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Anotacija

Neaungbart ir aktuala misdienu probléma. ST probleéma skar 10 — 15% paru, un
aptuveni puse no iem gadjjumiem ir saistiti ar virie3a neauglibu. Virie§a neauglibas
gengtiskie iemesli meklgjami viridka dzimuma normalu attistibu un spermatogenézes
procesus nosakosajos geénos, kas lokalizeti gan cilvéka Y hromosoma, gan autosomas.

Cilveka Y hromosoma lokalizétie fertilitates markiergeni lauj pétit neaugligu
viriesu Y hromosomas AZF (azoospermijas) regionu mikrodelécijas un to korelaciju
arJvTrie§u neauglibu. IevieSot spermatogenézes traucgjumu molekulari genétisko
analizes metodi, tika ‘notei'kts, ka Y hromosomas mikrodeléciju bieZums virieSiem ar
idiopatisku neauglibu ir 5% un AZF mikrodelgcijas novéro azoospermijas vai smagas
oligozoospermijas gadijuma. Ir izstradats algoritms, kas var palidzet arstiem atlasit
virie¥a neauglibas gadijumus, kuros ir svarigi noteikt Y hromosomas mikrodel&cijas.

Cilvéka Y hromosomai raksturigos polimorfismus — bial&liskos markierus un
mikrosatelftus, veiksmigi iespéjams izmantot, lai noteiktu “neauglibas haplogrupu”
eksistenci. Petot Y haplogrupu izplatibu virieSsiem ar idiopatisku neauglibu un
kontroles grupu (latviesi tris paaudz&s), atrastas statistiski ticamas atSkiribas, kas
liecina par noteiktu Y hromosomas variantu — “neauglibas” haplogrupu iesp&jamibu.

Ir zindma korelacija ar cilveka 7. hromosoma lokalizeta géna CFTR
mutacijam un virieu neauglibu. Analiz&jot Latvijas neaugligo virieSu un kontroles
grupas paraugu géna CFTR delF508, R117H mutacijas, ka ari 8. introna poli-T un
poli-TG polimorfismus, netika atklata statistiski nozimiga So mutaciju un
polimorfismu saistiba ar virieu neauglibu, kas norada, ka génam CFTR nav tieSas
ietekmes uz spermatogengzes procesu.

Pétfjuma ietvaros analizéto virieSu neauglibas gengtiska riska iemeslu
apzinasana aizpilda lidz $im Latvija neaplikotu molekularas genétikas aspektu un ir

nozimiga ¥o pacientu neauglibas gengtiskajai konsultéSanai.
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Saisinajumi

Y hromosomas rajons, kura atrodas par spermatogen&zi atbildigi geni,
azoospermijas faktors

Tedzimts abpuséjs séklas vada trikums

(Congenital Bilateral Absence of Vas Deferens)

Cistiska fibroze — smaga genétiska slimiba

Gens, kas kodg cistiskas fibrozes transmembranas regulatoro proteinu
(Cystic Fibrosis Transmembrane Conductance Regulator)

Iedzimts vienpusgjs seklas vada trikums

(Congenital Unilateral Absence of Vas Deferens)

Y hromosomas AZF rajona lokalizéts géns (Deleted in Azoospermia)
Y hromosomas mikrosatelitu apzimgjums (DNA Y-chromosome Segment)
Eiropas molekularas genétikas kvalitates kontroles apvieniba
(European Mglecular Genetics Quality Network)

Hromosomu analizes metode — fluorescenta in situ hibridizacija
(Fluorescent In Situ Hybridisation)

Folikulus stimul&jo3ais hormons

Endoggnam retrovirisam lidziga sekvence cilvéka genoma
(Human Endogenous Retroviral Sequence)

Y hromosomas haplogrupa

Cilveka genoma projekts (Human Genome Project)

Intracitoplazmatiska spermas injekcija (Intracytoplasmic Sperm Injection)
Maksliga apauglo$ana (In Vitro Fertilisation)

Lutenizé&jo$ais hormons .

Viriediem specifisks Y hromosomas eihromatina regions

(Male Specific Y chromosome region)

Y hromosomas rajons, kura nenovéro rekombinaciju

(Non Recombinant region of human Y chromosome)

Y hromosomas galos izvietoti pseidoautosomalie rajoni, kas ir X-Y hromosomu
homologie rajoni un var rekombingties mejozes laika.

Molekulara analizes metode — polimerazes kedes reakcija

(Polymerase Chain Reaction)

Hromosomu analizes metode — PCR un fluorescentam iezimem, kas atbilst
noteiktiem hromosomu rajoniem (Primed In Situ Labeling)

Molekuldra analizes metode — restrikcijas fragmentu garuma polimorfisma analize
Sertoli ¥iinu sindroms (Sertoli Cell Only Syndrome)

Viena nukleotida polimorfisms (Single Nucleotide Polymorphism)

Y hromosomas 1sa pleca lokaliz&ts viriko dzimumu nosako3s géns
(Sex-determining Region Y)

Y hromosomas mikrosatelitu apzimg&jums (Short Tandem Repeats)

Y hromosomai specifiskas sekvences (Sequence Target Sites)
Testosterons

Spermatozoidu ekstrakcija no sekliniekiem (Testicular Sperm Extraction)
Pasaules Veselibas organizacija (World Health Organization)

Y hromosomas garais plecs

Y hromosomas garais plecs
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Azoospermija

CFTR haplotips -
Homologa rekombinacija
Idiopatiska neaugliba

Lokuss

Markiesis

Mikrodelécija

Mikrosatelits
Mutécija

Neaugliba

Neobstruktiva azoospermija

Obstruktiva azoospermija

Polimorfisms

Poli-T trakts

Poli-TG trakts

Smaga oligozoospermija
Vas deferens

Y hromosomas haplogrupa

Y hromosomas haplotips

Y hromosomas klasteris

Definicijas

Pilnigs spermatozoidu trikums ejakulata

CFTR géna 8. introna polimorfisma variants, ko nosaka timina (T) un
timina-guanina (TG) dinukleiotidu atkartojumu skaits

Hromosomas ietvaros notieko$a rekombinacija (apmama) ko nodro$ina
DNS nukleotidu apmaipa starp diviem lidzigiem vai vienadiem DNS
rajoniem

Neaugliba, kuras iemesls nav zindms/nosakams

Gena vai génu saimes vieta hromosoma

Unikala DNS seciba ar zinamu lokalizacijas vietu hromosoma, ko
izmanto, lai identificetu noteiktu DNS fragmentu

Delécijas, kuru izméri ir mazaki par 5-10Mb

Specifiskas, daudzkart atkartotas DNS nukleotidu secibas cilvéka
genoma (STR jeb DYS)

Kvalitativas vai kvantitativas izmainas DNS molekuld, kas var izmainit
biologiskas funkcijas, populacija satopamas retak neka 1%

Dzimumbriedumu sasniegu$u divu pret€ja dzimuma personu nespéja
radit bernu gada laika, dz1v0]ot regularu dzimumdzivi bez kontracepcijas

Spermatogengzes patologijas dé] radusies azoospermija
Virie$u reproduktiva trakta nosprostojuma dg] radusies azoospermija

Izmainas DNS molekula, kas populacija sastopamas biezak neka 1% un
kuras pret&ji mutécijam neizraisa saslim$anu

Gena CFTR 8. introna timina (T) atkartojumu seciba

Géena CFTR 8. introna timina-guanina (TG) dinukleotidu atkartojumu
seciba

Samazinats spermatozoidu skaits ejakulata (<5x10%ml)
Seklas vads

Y hromosomas variants/lTnija, ko nosaka viena nukleotida polimorfisms
(SNP)

Y hromosomas variants/linija, ko nosaka daudzkart atkartotas secibas —
mikrosateliti (STR jeb DYS)

Vairaku genealogiski radniecigu Y haplogrupu kopums
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Ievads

Neaugliba ir aktuala probléma miisdienas. ST probléma skar apméram 10 —
15% paru, un apmeéram puse no Siem gadfjumiem raksturojas ar virieSa neauglibu.
Vairak ka 60% gadijumu virie$a reproduktivo funkciju traucgjumu iemesls nav
zinams, t.i., nav atklajams ar kliniskiem izmeklgjumiem. No zinamajiem, biezak
novérotajiem neauglibas célopiem lielaka nozime ir hormonalas dabas trauc&jumiem,
ka arl citogen&tiskai patologijai. Sis genétiskas izmaipas galvenokart meklgjamas
normilu viridka dzimuma attistibu un spermatogenézes procesus nosakosajos génos,
kas lokaliz&ti gan cilveka Y hromosoma, gan autosomas.

Cilveka Y hromosomas gard pleca eihromatiskaja rajona atrodas AZF
(azoospermijas faktors) lokuss, kura lokalizéti géni, kas atbild par normalu
spermatogengzes norisi, 1Idz ar to par virie$a auglibu. AZF regions sastdav no trim
rajoniem AZFa, AZFb un AZFc. Sie rajoni satur génus, no kuru ekspresijas ir
atkariga virieSa fertilitate. Ir zinams, ka neaugligiem viriediem, kuriem klmiski
diagnosticéta ar spermas Kvantititati vai kvalitati saistita patologija, Y hromosomas
AZF rajonos ir atklatas mikrodel&cijas. Turklat no ta, kura AZF rajona ir lokalizétas
%is mikrodelgcijas, ir atkariga neauglibas smaguma pakape. Mikrodelécijas AZFa
rajond aptur spermatogenézes procesu ta sakumstadija; izlocitajos séklas kanalinos
neatrod viridkas germinativas §tinas. Savukart mikrodelécijas AZFb rajona apstadina
spermatogenézes procesu pirms germinativo SUnu mejotiskds dali¥anas, bet dazadi
samazinata spermatozoidu skaita un defektivas morfologijas varianti ir AZFc rajona
mikrodeléciju sekas. Latvija Y mikrodeléciju analize 17z Sim nebija veikta.

Uzskata, ka virie$u neauglibu izraisoSie genétiskie faktori korele ar kadiem
noteiktiem Y hromosomai raksturigiem neitraliem polimorfismiem vai mikrosatelitu
variantiem. Par pamatu izmantojot Latvijas populaciju raksturojo$os Y hromosomas
haplogrupu un mikrosatelitu datus, ir iesp&jams noskaidrot, vai saglabajas tadi pat
varianti ar lidzigu frekvenci arT analizgjot neaugligu virieSu DNS paraugus.

Ta ka ir zinams, ka virieSiem ar idiopatisku neauglibu Y hromosomas
mikrodel&cijas atrod ~ 10% gadijumu, tad jadoma arl par citu genétiska rakstura
mehanismu esamibu, kuriem ir bitiska nozime virieSu neauglibas attistiba. Viens no
tadiem faktoriem ir mutécijas un polimorfismi cistiskas fibrozes izcelsmé iesaistitaja

géna CFTR. Smaga §T géna kodéta proteina nepietiekamiba virieSiem izpauzas ka vas
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deferens trikums (Congenital bilateral absence of vas deferens, CBAVD) un
obstruktiva azoospermija. Biezakas mutacijas géna CFTR, kas korele ar virieSu
neauglibu, ir delF508 un R117H, ka art poli-T un poli-TG trakta 5T/12TG al€les
klatbiitne géna CFTR 8. introna.

Darba hipotéze
1. Cilveka Y hromosoma lokalizgtie fertilitates markiergéni Jauj pétit viriesu Y

hromosomas AZF regiona lokalizétas mikrodelécijas un to korelaciju ar virieSu
neauglibu.

2. Cilvéka Y hromosomai raksturigos polimorfismus — bial€liskos markierus un
“mikrosatelitus, veikspigi iesp&jams izmantot, lai noteiktu “neauglibas
haplogrupu” eksistenci Latvijas populacija.

3. Nosakot cilveka 7. hromosoma lokalizéta géna CFTR mutacijas un polimorfismus

iespgjams spriest par o mutaciju un polimorfismu saistibu ar virieSu neauglibu.

Darba mérkis:

Veikt idiopatiskas virieSu neauglibas molekulari gengtisko izpéti Latvija.

Darba uzdevumi:

1. Atlasttu pacieﬁtﬁ grupai ar idiopatiskiem spermatogenézes traucEjumiem
noteikt Y hromosomas gard pleca AZFa, AZFb un AZFc rajonu
mikrodelgcijas.

2. Veikt eksistéjofo Y hromosomas mikrodeleciju analizes metoZu
salidzindjumu, lai izvertstu to piemérotibu atrai un precizai Y hromosomas
mikrodel&ciju noteik3anai molekularas genétikas laboratorija.

3. Izstradat algoritmu, kas autu arstiem-andrologiem atlasit pacientus, kam
svarigi noteikt Y hromosomas mikrodel&cijas.

4. Aprobét un ieviest Latvija értu un efektivu Y hromosomas mikrodeléciju
analizes metodi ka virie$u neauglibas molekularas diagnostikas veidu.

5. Virieiem ar idiopatisku neauglibu noteikt Y hromosomas neitralo
polimorfismu variantus — Y haplogrupas un haplotipus, ka arT izvertét saistibu
starp noteiktam Y hromosomas haplogrupam un spermatogenézes

trauc€jumiem.




6. Veikt Y hromosomas mikrodel&ciju analizi viriska dzimuma cistiskas fibrozes
slimniekiem ar zinamiem géna CFTR mutaciju variantiem.

7. Neaugligiem virieSiem analizét géna CFTR mutaciju delF508 un mutaciju
R117H, ka arf noteikt 8. introna poli-T un poli-GT polimorfismus.

8. Veikt géna CFTR 8. introna poli-T un poli-GT polimorfismu salidzinajumu

neaugligiem virieSiem un kontroles grupas virieSiem.

Darba zinatniska novitate

Darba novitate ir lidz §im Latvija nenoskaidroto virieSu neauglibas molekulari
genétisko faktoru izpéte. Noskaidrots, ka virieSiem ar azoospermiju un smagu
oligozoospermiju Y hromosomas mikrodeléciju biezums ir 5%, kas atbilst So
mikrodelEciju frekvencei citas Eiropas valstis. Noteikta Y hromosomas variantu — Y
haplogrupu korelacija ar spermatogengzes traucgjumiem. Apzinati géna CFTR divu
mutaciju (delF508 un R117H) un poli-T/poli-TG polimorfismu varianti virieSiem ar
idiopatisku neauglibu. Pirmoreiz Latvija paradita neauglibas molekulari gengtiskas
izpétes nozime virie$u reproduktivas patologijas diagnostika, neauglibas gengtisko

faktoru asocidcijas pétjjumos un genétiskaja konsulte3ana.

Darba praktiska nozime
Darba ietvaros izstradata un ieviesta &rta un efektiva spermatogenézes traucgjumu

molekuldra analizes metode, ar kuras palidzibu Latvija iesp&jams diagnosticét Y
hromosomas mikrodelécijas. Izveidots algoritms, kas varétu palidz&t arstiem atlast
virie$a neauglibas gadijumus, kuros ir svarigi noteikt Y hromosomas mikrodel&cijas.
Teteikts veikt molekulari genétisko analizi visiem idiopatiskas neauglibas gadijumiem,
kad hormonu limenis un kariotips ir normals, bet spermatozoidu skaits ir <5x10%mL.
Mikrodeléciju  analize virie§iem ar vieglakim neauglibas formam nav
rekomend&jama, jo Y hromosomas mikrodeléciju biezums $aja grupa ir Joti zems. Y
hromosomas mikrodel&ciju analize |auj precizét neauglibas diagnozi, atklat slimibas
etiologiju, bez tam ta ir informativa neauglibas gengtiskaja konsulte3ana, it Ipasi

pirms maksligas apaug|o$anas veik3anas.




Darba izstrades vieta, laiks un finanséjums

Promocijas darbs izstradats Rigas Stradipa universitates Molekularas gengtikas
zinatniskaja laboratorija un Latvijas Valsts BiomedicTnas p&tijumu centra laika posma
no 2005 1idz 2016 gadam.

Promocijas darbs izstradats LZP granta Nr. 04.1198 ,Y hromosomas molekulara
polimorfisma pétijumi virie3a reproduktivas patologijas un populacijas
raksturojumam”, LZP sadarbibas projekta Nr. 05.0023 ,Latvijas populacijas
molekulari genétiskais raksturojums” un LZP sadarbibas projekta Nr. 10.0010
“Slimibu etiologijas, patogenézes un cilvéka novecosanas procesu genétiska izpéte
Latvijas populacija” ietvaros.

Ddrbs tapis ar ESF projekta ,,Atbalsts doktorantiem studiju programmas apguvei un

zindtniska grada ieguvei Rigas Stradina universitate” atbalstu.
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1. Literatiiras apskats

1.1. Neauglibas probléma

Neaugliba ir pasaulé izplatita sociala un mediciniska probléma, kas skar aptuveni
15% paru (Oehninger et al., 2001). Neaugliba tiek definta ka slimiba, ja pie regularam
dzimumattiecibam, partneriem nelietojot kontraceptivos lidzek]us, gritnieciba neiestajas
gada laika. Dati, kas pieejami par ped€jiem 20 gadiem, parada, ka aptuveni 30%
gadijun'iu neaugliba ir virie§a veselibas stavokla dé|, bet 20% gadfjumu neauglibas
iemesls mekl&jams abos partneros.

Virie$a neaugliba ir bieZi sastopama un smaga veselibas probléma. Neauglibas
probléma skar ne tikai virie$a sp&ju k]at par bérna biologisko tévu, bet tai piemit arl
emociorﬁls, psihologisks un socials raksturs. Diemz&l, neskatoties uz §is veselibas
problémas bieZo sastopamibu Eiropa un pasaul un tas visparejo nozimi, tai nav pievérsta
pietieckami liela uzmaniba. - '

Aptuveni 7% virieSu cie§ no neauglibas, un, iesp&jams, $im skaitlim ir tendence
pieaugt. VirieSu neauglibai var but daudz un daZadi iemesli. Nozimigakie no tiem ir
anatomiskie defekti, endokrinopatijas, imunologiskas problémas, ejakulacijas trauc€jumi
un dazadi argjas vides faktori. 40% gadijumu neauglibas célonis nav zinams, tade] tiek
lietots apzim&jums “idiopatiska neaugliba”. Dalgjs skaidrojums tam, ka bieZi neauglibas
iemesls nav zinams, varétu bit vél joprojam nepilniga izpratne par mehanismiem, kas
nodrogina virie$a auglibas molekuldri genétisko pamatu (Vogt et al., 2004). Lai izprastu
neauglibas problémas genétisko dabu, nenoliedzami ir jaizzina tie geni, kas ir iesaistiti
spermatogendzes procesos, spermatozoidu nobrie§and un normald spermatozoidu
funkciong$and, ka ari ir nepiecie$ams pievérst uzmanibu ari jaunu tehnologiju ievieSanai
neauglibas kliniskas diagnostikas un terapijas prakse.

Pedgjo 20 gadu laika ir panakti ievérojami sasniegumi virieSu neauglibas
arste¥ana. Viens no pirmajiem panikumiem $aja joma bija intracitoplazmatiskas spermas
injekcijas (intracytoplasmatic sperm injection, ICSI) metodes izveide un ar to saistita

maksligas apauglodanas (in vitro fertilisation) ievieSana kliniska prakse. Ar So
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tehnologiju palidzibu ir palidzéts tikstodiem neaugligu virie$u klut par savu bérnu
biologiskajiem teviem. Savukart maksligas apaugjoSanas pozitivam aspektam lidztekus
aktualizéjies jautajums par genétisko defektu parmantoSanu pecnacgjiem, kas no
biologiska (dabiskﬁs’ izlases) viedokla 1idz §im tika ierobeZots, nelaujot Sos defektus
parnest dabiga cela. Lai arT kadai dalai virieSu intracitoplazmatiskas spermas injekcijas
metode un maksliga apauglofana ir sp&jusi palidzgt neauglibas gadijuma, virieSu
neauglibas zinatniskie pétijumi nav apstajusies, jo diemz€l vél ir daudz tadu gadijumu,
kuru neauglibas genétiskais pamats ir daudz komplicétaks, lai to blitu iesp&jams atrisinat
ar 3o tehnologiju palidzibu.

-
*

1.2. VirieSu neauglibas kliniskas formas

Virie$u neauglibu var iedalit vairakas grupas un klasificét pec daZadiem
kritérijiem. Ta ka 3T darba mérkis ir paradit genétiska riska faktoru izvertejumu virieSu
neauglibas gadijuma, tad, pirms iedzilinaties $ajd jautajuma, nepiecieSams veltit
uzmanibu virieda neauglibas klinisko aspektu Isam raksturojumam. Lai labak paraditu
virie$a neauglibas kliniskas formas, tiks izmantota klasifikacija (1.1. tabula) péc ta, vai ar

arstniecibas metoZu palidzibu iesp&jams panakt dabisku apaugloSanos (Baker, 2008).

1.1. tabula. Virie¥a_neauglibas Klasifikicija péc ta, vai ar arstéSanas palidzibu
iespéjams panakt dabisku apaugloSanos

Neauglibas veids BieZums
Nearstéjama neaugliba 12%
e Primars izlocito séklas kanalu trikums 12%
Arstéjamas formas 18%
e Antispermas antivielas 7%
e Obstruktiva azoospermija 10%
e Gonadotropina deficits 0,5%
e Seksuilo funkcijas slimibas 0,5%
e Toksini 0,02%
Nearstéjama sub-neaugliba (subfertility) 70%
e Oligozoospermija 35%
e Astenospermija un teratozoospermija 30%
e Normospermija ar funkcionaliem defektiem 5%
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Savukart péc spermatogrammas (spermas analize) datiem, virieSu neauglibas
kliniskas formas iesp&jams klasificét, pamatojoties uz spermatozoidu morfologiskajam

ipatnibam (WHO 1999), kas apkopotas 1.2. tabula.

1.2. tabula. Virie¥a neauglibas klasifikacija péc spermatogrammas datiem

Neauglibas veids Apraksts

Normospermija 20x10° spermatozoidu /ml vai vairak;

50% vai vairak spermatozoidu, kas kustas uz prieksu,
vai 25% vai vairak spermatozoidu, kas kustas atri;
30% vai vairak normala morfologija.

Oligozoospermija Spermatozoidu koncentracija < 20x10%/ml.
Astenospermija N < 50% spermatozoidi, kas kustas uz prieksu, vai
< 25% spermatozoidu, kas kustas atri.
Teratozoospermija < 30% spermatozoidu ar normalu morfologiju.
Oligoastenoteratozoospermija Samazinats spermatozoidu daudzums,

kustibas traucgjumi un morfologijas defekti
(izmainas trijos kriterijos)

Azoospermija Ejakulata neatrod spermatozoidus

Aspermija Nav ejakulata

1.3. VirieSu neauglibas genétiska riska faktori

Sobrid ir attistitas daudzas jaunas metodes genétisko slimibu noteik$anai, un
nenoliedzami liela nozime virie$u neauglibas genétikas izpratné ir ,,Cilvéka genoma
projektam” (Human Genome Project, HGP). Tapat ka visas molekularas biologijas
nozards, ari neauglibas genétikd neatbildetos jautdgjumus par iespéjamo kandidatgénu
funkcijam un to etiologiju konkréto slimibu gadijumos cer&ja atrisinat lidz ar cilveéka
genoma sekvences noskaidrofanu. Péc HGP datiem ir zinams, ka cilvéka genomu veido
20 000 — 25 000 génu. Analiz&jot pieejamos cilvéka sekvences datus un pétot iespgjamo
auglibas génu darbibu dzivnieku modelos, tika noskaidrots, ka aptuveni 3000 génu
produktu mijiedarbojoties nodrosina virieSa (un sievietes) auglibas cikla genetisko
kontroli (Hackstein et al., 2000; Cooke at al., 2002; Matzuk & Lamb, 2002). Tadgjadi
klst acimredzams, ka virieSa augliba nav atkariga tikai no daudzo génu ekspresijas

dzimums§iings, bet to ietekmé arT génu grupas, kas, viena otru aktivgjot, nodroSina virisko
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dzimumdziedzeru un virieSa somatisko attistibu. Cilvékiem auglibas génu molekularie
pétijumi ir apgrutinati, tapéc, ka cilveks nav eksperimentala suga. Virie$a neauglibas
statuss tiek atklats tikai tad, kad paris, kur§ vélas bérnu un nespgj to iepemt, vérsas p&c
padoma neauglibas klinika. Diemzél %o paru kliniski genétiska izmekléSana var tikt
izversta tikai tad, ja diagnoze ir “idiopatiska neaugliba”. Tadgjadi Sie gadfjumi veido
atsevisku apak$grupu, kas tomér ir saméra liela — 40%. Lidz ar to genétiskos traucgjumus,
kuri ir virie$u neauglibas c€lonis, var iedalit trijas grupas: (1) hromosomalas aneiploidijas
un parkartojumi, kuru rezultdta ir jzmainita noteiktds hromosomas lokaliz&tu génu
ekspresija; (2) submikroskopiskas delécijas (piemé&ram, mikrodelécijas), kur vairaku tuvu
lokalizétu génu deléciju vai parkartojumu rezultata ir izmainita normala génu ekspresijas
aina; (3) atseviSku génu def;kti, kur viena géna ekspresija ir mainita vai zaudéta, ka

rezultata ir attistfjusies virie$a neaugliba (Vogt, 2004)
1.3.1. Hromosomu abericijas, kuras ir iemesls virieSu neauglibai

Normilu cilvéka kariotipu veido 46 hromosomas, no kuram divas atbild par
cilveka dzimumu, attiecigi si.evietém §1s divas dzimumhromosomas ir X hromosomas
(46,XX), bet virieSsiem S0 komplektu veido viena X un viena Y hromosoma (46,XY).
Dazadas hromosomu str:lktﬁras parmaipas piepemts apzimét ar terminu hromosomu
aberacijas. Hromosomu aberacijas atklatas apméram 14% azoospermijas un 5%
oligozoospermijas pacientu (Van Assche et al, 1996). Lielaka dala hromosomu
anomaliju, kuras ir célonis virieSa neauglibai, ir saistitas tiesi ar dzimumhromosomam.

Biezaka dzimumhromosomu patologija viriediem ir Klainfeltera sindroms, kad
virie$u kariotipa ir viena papildus X hromosoma (47,XXY). S1 sindroma biezums starp
viriediem ir 1 : 500 — 1 : 1000 (Huynh et al.,, 2002). Parasti Klainfeltera sindroma
pacientiem ir azoospermija, vai arf to sékliniekos atrodams neliels spermatozoidu skaits
(Tournaye at al., 1996). Lidz ar to literatira reti ir aprakstiti gadijumi, kad Klainfeltera
sindroma pacienti dabiska cela var kliit par biologiskajiem b&rna t€viem, (Foss & Lewis,
1971). V&l joprojam nav zinams, kapéc Klainfeltera pacienti ir neaugligi un kapec
apméram 20% gadfjumu personim ar Klainfeltera sindromu ir kariotips 46,XY/47,XXY

(mozaikas forma). Ta ka $o pacientu grupa tiek novérots, ka pécmejotisko dzimumsunu
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(nobriedusu spermatozoidu) skaits ir samazindts, tad So faktu mégina izskaidrot ar
jespejamiem traucéjumiem mejozes sakuma etapos — dzimumhromosomu konjugacijas
procesd, kur otrd X_ hromosoma konjugé (nostajas pari) ar Y hromosomu. Savukart
dzivnieku mode]pétijumos ar pelém paradits, ka traucgjumi viriSkajas dzimumsinas
notiek jau embrionalas attistibas laika (Mroz et al., 1999).

Klainfeltera sindroma pacienti ar palielinitu X hromosomu skaitu kariotipa
(48 XXXY; 49, XXXXY) sak vairak lidzinaties sieviSkajam fenotipam. Ir traucéta
dzimumlocek]a attistiba, ka arl biezi novéroj:dma ir seklinieku nenoslidé$ana jeb
kriptorhisms. Tas parada X hromosomu skaita ietekmi uz viriSko gonadu attistibu, ka ar
to, ka-abu dzimumhromosomu (X un Y) lidzsvars ir iz8kiro$s agrina embrionalas
attistibas procesa. Abas dz;mumhromosmés lokalizéto un funkcionali aktivo génu
atklasana ir ]avusi izprast dzimumhromosomu genétiska lidzsvara molekularo pamatu. Ir
zinams, ka agras embrionalas attistibas laika, kad notiek X hromosomas inaktivacijas
process, X hromosoma lokalizetie X un Y hromosomu homologie géni netiek inaktiveti
un tade] 3o génu ekspresija Klainfeltera sindroma gadijuma ir pastiprinata. Ir arT zinams,
ka mutacijas géna UDT atrastas s€klinieku audzgja (festicular germ cell tumour, TGCT)
gadijuma. Savukart Sis mutﬁl:ijas novéro ari tiem pacientiem, kuriem b&rniba bijis
kriptorhisms. Nesen atklats, ka minétais géns (géns UDT) atrodas X hromosoma (Xq27).
Lidz ar to Klainfeltera sindroma pacientiem, kuriem bérniba bija konstatéta s€klinieku
noslidésana, varétu biit palielinats risks $T audzg&ja attistibai (Rapley et al., 2000).

Bieza dzimumhromosomu patologija ir viriesi ar divam Y hromosomam kariotipa
(biezums 1 : 750; kariotips 47,XYY). So virie$u auglibas statuss ir variabls. Ja XYY
virietis ir neaugligs, tad parasti novéro oligozoospermiju. So individu neauglibas
hromosomalais iemesls ir palielinata Y bivalentu (45 — 75% no analizétiem gadfjumiem)
veidoSanas spermatogenczes laika (Berthelsen et al., 1981).

Viriesi ar mozaikas formas kariotipu 45,X/46,XY parstav 4% no neaugligo virieSu
grupas. Siem pacientiem novéro gonddu nepilnigu vai traucétu attistibu, argjie
dzimumorgani var bat normali, tadu biez iesp€jamas tadas anomalijas ka mazs
dzimumloceklis, hipospadijas (uretras atveres attistibas defekts), samazinats s€klinieku
lielums. Individi ar mozaikformas kariotipa 45,X/46,XY variantu var but arT ar sievisko

tenotipu, 3adu gadijumu sastopamibu var izskaidrot ar smalko lidzsvaru starp viriska un
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sieviska dzimuma diferenciaciju agras embrionalas attistibas sakuma. Veicot So pacientu
v hromosomu krasoSanu ar fluorescentam krasvielam (akrihinu), tika noskaidrots, ka Y
hromosomas lielums ir normals, ta¢u Y hromosomas gara pleca distalaja dala trokst viena
no fluorescentam iez%mém, kas parasti atbilst Yq12 rajonam. Sajas “nefluorescentajas” Y
hromosomas tika atrasta parravumu “karsta” vieta — Yqll un noskaidrots, ka
«pefluorescentd” hromosoma veidojusies, sapliistot divam Y hromosomam, kur abds
pirms tam noticis parravums Yql1 rajond, lidz ar to izveidojot dicentrisku Y hromosomas
iso plecu izohromosomu. Min&to hromosomalo parkartojumu rezultatad pacientiem ir
fraucéta gametogenéze — tiek izjaukta mejotiskda X un Y hromosomas konjugacija, jo
notiek ¥ izohromosomas iso plecu saparoanas sava starpa (Chandley et al., 1989). Ta ka
Y hromosoma ir parrauta Yq lxl kritiskaja punkta, tad Sie pacienti pieder neaugligo virieSu
grupai, kuriem raksturiga Y hromosomas gard pleca (Yqll) lokaliz&ta azoospermijas
faktora (AZF) delécija (aprakstits talakajas nodalas).

Neaugligi virie$i ar azoospermijas variantu un 45,X Kariotipu arl pieskaitami
pacientu grupai AZF delécijam. Tiem ir nelidzsvarots Kariotips, jo ir notikusi Y
hromosomas gara pleca (Yql1) delécija, un otra Y hromosomas 1sa pleca dala, kas satur
géna SRY lokusu, ir transloc.:éta uz kadu no autosomam (biezak uz 13, 15 vai 22
hromosomu). Sada veida franslokécijas var dazadi ietekmét virieSa auglibu, jo viriesi ar
vienu un to pasu translokacijas formas kariotipu var bt gan augligi, gan neaugligi, un
$adas at¥kirTbas var novérot pat vienas gimenes locek]iem. Biezak gimenes ciltskokos
virie3u kariotipa novéro Y hromosomas gara pleca distalas dalas (Yq12) translokaciju uz
kadu no akrocentrisko hromosomu isajiem pleciem. (Vogt, 1996), 11dz ar to 3ie gadijumi
ari pieskaitami AZF pacientu grupai.

Virie$i ar 46,XX kariotipu sastopami Joti reti, sindroma biezums ir 1 : 20 000
jaundzimugo viriska dzimuma individu, kas ir apméram 2% no visiem virieSu neauglibas
gadijumiem. Siem individiem viriska dzimuma un seklinieku attistiba ir normala, joY
hromosomas Isa pleca distdla dala (Yp1l), kas satur viriska dzimuma nosakoSo (SRY)
lokusu, ir translocéta uz X hromosomas isd pleca distalo daJu (Xp22). Talu Siem
virieSiem raksturiga azoospermija, jo nav Y hromosomas gara pleca ar spermatogenézei
svarigo AZF rajonu. Izmainits viriSkais fenotips (piem&ram, nenoslidgjusi seklinieki,

mazs dzimumloceklis, hipospadijas) 46,XX personam ir iesp&jams tikai tad, ja X un Y
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hromosomas parravuma un savienosanas punkts ir Joti tuvu génam SRY un Tslaicigi trauce
géna SRY aktivitati viri$ka dzimuma determinacijas laika (Boucekkine et al., 1994).
Hromosomilas aneiploidijas un translokacijas starp autosomam (reciprokas un
Robertsona translol’(z'lcijas) ir sastopamas daudz retdk nekd dzimumhromosomu
anomalijas, kaut gan autosomu struktiiras izmaipas (translokacijas, inversijas) 10 reizes
biezak atrod neaugligu neka augligu virieSu populacijas (Van Assche et al., 1996). Ir
zinams, ka azoospermijas un smagas oligozoospermijas pacientu (ar normalu somatisko
kariotipu) sékliniekos atrastajos spermatozoidu priekSteCos un spermatozoidos var
noverot palielinatu hromosomu neatieSanas gadfjumu skaitu (Palermo et al., 1998). It
ipai pericentriskas inversijas, kas skar 1, 3, 5, 6, 10 hromosomu, izmaina mejozes gaitu
un noved pie samazinata sp;rmatozoidu skaita vai pat azoospermijas. ArT Robertsona
translokacijas starp 13. un 14. hromosomu 60% gadfjumu rada trauc€&umus
gametogenézes laika, ka rezultata virietis ir neaugligs (Vogt, 1995). Attistoties digitalas
diferenciesanas metodei, tika veikta transkriptu analize un noteikts, kuri transkripti
ekspreséjas sékliniekos. Péc tam katram transkriptam tika mekléti tam atbilstosie
hromosomu rajoni un iegiitie dati salidzinati ar rezultatiem, kas ieprieks iegiti, p&tot
neaugligu virieSu hromoson;as, kurds atrastas lidzsvarotds translokacijas. Ta tika
identificéti vairaki ta sgucamie karstie punkti hromosomas, kuros bieZak notiek
parravumi. Karstie punkti tika atklati 1. hromosoma (1p31-33), 3. hromosoma (3p21.1-9),
6. hromosoma (6p21, 6p22.1), 7. hromosoma (7931) un X hromosoma (Xq28). Dazi no
iem lokusiem reprezenté rajonus, kas ir pazistami ka sekliniekos ekspreséto génu
atradanas vietas, citi savukart varétu liecinat par iepriek§ nezinamiem géniem, kuri,

iespejams, ir iesaistiti seklinieku darbibas traucgjumos (Olsen et al., 2001).
1.3.2. Submikroskopiskas delécijas, kuras ir iemesls virieSu neaughbai

Lielas Y hromosomas gard pleca delécijas viennozimigi korele ar virieSa
neauglibu. Cilvéka Y hromosomas molekularajos pétfjumos atklats kritiskais regions, kas
atbildigs par spermatogengzes procesu (sikak aprakstits talakas nodalas). Visa § regiona
delgcija ir iemesls defektivai spermatogengzei un Sertoli §tnu sindroma (Sertoli cell only

syndrome, SCOS) attistibai. SCOS raksturojas ar maziem sékliniekiem, azoospermiju,
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palielinatu folikulus stimuliz&jo$d hormona (FSH) un normalu testosterona limeni
(Foresta et al,, 1998). Savukart nelielas delécijas kritiskaja Y hromosomas regiona,
sauktas par mikrodelgcijam, var biit par c€loni izmaipdm spermatogengzes procesa, kas
yar novest pie azoc;spermijas vai smagas oligozoospermijas (Vogt, 1998; Krausz &

McElreavey, 1999). Detalizétak Y hromosomas mikrodelécijas tiks apskatitas talakajas
nodalas.

1.3.3. Genu muticijas, kuras ir iemesls virieSu neauglibai

Dzivniekmode]u pétijumos ar pelem veikti daudzi génu izsléganas eksperimenti
un noskaidrots, ka vairak ngké 3000 génu, kas tiek ekspreséti viriskas (un sieviskas)
dzimum3Ginds, izraisa neauglibu vai samazinatu auglibu (Cooke et al., 2002; Matzuk &
Lamb, 2002). Lai ar lielakajai dalai $o peles génu ir atrasti homologi cilveka genoma, vél
joprojam bieZi nav zinams, tie$i kuri ir neauglibas géni un kadas ir So.génu funkcijas
cilveka dzimumsiinas. Salidzinot grauz&ju un cilvéka génu sekvences, tika atrasts, ka
daudzi par reproduktivo funkciju atbildigie géni ir Joti divergenti, t.., ar atSkirigu
ekspresiju grauz&ju un cilvélia sekliniekos. So génu sekvences veido 10% no visam
secibam, kuram raksturigg augsta divergence (Makalowski & Boguski, 1998), kas liecina
par atru reproduktivo pI:oteInu evoliciju (Swanson & Vacquier, 2002). Aktuals ir
jautdjums, kapéc cilvéka spermatogenézes funkciju pétijumi netiek veikti tiesi ar virieSa
auglibas géniem. Ir zinams, ka vidgjais cilvéka génu mutaciju bieZums ir 10* — 10°
(Vogel & Motulsky, 1986), un, iesp&jams, ka tads pats mutaciju bieZums ir arT virieSu
auglibas génos. Ta ka lielakoties neauglibas pétfjumi veikti eksperimentos ar pelém,
noskaidrots, ka lielaka dala iespéjamo virieSa auglibas génu ir homologi peles géniem,
paradits, ka $o génu izslégdana peles mode]p&tijumos saistita ar reproduktivas funkcijas
traucgjumiem, tad $obrid nav zinams, cik liels ir cilvéka génu mutaciju atrums liela
idiopatisku neauglibas pacientu grupa. Turklat cilveks nav eksperimentals objekts, un
tapsc virieSa auglibas génu molekularas genétikas pétfjumi praktiski tiek veikti tikai
tadiem géniem, kuriem ir augsts mutaciju atrums. Lidz ar to divi nozimigakie cilveka
hromosomu rajoni, kuri parada saistibu ar virieSa neauglibu, ir cilvéka Y hromosomas

gara pleca (Yqll) azoospermijas faktora (AZF) génu delécijas un mutacijas cistiskas
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fibroses génd (CFTR), kas atrodas cilvéka 7. hromosomas garaja pleca (7q31.2). AZF
génu delécijas visbiezak tiek atrastas pacientiem ar azoospermiju, kuras iemesls nav
séklas kanalu nosprostojums (ne-obstruktiva azoospermija) (Vogt, 1998; Krausz &
McElreavey, 1999),’ savukart géna CFTR muticijas visvairak atklatas pacientiem ar
iedzimtu bilateralu séklas vada trikumu (congenital bilateral absence of the vas deferens,
CBAVD), kas ir azoospermijas obstruktiva forma (Oates & Amos, 1994) (sikak aprakstits
talakas nodalas).

Bez pieminétajam divam lielakajam génu grupam, kuru mutacijas ir iemesls
virie$a neauglibai, ir zinami arf citi géni. Tomér $o génu skaits ir salidzinosi neliels.
Lielak# dala %o génu ir iesaistita seklinieku attistibas genétiskaja regulacija, vai arT tiem ir
daliba dazos virieSa somatislzﬁs attistibas posmos. No kliniskd viedokl]a labak zinamas
patologijas ir androgénu nejutibas sindroms (testikularas feminizacijas sindroms), ko
izraisa mutacijas androgéna receptora (4R) géna, idiopatiskais hipo- un hiper-
gonadotropiskais hipogonadisms, kura iemesls ir mutacijas folikulus stimul&josa un
luteniz&jo$a hormonu receptoru (FSHR/LHR) génos, ari mutacijas géna KAL-1, kas ir
iemesls Kalmana sindroma attistibai. Savukart poligéna (vairaki géni nosaka vienas
slimibas attistibu) iedziméanas. aina ir novérota jau pieminétajam Kalmana sindromam, ka
arT Karteid¥enera sindromam un globozoospermijai. Retak klinikd sastopamas mutacijas
génos INSL3 un LGR8—éREAT, kas izraisa kriptorhismu (s€klinieku nenoslidéSanu),
mutacijas géna DMI, kuru rezultata virieSa neaugliba ir saistita ar miotoniskas distrofijas

sindromu, un CAG atkétojumu skaita polimorfismu mitohondrialas DNS polimerazes

(POLG) géna, kas ari saistits ar virieSu neauglibu (Vogt et al., 2004).

1.3.3.1. Androgénu receptora géna lokuss

Androgénu receptors ir atbildigs par Volfa vadu diferenciacijas uzsakSanu un
attiecigi argjo virisko dzimumpazimju attistibas ierosinaSanu embrionalas attistibas laika.
Picaugugiem virie§iem androgéna receptors ir iesaistits spermatogengzes procesa
regulacija (McPhaul et al., 1999).

Androgéna receptora (4AR) géns ir lokalizéts X hromosoma (Xq) un kodé
androgénu receptoru, kas ir lielas intracelularo receptoru gimenes parstavis. Receptori

parasti ir inaktiveti, ja pie tiem nav piesaistijuSies atbilstoSie ligandi. Ligandi ir
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androgénie hormoni — testosterons vai dihidrotestosterons, kuri piedalas normala viriska
dzimuma diferenciacija embriondlds attistibas laikd, pubertates nodroSinaSana un
spermatoZenézes norisé. Testosterona veidosanas sakas embrionalas attistibas 8. nedela

Leidiga 3Unas un atblld par s€klinieku veidosanos no Volfa vadiem, un ietver arl
seklinieku piedek]u, se€klas vadu un seklas puslidu veidofanos. Argjo virisko
dzimumpazimju (dzimumloceklis un seklinieku maising) attistibai nepiecieSams
dihidrotestosterons, kas savukart rodas no testosterona So.-reduktazes hormona darbibas
rezultata (Heinlein & Chang, 2002).

Androgéna receptora géns tiek ekspreséts Sertoli SUinds un nodrosina dazadas
dzimumdiferenciacijas fazes Yiriél,(ﬁ dzimuma un dzimumsiinu pareizu attistibu. P&c
ligandu piesaistisanas androgénu receptors veido dimeru, celo uz kodolu un saistas ar
specifisku palindromu DNS secibu, ko piepemts apzimét ki ARE (androgénu atbildes
clementu, androgene response element) saistiSsanas vietu. Piesaistoties daudziem kodola
esodajiem ko-aktivatoriem, AR proteina dimérs aktivé daudzu mérka génu transkripciju.
Androgénu receptora proteinam ir gar$ N-terminalais peptida doméns (TAD doméns),
kuru kode géna AR 1. eksons, un ta funkcija ir modulét 4R atkarigo génu transkripcijas
aktivitati. Gena 2. un 3. eksons kodé peptida doménu, kas atbild par saisti§anos ar DNS,
un 4. — 8. eksons kodé C-terminalo peptida doménu, kas atbild par androgénu
piesaistiSanu. TAD doména izm@rs ir variabls, jo satur daudzkart atkartojosos glutaminu
(kode CAG trinukleotidu atkartojumi; to skaits ir 9 — 36) un glicinu (kodé GGC
trinukleotidu atkartojumi; to skaits ir 16 —27) traktu. Minétais polimorfisms ietekmé AR
receptora aktivitati: aktivitate pastiprinas, ja $o atkartojumu skaits ir mazaks, un tiek
samazinata, palielinoties atkartojumu skaitam (Tut et al., 1997). V&l joprojam nav
skaidrs, cik loti samazinatai jabut ST receptora aktivitatei, lai tas atstatu iespaidu uz
spermatogenézi. Liela salidzinosa petijuma, kas ietvéra 600 augligus un 674 neaugligus
virie$us no Eiropas populdcijam, abas pétamajas grupas netika atrastas statistiski ticamas
atikiribas CAG atkartojumu skaita géna AR (Rajpert-De Meyts et al., 2002). Tas pats tika

apstiprinats citos pétijumos, kur salidzinaja 119 eiropieu izcelsmes neaugligus virieSus

ar 280 virieSiem no indiesu populacijas (Tangaraj et al., 2002). Nesenos pétijumos tomer

ir pieradita palielinata CAG atkartojumu skaita korelacija ar lielaku azoospermijas vai

smagas oligozoospermijas risku. Veicot CAG polimorfisma molekularos petijumus
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Jdazadas populacijas, noverots, ka ASV populacija raksturigi 20,7 atkartojumi, Singapliras
populacija 22,4, Australijas — 21,8 un Danijas — 20,7 trinukleotida atkarfojumi un ka
minéto atkartojumu skgits korelé ar neauglibu (Krausz, 2007).

Ja CAG atkdrtojumu skaits ir apméram 38, tad tas ir saistits ar smagu
neirodegenerativu slimibu — Kenedija sindromu, kas raksturigs ar progresivu motoro
neironu degenerdciju un vieglu androgénu rezistenci ar vélinu izpausmi. Kenedija
sindroma gadijumid CAG atkartojumu skaits varié no 38 lidz 62 (Dadze et al., 2002).
Slimibas célonis ir neparasti garais poliglutamina trakts AR géna. Tadu parsteidzo$i, ka
Kenedija sidroma pacienti nav neaugligi. Lidz ar to nav zinams, ki palielinats CAG
atkartojumu skaits TAD doména var izraisTt gan virieSu neauglibu, gan muskuju atrofiju.
Bez $aubam androgéni 'sekmé gan viriSko dzimumsunu veido§anas sakumu, gan
spermatozoidu noformeSanos, tapec arl génam AR ir jabiit iesaistitam spermatogenézes
genétiskas regulacijas procesa.

Gena AR ir atrastas vairak neka 300 punktveida mutacijas, kas atspogulo AR
diméra proteina funkciondla kompleksa struktiiras mainigo dabu, un tadgjadi kopa ar
daudziem ko-aktivatoriem tas var darboties ka sekliniekiem specifisks transkripcijas
faktors. Noskaidrots, ka biezakam géna AR mutacijam nav specifiskas patologijas, tacu ir
zinima saistiba ar vairdkiem variabliem patologiskiem fenotipiem. Smagakais fenotips
izpauZas ka pilnigs androgénu nejutibas sindroms (complete androgen insensitivity
syndrome, CAIS), kad. individs ar viriSko kariotipu 46,XY androgénu receptoru trikuma
dg] embrionlas attistibas laika attistas pec sieviska tipa ar raksturigdm argjam sieviskam
dzimumpazimém. Otrs ir variants, kad mutacijas géna AR izraisa dal&ju androgénu
nejutibas sindromu (partial androgene insensitivity syndrome, PAIS). Saja gadijuma
personas fenotipa var dominét sieviskais tips, var sastapt gan viena, gan otra dzimuma
anatomiskds struktiiras, vai ari tas var izpausties péc viriSka tipa. Siem virieSiem
raksturigs mazs dzimumloceklis, nepareiza urinizvadatveres lokalizacija, kriptorhisms,
dajéji vai pilnigi attistitas Volfa vadu struktiras (atkarigs no androgénu receptoru
nejutibas). Vieglaka 4R mutaciju izraisita viriesu neauglibas forma ir vaja androgenu
nejutiba (mild androgen insensitivity, MAIS). So fenotipu dazadiba ir saistita ar variablu

trinukleotidu polimorfismu géna AR (Vogt et al., 2004).
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1.3.3.2. Génu FSHR un LHR lokuss

Gonadotropini — folikulus stimul&jo$a hormona (FSH) un luteniz€&josa hormona
(LH) receptori — pieder ar G-proteinu saistTto receptoru saimei. Receptoriem raksturigs
liels ektacelularais doméns, kas saista FSH un LH hormonus. Proteina transmembranu
dalu veido septinas reizes plazmatisko membranu k&rsojoss transmembranas doméns,
kas saistds ar intracelularo doménu, kas savukart savienots ar G-proteinu. So receptoru
darbiba iedarbina adenilatciklaces kaskades signalparneses celu. Abiem hormoniem ir
[idzigs mehanisms, ka tie piesaistds attiecigam receptoram un aktivé G-proteiinu, kas
norada uz $o hormonu kod&joo génu kopigu izcelsmi un funkcionalo saistibu. To pierada
ar tas,"ka abu génu (FSHR un LHR) homologie rajoni atrodas cilvéka 2. hromosomas
isaja pleca (2p21) un tiem ir l}dziga eksonu struktiira. FSHR ekstracelularo doménu kodé
géna FSHR 1. — 9. eksons, savukart géna LHR 1. -10. eksons kodé LHR ektracelularo
doménu. Ari transmembranas doménu kodé abu génu garakais un pedgjais eksons (1251
nt FSHR; 1200 nt LHR). Interesanti, ka daZadi spermatogenézes un virie$a auglibas
trauc&jumi diagnosticéti virieSiem, kas homozigotiski pec A189V mutacijas géna FSHR
7. eksona (Aittomaki et al., 1?98). Lidz ar to aktudls ir jautdjums par FSH hormona un
géna FSHR nozimi spermatogenézes iniciacija. FSH/FSHR darbiba ir nepiecie§ama, lai
palielinatu seklinieku lielumu, tadu spermatogenéze var notikt arf smagas FSH nejutibas
gadljuma, ja testosterona produkcija ir normala. Sie novérojumi tika apstiprinati,
inaktivéjot génu FSHR un FSH pelu modeleksperimentos (Abel et al., 2000). Izmaipas
virieSu auglibas statusd nenovéroja ari, veicot géna FSHR viena nukleotida polimorfismu
(single nucleotide polymorphism, SNP) analizi. P&tTjuma tika analizeti trTs polimorfismi —
viens promotera rajona un divi 10. eksona, kas ietekm& FSH limeni sievietém, bet
virie§iem minétie SNP neparadija nekadu efektu (Simoni et al., 2002).

Daudzas géna LHR mutacijas ir iemesls pilnigai vai dal€jai LH hormona nejutibai
un ir saistitas ar dazadam virisko gonadu anomalijam (Sultan & Lumbross, 1998). VirieSu
neauglibas iemesls ir traucéta viriska dzimuma attistiba embrionala un pubertates laika,
kas izpauZas ka viriskais pseidohermatofroditisms.

Ar dzimumu ierobeZota agrina pubertdte viriSkiem individiem ir novérota
pacientiem ar agrini aktivétu LH signala transdukcijas celu (Sultan & Lumbross, 1998).
So patologiju ierosina divas géna LHR muticijas (D578G un MS571I), kas lokalizetas
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pormona receptora sestaja transmembranas doménd. LHR mutaciju un patologisko
fenotipu varidciju raksturs ir lidzigs ka androgéna receptora géna mutaciju gadijuma
(aprakstis ieprieks).

Virie$u neauglibu, kuras iemesls ir tikai gonadotropinu génu mutacijas, sastop
reti. FSH un LH ir heterodimériskas molekulas, kuram kopiga o subvieniba (kopiga ari ar
horiongonadotropinu, tiroidstimul&joSo hormonu) un specifiska 3 subvieniba. Géns, kas
kods kopigo o subvienibu, atrodas 6. hromosoma (6q12-21). FSH B subvienibu kode
géns, kas lokalizets 11. hromosoma (11p13), un LH B subvienibu — géns, kas atrodas 19.
hromosoma (19q13.32). FSH ir nepiecieSams Sertoli 3tinu proliferacijai un spermas
kvalitafes saglabasanai séklipiekos. FSH darbiba varétu bit dazada peles un cilveka
dzimum3iings, t3 ka viriesiem ar FSH-B mutaciju novéro azoospermiju, bet péc FSH-B
mutdcijas homozigotiskam pelém raksturigi mazi séklinieki un oligozoospermija, tacu tas
ir augligas. Literatiira aprakstita tikai viena LH-B géna mutacija, kas ir saistita ar virie$u

neauglibu (Acherman et al., 2001).

1.3.3.3. Géna KAL-1 lokuss -

KAL-1 lokuss atrodas X hromosoma (Xp22.3) (Del Castillo et al., 1992). Géns
KAL-1 netiek inaktivéts- X hromosomas inaktivacijas procesa, un $im génam Y
hromosoma atrodas ti nefunkcionals homologs. Géna KAL-1 seciba ir Joti lidziga dazadu
sugu individiem, tai skaita arT Caenorhabditis elegans (Bulow et al., 2002). Iesp&jamam
géna kodstam proteinam anosminam-1 (anosmin-I) ir galvend loma gonadotropinu
atbrivojo$a hormona (gonadotropin-releasing hormone, GnRH) transporta nodro§inasana
pa neironiem un oZas nervu uz hipotalamu. Sis proteins ir Joti lidzigs tadiem proteiniem
ka kinazes un fosfatazes, ka ari citiem proteTniem, kuri iesaistiti nervu $inu adh&zijas un
aksonu izveides nodrofindsana. Lidz ar to iesp&jams, ka génam KAL-I var€tu but
specifiska nozime nervu impulsa parvades kontrolé un ka gonadotropinu atbrivojoSais
hormons var&tu bt atbildigs par reproduktivas funkcijas un seksualas tieksmes regulaciju
(Vogt et al., 2004).

Mutacijas géna KAL-I (delécijas un punktveida mutacijas) (Bick et al., 1992)
izraisa Kallmana sindromu (Kallmann syndrome), kam raksturigs hipogonadotrofais

hipogonadisms un oZas trikums. Ta ka $o sindromu biezak novéro virieSiem (1:10000)
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neka sievietém (1:50000), tad tiek uzskatits, ka iedzimSanas aina ir saistita ar X
promosomu  (KAL-1 lokuss), lai gan ir aprakstiti gadijumi, kad slimiba iedzimst
autosomali dominanti (K4L-2 lokuss) vai autosomali recesivi (KAL-3 lokuss). Slimibas
somali dominantis iedzim$anas ainas molekuldrais pamats ir noskaidrots nesen, kad

auto
atrastas mutdcijas fibroblastu augSanas faktora receptora gé€na (FGFRI1, vai KAL-2
Jokuss), kas lokalizets cilveka 8. hromosomas Isaja pleca (8p11-12) (Dode et al., 2003).
Noskaidrots, ka abu génu K4L-1 un FGFRI ko-ekspresija noverota daZzados embrionalas
attistibas periodos, kas ari liecina par abu proteinu funkcionalo mijiedarbibu. Ta ka
vairaki géni atbild par 1 sindroma attistibu, tad ir griti izskaidrot §1 sindroma genotipa-
fenotipa saistibu. Citi pétijumi parada, ka delécijas géna KAL-1, kas atrodas Xp22.3
rajond, var ietvert arl kadu f)lakuseso§u génu, pieméram, génu DAX-]1. Ta ka DAX-1
mutacijas ir iemesls iedzimtam hipogonadotropam  hipogonadismam  un
adrenokortokotropa hormona deficitam, lidz ar to ari daZiem Kalmana sindroma
pacientiem ar nieru agen€zi var atrast géna KAL-1 mutacijas, kas ietekm& DAX-I géna
ekspresiju (Seminara et al., 2000). Kallmana sindroms ir otrs biezakais virie$u neauglibas
iemesls pec Klainfeltera sindroma. Pacientiem raksturigs pilnigs sekundaro
dzimumpazimju trikums, pa.llielinﬁts kriptorhisma risks, mazs dzimumloceklis un

seklinieku biopsija parada neattistitus sekliniekus (Pittelound et al., 2002).

1.3.3.4. VirieSu neauglibas sindromi ar poligénu iedzimSanas ainu

Vislabakais virie$u neauglibas sindroma piemeérs, kas saistits ar mutacijam
dazados ggnos, ir nekustigu skropstinu sindroms (immotile cilia syndome, primary
ciliary dyskinesia, PCD) vai saukts arl par KarteidZzenera sindromu (Kartagener
syndrome, KS) situs inversus (apgriezts organu novietojums, spogula att€la novietojums)
gadijuma. PCD bieZums ir 1:20000 — 1:60000, bet KS ir bieZak sastopams 1:8000 —
1:25000. VirieSiem ar KarteidZenera sindromu spermatozoidi (to astes) ir nekustigi, un ari
pacientu elposanas ce]os esosas skropstinas ir nekustigas. Nekustibas iemesls ir pilnigs
dineina proteinu (aksonéma pirkstveida izaugumi) trikums, kura normald funkcija ir
izveidot normalu aksonému, t.i. savienot sava starpa skropstipas vai vicipas
pamatelementus — mikrotubujus. Lidz ar to var uzskatit, ka dineIna proteins nodroSina

skropstipu un spermatozoidu astes kustibu. Tatu KarteidZenera sindroma pacientu
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Spermatozoidu skersgriezuma ultrastruktiiras pétfjumi parada, ka $ie defekti ir variabli un
ka arf virieSiem ar KarteidZenera fenotipu spermatozoidu kustigums var nebit traucéts.
pec ciltskoku analizes datiem noskaidrots, ka KS iespéjama autosomali recesiva
jedzim§anas aina, tac“;u ir zigots arT par autosomali dominanta un ar X hromosmu saistita
jedzim3anas tipa iesp&amibu. KarteidZenera sindromam  raksturiga genctiska
heterogenitate, ko nosaka muticijas dazados génos, arT tados, kas iesaistiti viena un taja
pasd genétiskas reguldcijas cela. Cilvéka genoma saistibas analizes (linkage analysis)
pétijumos ir noskaidrots plasais un heterogénais lokuss, kas atbild par PCD sindromu, un
pirmie tris géni, kuru mutdcijas atbild par KarteidZenera sindroma fenotipu. Sie tris géni
ir DNAH 1, DNAHS5 un DNAI{] 1. Gens DNAH] atrodas 9. hromosomas Tsaja pleca (9p13-
21) un kode aksonéma vid&jo jeb intermedialo kedi, géns DNAHS lokalizgjas 3.
hromosomas 1saja pleca un kodé aksonéma smago k&di, un géns DNAHII atrodas 7.
hromosomas Tsaja pleca ( 7p21) un atbild par otras aksonéma smagas kedes izveidi.
Aksonéms sastdv no apméram 250 daZadiem proteiniem, tad€] sagaidams, ka mutacijas
citos génos, kas atbild par dineina proteinu izveidi, arl izpaudisies ka KarteidZenera
fenotips (Blouin et al., 2000; B.artoloni et al., 2002).

Par poligénu iedzim$anas ainu tiek diskutéts arl globozoospermijas gadijuma.
Globozoospermijai rakstU{Tgs, ka spermatozoidu galvipa ir apala (normali ir ovala) un ir
novérojamas izmainas akrosoma. Apalgalvaino spermatozoidu skaits spermatogramma
varié no 14 1idz 71%. Zinami divi globozoospermijas tipi. Pirmajam tipam raksturigs
pilnigs akrosomas un akrosomalo fermentu triikums un sférisks hromatina izvietojums
kodola. Sadi spermatozoidi nav spéjigi penetrét ol§unas zona pellucida slani, kas art ir So
pacientu neauglibas iemesls. Otra tipa gadfjuma novéro nelielu akrosomas aktivitati un
fragment&tu kodolu, ko appem citoplazmas pisli§i. Pétot apalgalvaino spermatozoidu
genétisko materialu, izmantojot FISH metodi, ar attiecigdm zondém tika iezimetas (13.,
15., 18, 21., X un Y) hromosomas, kuras biezak novéro hromosomu neatie$anas
gadfjumos. Dazi autori atkldja palielinatu hromosomu aneiploidijas gadijumu skaitu
(Carell & Liu, 2001) globozoospermijas pacientiem, savukart citos petjjumos tas netika
novérots (Vicari et al., 2002). Neskatoties uz $Im at3kiribam, visos péttjumos ir novérots
palielinats spermatozoidu hromatina struktiiras bojajumu skaits, kas liecina par augstu

mutaciju nastu %o pacientu spermatozoidu kodolu DNS.




Génu INSL3 un LGR8-GREAT lokuss un kriptorhisms. Géni /NSL3 un LGRS-
GREAT ir iesaistiti seklinieku noslidé$anas molekuldrajd mehanisma. Séklinieku
noslidédana no védera dobuma seklinieku maisipd notiek divas nesaistitds fazes:
abdomindlaja un cirk’§1;1a fazg. Svarigs veidojums, kas nodrosina séklinieku noslidésanu,
ir mezenhimas audu veidots gubernaculum, kas savieno seklinieku ar cirkspa kanalu. Sis
atrodams sieviSkajiem embrijiem. Ta ka Insl3 proteina trakums pelu teviniem izpauZzas ka
pilaterala seklinieku nenoslidesana (kriptorhisms) (Nef & Parada, 1999), tiek uzskatits, ka
muticijas $aja géna vargtu bit kriptorhisma iemesls arT cilvekam.

Kriptorhisms ir viena no bieZakajam cilveka iedzimtajam anomalijam (2%
jaundzimusiem z€niem).’ Kri;)torhisms var biit iemesls virieSa neauglibai, turklat tas
palielina dzimum3tnu audzgja attistibas risku. Lielakoties kriptorhisma etiologija nav
zinama, un izskatas, ka arT &1 patologija ir genétiski heterogéna. Cilvekiem géns ISL3
atrodas 19. hromosoma (19p13.2). Géns pazistams ari ka relaksinam lidzigais faktors
(relaxin-like factor, RLF) un Leidiga Stnu insulinam lidzigais proteins (LEY I-L) un
pieder insullna/relaksina hormonu virsdzimtai. Gens ISL3 parsvara ekspresgjas Leidiga
§tnds. Géna ISL3 mutacijas ';omér nav bieZi sastopamas pacientiem ar kriptorhismu.
[zmantojot vienpavediepa konformacijas polimorfisma analizi (single-strand
conformational polymorpl;ism, SSCP), tika veikta géna INSL3 kodg&josa rajona mutaciju
analize 145 bijusajiem kriptorhisma pacientiem un 36 kontrolém (pieaugusi viriesi, bez
novérota kriptorhisma). Tika identificétas divas mutacijas, R49X un P69L, un vairaki
polimorfismi (Tomboc et al., 2000).

INSL3 ir ligands LGR8 vienam no nesen identific€tiem, ar G proteinu saistitam
receptoram  (LGR4-8), kas homologs gonadotropina un tirotropina receptoriem.
Transgénam pelém, kuram trikst géns LGRS, arT novéro kriptorhismu. Vel viens pelu
neauglibas géns, ko apzimé ka GREAT (G-protein-coupled REceptor Affecting Testis
descent), tika pétits 61 kriptorhisma pacientam. Saja pétijuma GREAT receptora viend
doména izdevas atrast unikalu missense mutaciju T222P. Divi sekvences varianti 12.
eksona (A/G transversija 957 un 993 nukleotidu pozicija) tika atklati 40 no 61
kriptorhisma pacientiem, tatu arT kontroles grupa paradijas tris daZadi haplotipi (A957 un

A993, A957 un G993, G957 un G993). Nelielais mutaciju skaits génos INSL3 un
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GREAT/LGRS liecina par to, ka $Ts bieZas patologijas c€lonis mekl&jams arT citos génos.
Veicot hromosomu analizi, jau ir atklati dazi kandidatgeni, kuri, iesp&jams, atrodas 1., 2.,
8.,9.,22., X un Y hromosomas (Kumagai et al., 2002).

Miotoniska 1;1usku]u distrofija (DM) ir autosomali dominanta patologija, kas
raksturiga ar pavajindtu muskulu relaksaciju. Galvenais géns, kas 95% gadijumu atbild
par slimibu, atrodas cilveéka 19. hromosoma (19q13.2-3). Ta ka géna kodéta proteina N-
terminalais doméns ir Joti lidzigs cAMP atkarigajai serina-treonina proteinkinazei vai
miotinam-1 (myotonin-1, saukts ar1 par DMPK), tad tiek uzskatits, ka DMPK ir enzims,
kas fosforilé citus proteinus. Miotonisko distrofiju izraisa mutacijas, kuru rezultata tiek
sintezéta defektiva RNS molekula, kas tiek uzkrata $iinas kodola netransléta veida, jo tas
15. eksona ir palielinats CTE} tripletu atkartojumu skaits. Veseliem cilvékiem CTG
atkartojumu skaits varié¢ no 5 1idz 35 kopijam, miotoniskas distrofijas pacientiem ar
viegliem slimibas simptomiem &is skaits ir vid&ji 50, savukart pacientiem ar smagu
slimibas ainu atkartojumu skaits pieaug lidz pat vairakiem tikstoSiem. Sai slimibai
raksturiga anticipacija, ar katru nakamo paaudzi ta k|Gst arvien smagaka un smagaka.
Parasti slimibas pirmas izpausmes paradas jauniba, lai gan ta var sakties jebkura vecuma
un ir Joti variabla slimibas .smaguma zipa. Miotoniskas distrofijas kliniskajai ainai
raksturigas psihes izmah;xa_s, matu zudums, katarakta un neaugliba. Neaugligajiem
pacientiem ar hipogona‘tcﬁsmu parasti novérojamas zemas intelektudlas sp€jas, bet
somatiskie defekti ir vaji izteikti. Lidzigi Kenedija slimibai, kliniski noverojama
dzimumorganu patologija redzama tikai pgc pubertites. Neaugligiem DM pacientiem
raksturiga seklinieku atrofija, libido un potences zudums (Groenen & Wieringo, 1998).
Salidzinot miotoniskas distrofijas pacientu un veselu virieSu spermatozoidu nobrieSanu
un akrosomalas reakcijas ar dazadu diagnostikas metoZu palidzibu, tika noskaidrots, ka
DM pacientu dzimumsfinas ir traucgts nobrieSanas periods un spermatozoidi nespgj veikt
akrosomalo reakciju (Hortas et al., 2000). Abas pieminétds anomalijas izskaidro
miotoniskas distrofijas pacientu neauglibas iemeslu.

DNS polimerazes G (POLG) lokuss un mitohondriala DNS. Cilveka POLG
géna lokuss, kas kodé mitohondrialds polimerazes katalitisko subvienibu, atrodas 15.
hromosomas garaja pleca (15q25) (Zullo et al., 1997). POLG ir vieniga polimeraze, kas
atbildiga par mitohondrialds DNS replikaciju. Proteinam raksturigs poliglutamina trakts,

27




ko kodé vairakas reizes atkartoti CAG tripleti, kas atrodas géna POLG 1. eksond. CAG
arkartojumy skaita polimorfismam, salidzinot ar géna AR polimorfismu, ir daudz mazak
variaciju- Zindms, ka dazadas etniskas populacijis CAG atkartojumu skaits 88%
gadfjumu ir desmit kopijas un (CAG) aleli neatrod tikai 1% individu. Tas liecina par
stipru pozitivo selekciju par labu 3ai alélei. Visas populacijas, kuras veikta géna POLG
analize, mutantais genotips, kad individam nav (CAG)yo alele (apzimeéts “abs!0” POLG-
aléle), bieZak atrasts neaugligiem virie$iem ar viduvéju oligozoospermijas formu (Rovio
et al., 2001).

Veicot neaugligu virieSu, kuru fenotips nav azoospermija, spermatozoidu DNS
analizi; “abs10” POLG-aléles klatbitne tika atrasta 9 no 99 (9%) — 81 aléle atrasta
homozigotiska forma. Bals;oties uz standarta Hardija-Veinberga likumsakaribam,
homozigotisko mutantu “absi0/abs10” genotipa bieZums varetu biit apméram 1,7%. Ta
Ka “abs10/abs10” genotipu (POLG genotips) biezak sastop neaugligiem virieSiem (9%),
tas liecina par absI0 aléles saistibu ar virie3a neauglibu. POLG genotips DNS, kas
izdalita no pacientu asinim vai spermas, bija vienads, lidz ar to tiek izslégta audu
specifiska de novo mutéciju iespgja. POLG aléles ietekmi uz virie$a auglibu apstiprina arl
Sie dati: 35% neaugligu vTrieé.u “abs10” aléle atrasta heterozigotiska stavokli, savukart
augligiem virieSiem aléles‘_‘ biezums ir tikai 18% vai 23% vispariga populacija (Rovio et
al., 2001).

T3 ka mitohondrialai DNS (mtDNS) ir liela nozime spermatogenézes procesa un
spermatozoidu funkciong3ana, ticama ir hipotéze, ka mutacijas, kas uzkrajas mtDNS, var
izraisit mtDNS polimerazes defektus, kas savukart izraisa spermatozoidu diferencéSanas
traucgjumus. Lidz ar to “abs10” POLG aléle negativi ietekm& virisko dzimum§3iinu
diferencésanas procesu, bet citos audos tds kaitigd ietekme nav noverota. DaZadas
populacijas “absl0/abs10” POLG variants biezak atrasts virieSsiem ar vidgjas pakéapes
oligozoospermiju. So virie§u spermas kvalitates raditaji bija zemaki neka piepemts
norma: spermatozoidu skaits bija mazaks nekd 20 miljoni/ml, kustigums mazaks neka
50%, vairak neka 90% spermatozoidu novéroja morfologijas defektus. Petot dazadus
POLG variantus Eiropas populaciju viriskajiem parstavjiem ar videjas smaguma pakapes
oligozoospermiju, “abs10” atrasta 5 — 10% gadijumu virieSiem ar idiopatisku neauglibu.

lespgjams, ka mtDNS polimerazes defektiva replikacijas funkcija rada izmaigas
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Spermatozoidu mtDNS sekvences dinamikd. Spermatozoidu kustigums un citi
spermatozoidu kvalitates raditaji korelé ar neskartu mtDNS sekvenci, turklat neaugligu
yirie$u mtDNS bieZi ir novérotas delécijas (Kao et al., 1998; O’Connell et al., 2000).
Nesen ir noskaidrota asociacija starp astenozoospermiju un mtDNS haplogrupu T, ar
punktveida muticiju mtDNS géna, kas kodé mitohondrialo tRNS (Ruiz-Pesini et al.,
2000). Astenozoospermija sastopama 30% virieSu neauglibas gadfjumu. Lidz ar to visi
geni, kas atbild par mtDNS saglabaSanu un replikaciju, var tikt uzskatiti par virieSu
neauglibas kandidatgéniem. Spermatozoidu kustigums ir atkarigs no ‘mitohondrijos
sara¥otds energijas. Lidz ar to jau sen ir izteiktas hipot€zes, ka traucgjumi spermatozoidu

kaklipa lokalizéto mitohondriju energijas metabolisma arT sekmé viriesa neauglibas
*

attistibu (Vogt et al., 2004).
1.4. Y hromosomas raksturojums

Y hromosoma ir viena no mazakajam cilvéka hromosomam, ta ir ~ 60Mb gara,
kas ir tikai 2% no cilvéka genoma (Quintana-Murci et al., 2001). Lielaka dala Y
hromosomas (95%) sastav no tai unikdlas DNS nukleotidu secibas, kas nav homologa ar
citaim cilvéka hromosomam. So hromosomas daju pienemts saukt par NRY — rajonu, kas
mejozes laikd nerekombingjas ar X hromosomu vai kddu no autosomam. Y hromosomas
is3 un gara pleca galos ir izvietoti pseidoautosomalie rajoni — PAR1 un PAR2 (5% no Y
hromosomas), kas ir X-Y homologie rajoni un var rekombinéties mejozes laika. Geéniem,
kas atrodas PAR rajonos, nav konstatéta saistiba ar cilvéka dzimuma determinéSanu.

Y hromosomas génus péc ekspresijas veida var iedalit divas galvenajas grupas.
Pirmas grupas géni tiek ekspreséti dazados audos, un $iem geniem ir atrasti homologi X
hromosoma. Otras grupas géniem piemit sekliniekiem specifiska funkcija, un tiem nav
homologu X hromosoma. Gandriz visi sekliniekos ekspresétie geni ir sastopami vairakas
kopijas.

Daudzi Y hromosomas pseidogéni (genomiskas DNS secibas, kas péc uzbuves
lidzigas géna secibam, bet tam nepiemit funkcionala aktivitate; tiek uzskatiti par izzuduSu
funkcionalo génu péctediem) ir aktivi X hromosoma (piem., géni STSP, KALP, GYGZ2P).

DaZi no géniem, kas ir aktivi cilvéka Y hromosoma, ir pseidogéni citiem placentaliem
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Lahn & Page, 1997). Hromosomu evoliicijas pétfjumi ir paradijudi, ka daZzi Y

(

hromosomas géni céludies no autosomu géniem retrotranspozicijas rezultata. Tadi ir géns

cDY, kam nav introni, un cits piemérs ir DAZ geni, kas satur intronus. Somainu
autosomalais gens A}VT 3 placentaliem un ari cilvekam atrodams Y hromosomas PARI
rajond (Bachtrog & Charlesworth, 2001). Vislabak izpétitais géns Y hromosoma ir géns
SRY, kas atrodas Y hromosomas Tsaja pleca un ir atbildigs par viriska dzimuma
diferenciaciju embrionalds attistibas laika. Géns SRY tika kartets Y hromosoma ar
molekularam metodém, analiz&jot pacientus ar 46,XY genotipu, bet sievi§ko fenotipu
(Sinclair et al., 1990).

Y hromosomas NRY rajonam raksturiga heterohromatina un eihromatina
mozaikas struktira (1.1. a;t.). Heterohromatina rajoni ir nevienmeérigi izklied&ti
hromosoma: viena dala atrodas centroméras rajona (~ 1Mb) (Tyler-Smith et al., 2003),
savukart otrs heterohromatina bloks (~ 40 Mb) ietver lielako daju no Y hromosomas gara
pleca distala rajona. Sie divi heterohromatina bloki sastav no tandémiskiem
atkartojumiem. PE&dgja laika ir atklats arl treSais heterohromatina bloks — stingri
norobezots, kas stiepjas ~ 400 kb garumd, ietverot sevi vairak neka 3000 tandémiskos
125 bp garus atkartojumus, ta:lde't veida partraucot proksimalo Y hromosomas 1s2 pleca
eihromatina sekvenci (Skgle_tsky et al., 2003). Heterohromatina rajoni netiek Tpasi pétiti,
jo tiek uzskatits, ka tie nésatux génus, un otrkart o kompakto, genétiski neaktivo un
daudzu atkartoto sekventu bagato rajonu izzinaSana sagada lielas griitibas kart€3anas un
sekvenssanas projektos pasreiz lietoto klonéSanas un sekven€Sanas metozu nepilnibu de].
Savukart pétot augju musinas — Drosophila sp. — Y hromosomas heterohromatina rajonu,
ir atklati dazi géni, tadejadi, iespgjams, arl cilvéka Y hromosomas heterohromatina
blokos varé&tu biit géni (Bachtrog & Charlesworth, 2001).

NRY rajona eihromatina dalas sekvence noskaidrota un raksturota 2003. gada
(Skaletsky et al., 2003). NRY eihromatina rajonu piepemts apzimét par virieSiem
specifisko Y hromosomas regionu — MSY (male specific Y chromosome region). Y
hromosoma ir sastopamas tris klaSu eihromatina sekvences: X-transpongtas, X-
degeneratas sekvences un amplikoni. MSY rajona DNS seciba kopuma sastada ~ 23 Mb
(Skaletsky et al., 2003). Visas tris eihromatina klases satur vismaz 156 zinamas

transkripcijas vienibas, no kuram 78 kodg 27 dazadus proteinus. No Siem 27 géniem 16
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ekspres€jas dazados audos, bet 11 ir ekspreséti galvenokart sékliniekos. No 78 proteinus
kodgjosam transkripcijas vienibam 60 ir devigu daZadu NRY specifisku génu saimju
parstaves, katrai no tam raksturiga > 98% nukleotidu identitate (gan introniem, gan
eksoniem) starp saimes parstavjiem, un tie ir sastopami vairakas kopijas. Atlikusas 18
proteinus kodejosas transkripcijas vienibas ir unikalas — atrastas tikai viena kopija NRY
rajona. Par€jas 78 NRY rajona transkripcijas vienibas nav pieraditas ka proteinus
kodgjosas, un daudzas no tam, iesp&jams, ir nekodg&josas. No §im transkripcijas vienibam
13 ir unikalas, un atliku3as 65 veido 15 NRY rajonam specifiskas saimes. Nemot véra abu
veidu transkripcijas vienibas — gan kodgjosas, gan nekod€josds, Y hromosomas
eihromatina rajons satur 24 NRY specifiskas saimes, kas kopa veido 125 no 156 NRY

transkripcijas vienibam.

NRY rajons —

[ L
[

T = . ., eam e 3)
a &R s &R &
[] eihromatins [] X-transponétas secibas  [] amplikonu secibas
& heterohromatins [ X-degienerétas secibas [ palindromi

Il pseidoautosomalie rajoni

1.1. attéls. Y hromosomas strukturila organizicija un tas eihromatina klaSu shema
(p&c Skaletsky et al., 2003; Sadeghi-Nejad & Farrakhi, 2007).

Liclaka dala no X transponétajam (X-transposed region) Y hromosomas
eihromatina sekvencém (99%) ir identiskas ar X hromosoma satopamam sekvencém. X-
transpozoni (~3,4 Mb) savu nosaukumu ieguva pateicoties tam, ka to klatbiitne Y
hromosomas sastava ir hromosomu evoliicijas rezultats, kad pirms 30 — 40 miljoniem

gadu notika liela X hromosomas génu transpozicija uz Y hromosomas NRY rajonu. Péc

31




ko

sslakiem hromosomu evolucijas notikumiem inversijas rezultata NRY 1sa pleca X-
transponétais sekvencu bloks tika pardalits divos nesaistitos segmentos. Sajos segmentos
yobrid ir atrasti tikai divi géni un abiem ir homologi X hromosoma (Xq21). No visam
trim NRY eihromatina klasém X-transponétam secibam raksturigs vismazdkais génu
piivums. Tadu §is secibas ir bagatas ar daudziem atkartotiem elementiem. (Skaletsky et
al., 2003). Pieméram, cilvéka genomam raksturigais LINEI (garais iestarpinatais kodola
clements 1, long interspersed nuclear element 1) atkartojums aizgem 36% no Y
hromosomas X-transponéta segmenta garuma (Venter et al., 2001).

NRY regiona X-degenerctas (X-degenerate region) sekvences satur unikalus —
viena kopija parstavétus génus vai pseidogénus, kuriem ir 60 — 96% homologija ar X
hromosomas sekvencem. §T; klases géni iesp&ams ir evoluciondrais mantojums no
senajam autosomam, kas bija par pamatu X un Y hromosomu izveidei. 13 no 27
proteinus kod&joajiem géniem ir homologi pseidogéniem, kuriem ir X hromosomai
raksturiga intronu un eksonu struktiira. Pargjiem 14 proteinus kodgjoSiem homologi ir
funkcionali X/Y saistitie géni, kas kodg oti lidzigas, bet ne identiskas proteinu izoformas.
Piemé&ram, funkcionalu Y-sa}isﬁto génu RPS4Yl un RPS4Y2 pilnas sekvences ir
homologas ar X-saistito génu RPS4X, bet tie kod€ divas dazadas ribosomala proteina S4
izoformas. Kopuma X—degcneréto sekvendu rajonos lokalizéti 16 no 27 Y hromosomas
géniem, kas kodé dazadus protelnus. Svarigi, ka So sekvenéu rajonos atrodas 15 no 16
NRY géniem, kas ekspreséjas dazados audos, savukart no 11 NRY géniem, kuri
galvenokart tiek ekspreséti sékliniekos, tikai viens géns — viriSko dzimumu nosakoS$ais
géns SRY pieder pie X-degenerétajam sekvenceém.

Tresa eihromatina sekvendu klase ir amplikoni (ampliconic region), kas veidoti
no vairakkart pavairotam (amplificétam) sekvencdm (99,9% homologija starp
amplikoniem). Amplikoni evoliicijas gaita ir raduSies génu konversijas (gentiskas
informacijas apmaina, ko nodrosina homologas secibas) rezultata: X-degeneréto génu
(RBMY un VCY) konversija un amplifikacija; autosomas lokaliz&to génu (3. hromosomas
géns DAZ) konversija amplifikdcija; un autosomalo génu (CDY) retropozicija
amplifikacija. Amplikoni ir novietoti septinos segmentos, un to kop&jais garums ir 10,2
Mb. Tie ir izkliedéti Y hromosomas gara pleca eihromatina rajona un isa pleca

proksimilaja dala. No visdm trim eihromatina klasém amplikoni kode vislielako
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qranskriptu skaitu (gan kodgjoSo, gan nekodgjo3o). Ir atrastas devipas atSkirigas NRY-
speciﬁsko proteinu kod&josas génu saimes ar dazadu kopiju skaitu, kas atkartotas divas
kopijas (VCY, PRY), trTjas kopijas (BPY2), &etras kopijas (CDY, DAZ), sesas kopijas
(RBMY), lidz pat 35’kopije'1m (TSPY). So genu kopiju skaits dazadas populacijas var biit
variabls. Kopuma §Ts devipas kod&jo$as saimes ietver aptuveni 60 transkripcijas vienibu.
Turkldt amplikonu sekvences ietver ar vismaz 75 citas transkripcijas vienibas, kas
proteTnus nekode. No $im 75 nekod&josajam transkripcijas vienibam 65 ir 15 NRY
specifisko saimju parstaves, un atlikusas 10 ir sastopamas viena kopija. Kopa amplikonu
sekvences satur 135 no 156 Iidz $im identificétajam NRY transkripcijas vienibam. No
visam trim eihromatina klasém amplikoni satur vismazak atkartotos elementus. Visas
devipas amplikonu rajonos \sastopamas proteinus kodgjosas saimes tiek ekspresétas

galvenokart vai tikai s€kliniekos (Skaletsky et al., 2003).
1.4.1. Y hromosomas Yq11 lokusa raksturojums

Visbiezak virie$a auglibas trauc&umi saistiti ar Y hromosomas parkartojumiem,
kuri ietver Yqll lokusu. Ja;u pirms vairak neka 30 gadiem tika atklats, ka lielas
intersticialas Y hromosomas gara pleca delécijas atrodamas azoospermijas pacientiem
(Tieppolo & Zuffardi, 1976). Pirms pilnas Y hromosomas sekvences noskaidroSanas
veicot azoospermijas pacientu DNS paraugu Y hromosomas MSY rajona riapigu
karteanu, tika noskaidrots, ka delécijas notiek Yqll lokusa jeb AZF rajona (delitets
azoospermijas gadijuma). AZF rajonu sikak iedala AZFa, AZFb un AZFc apaksrajonos
jeb deléciju intervalos AZFa, AZFb un AZFc. Sakotngji tika uzskatits, ka Sie rajoni
neparklajas (Vogt et al., 1996). Péc pilnas Y hromosomas MSY sekvences noskaidroSanas
tika precizéta AZFb un AZFc rajonu lokalizacijas vieta. Sekvences dati parada, ka AZFa
lokuss atrodas Y hromosomas gara pleca 11 segmenta (Yql1) (1.2. attéls) proksimalaja
daja (Yql11.21), savukart AZFb un AZFc rajoni parkldjas un atrodas distalaja segmenta
dala (Yq11.23) (Repping et al., 2002).

Péc Y hromosomas pilnas sekvences analizes (publicgta GenBank datubaz€)
zindms, ka Y hromosomas gard pleca Yqll lokuss parsvara veidots no specifiskiem

atkartoto sekven¢u blokiem (Tilford et al., 2001).
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1.2. att€ls. Y hromosomas strukturala organizacija. Yq11 lokuss un AZF rajoni (péc
Vogt et al., 1996; Foresta et al., 2001; Skaletsky et al., 2003; Sadeghi-Nejad & Farrakhi,
2007). Attela kreisaja pusé paradita Y hromosomas citogenétisko joslu shéma, pa vidu —
Vogt et al ieteiktas AZF rajonu atraSanas vietu att€lojums Y hromosomas deléciju
regionos, pa kreisi Skaletsky et al uz Y hromosomas sekvences datiem balstita AZF
rajonu atra$anas vietu shéma un Y hromosomas palindromu secibu attainojums.

AZFa rajonu veido ~ 1100 kb, un tam raksturigi divi HERV (cilvéka endogéno

retrovirusu, Human Endogenous Retroviral) sekvendu bloki, kas atrodas 700 kb attaluma

viens no otra (Blanko et al., 2000). HERV sekvences ir liela izklied&to atkartojumu
apak3grupa, un tas veido aptuveni 1% no cilvéka genoma. Péc plasu cDNS skriniga

Programmu un AZF génu banka pieejamas AZF sekvences analizes datiem ir noskaidrots,
kadi geni lokalizéti katra AZF rajona (Lahn & Page, 1997; Tilford et al., 2001). AZFa
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rajond atrodas divi géni: USP9Y un DBY. AZFa rajona varétu atrasties arT géns UTY, kas,
péc genctiskas kart€Sanas datiem, atrodams tuvu HERV robeZai AZFa rajona distalaja
daja (Lahn & Page, 1997; Vogt et al., 1997).

AZFb un AZFc rajoni kopa izveido piecus lielus atkartoto secibu blokus, kurus
sauc par palindromiem (apzimé P1, P2, P3, P4 un P5) (1.3. attgls). P1 palindromu (3Mb)
veido pieci dazadi amplikoni. P1 atrodas AZFc rajona distalaja daja un aiznem 2/3 no
AZFc deleciju intervala. (Kuroda-Kawaguchi et al., 2001; Repping et al., 2002). Pargjie
Cetri palindromi (P2 — P5) atrodas AZFb rajona distalaja dala un AZFc rajona
proksifnﬁlajﬁ dala, kas savstarpgji parklajas. AZFb rajona distala dala atrodas P2 (270
Kb), P3 (730 kb) un AZFc rajona proksimalaja dala — P4 (380 kb) un P5 (900 kb)
palindromi. Palindromiskdas DNS struktiiras reti sastopamas eikariotu genoma. Tam
raksturiga nestabilitate, t.i., no paaudzes uz paaudzi tas parmantojas izmaniti (Akgun et

al.,, 1997).

AZF rajoni I AZFb ]
. P3 P1
JS.Z P54 . bbb
Amplikoni | S—— " —  —
] Q
N
Géni E &
1§ 4]

1.3. attels. Y hromosomas AZFb un AZFe rajonu amplikonu sekvenéu attainojums
(pEc Kuroda-Kawaguchi et al., 2001; Repping et al., 2002; Ferlin et al., 2007; Sadeghi-
Nejad & Farrakhi, 2007). Ar nogrieZzniem attéloti AZFb un AZFc rajoni, trekndakam
sarkanam linijam paraditi pieci palindromi (P1 — P5), krasainds bultipas (katra péc sava
krasu koda; péc Kuroda-Kawaguchi et al., 2001) atspogu]o attiecigas amplikonu secibas.

Apméram 94% no AZFc rajona veido neparasti liels skaits dazada izméra
atkartoto sekvenéu — Y hromosomai raksturigo amplikonu. Amplikonus iedala péc
8aruma, tapec katram no tiem dots savs apzimé&jums. Mazakos amplikonus, kuru garums
ir [idz 115 kb, pienemts apzimét par pelékajiem (gray) amplikoniem, savukart lielakos
amplikonus (lidz 700 kb) par dzeltenajiem (vellow) apmplikoniem. Par&jo amplikonu
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svarstas robeZas no 115 1idz 600 kb, un tos sauc par furquoise (tirkizs), green

jzmeri
(apziméjums “g”; zal§), blue (apzim&jums “b”; zils) un red (apzimgjums “r”’; sarkans)

(1.3. attéls). Mingtas amplikonu secibas, iespéjams, radusas daudzu tandému duplikaciju
un inversiju rezultata. Unikdla AZFc rajona DNS struktiira izskaidro Y hromosomas
yql1 lokusa distalas dalas augsto mutaciju biezumu, jo starp identiskiem vienada
virziend verstiem amplikoniem iespgjama homologa rekombinacija. Homologas
rekombinacijas del var tikt zaudeti citas secibas (amplikoni), kas atrodas starp
identiskajiem amplikoniem (Kuroda-Kawaguchi et al., 2001). Biezi Sadas homologas
rekombindcijas noveéro starp Y hromosomas amplikonu b2 un b4 secibam, kas ir iemesls
AZFc rajona delécijai (sikaks apraksts 1.4.2. nodala).

AZFb un AZFc rajona at;odas 24 géni, no kuriem lielaka dala parstavéti daudzas
kopijas, un lidz ar to Saja rajona lokaliz8tas 46 genu kopijas (Simoni et al., 2004).
Unikalaja AZFb deléciju intervala lokalizéti 16 géni: CDY2, CYorfl4, CYorfl5A/B,
EIF1AY, HSFY, PRY, RBMYI, RPS4Y2, SMCY, TTYS, TTY6, TTYY, TTY10, TTYI3,
TTY14, XKRY. Geni, kas apzimeti ar CYorf simbolu, kodé proteinus ar nezinamu
funkeiju, bet géni, kas apziméti ar TTY simbolu, iespéjams, ir RNS kodgjosie géni, jo to
eksonu sekvences atSkiras no te‘im eksonu secibam, kuras satur informaciju par protelnu
sintézi (Lahn & Page, 1997). Geéni CDY2, RPS4Y2, XKRY sastopami vairakas kopijas
AZFb rajona proksimﬁlajé ucrialé. Geni BPY2.1, CDY1.1, DAZI, DAZ2, TTY3.1, TTY4.1,
TTYI7 atrodas Y hromosmas dala, kur AZFb-AZFc rajoni parklajas — AZFb rajona tie
parsvara parstavéti viend kopija, bet AZFc rajond tie parstavéti vairakas kopijas un
izveido AZFc rajonam raksturigas génu saimes. AZFc rajonu veido 12 g&ni un transkriptu
vienibas, kas parstavéti vairakas kopijas, kopa izveidojot 32 kopijas (Repping et al.,
2003). AZFc rajona unikalaja dala atrodas tikai divi géni (CSPG4LY un GOLGA2LY). Y
hromosomas DAZ géni parstaveti Cetras kopijas. DAZ1/DAZ2 génu paris atrodas AZFb-
AZFc rajona, savukart DAZ3/DAZ4 atrodas AZFc rajona unikalaja da]a (McElreavey et
al., 2007).
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1.5. Y hromosomas mikrodelécijas un virieSu neaugliba

Y hromosoma }okalizétajiem géniem ir liela nozime virisko dzimums$inu attistibas
regulacija. Apméram 7% neaugligu virieSu ir sastopamas nelielas delécijas Y
promosoma, kuras piepemts saukt par mikrodel&cijam. Viriska dzimuma nosakoSais géns
_ SRY, kur§ atrodas Y hromosomas Tsaja pleca un nosaka séklinieku diferenciaciju
embrionalas attistibas laika, gandriz vienmér ir neskarts. ST géna izmainas notiek reti, un,
ja notiek, tad tas noved pie viriska dzimuma nomainas pret sieviSko. Y hromosomas
strukturalas izmainas — mikrodel&cijas — novérojamas Y hromosomas garaja pleca un
fenotipa izpauZas ka virie3a neaugliba (Raicu et al., 2003).

Nav Saubu, ka Y hromosomas mikrodelécijas ir saistitas ar spermatogenézes
fraucdjumiem, jo neviena no daudzajiem pétifjumiem tas nav atrastas virie§iem ar
normaliem spermas raditijiem (Krausz et al, 2006). Ta ka daZos gadijumos
spermatozoidi, lai arT samazinata skaita, veidojas arf virieSiem ar Y mikrodel€cijam
(piem., AZFc del&cijas) un apauglo3anas rezultata var iestaties grutnieciba, tad Y
mikrodelécijas labak uzskatit par oligozoospermijas (samazinats spermatozoidu skaits)
vai azoospermijas (spermatozoidu trikums) iemeslu. Turklat viriesa neauglibas fenotips
ir atkarigs no ta, kur§ Y hromosomas AZF rajons ir skarts (Simoni et al., 2004).

Pilna AZFa rajona mikrodelécijas atbild par Sertoli $iinu sindromu (Sertoli cell
only syndrome; izlocitajos séklas kandlipos var atrast tikai pirmé&jas viriskas
dzimum@iinas — spermatogonijus) un azoospermiju (Vogt et al., 1996; Krausz et al., 2000;
Kamp et al., 2001; Kleiman et al., 2001; Hopps et al., 2003). Sis mikrodelécijas dé]
izlocitajos seklas kanalinos spermatozoidi nenobriest un nenoforméjas, un virietim ar o
mikrodgl&cijas veidu nav iesp&jams tik pie p&cnacgja arT ar /CSI tehnikas palidzibu.

Ari pilna AZFb rajona vai AZFb un AZFc rajonu mikrodeléciju gadfjuma
séklinieku histologiska aina pardda SCOS vai spermatogen€zes traucgjumus, kuru
rezultatd attistds azoospermija. Arl 3ajos gadfjumos nerekomende veikt maksligo
apauglosanu (Simoni et al., 2004).

AZFc rajona delécijas raksturojas ar variablu klinisko un histologisko fenotipu
(Reijo et al., 1996; Luetjens et al., 2002; Oates et al., 2002). AZFc rajona del&cijas sastop

Virie§iem ar azoospermiju vai smagu oligozoospermiju, un retos gadijumos tas var biit
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pﬁrmantotas no téva délam dabiga cela. Lidz ar to virietis ar AZFc deléciju var klut par
tevu ar maksligds apaugloSanas palidzibu, ta¢u d€li arT mantos AZFc deléciju un biis

neaugligi (Simoni et al., 2004).
1.5.1. Y hromosomas mikrodeléciju kandidatgéni

Géni, kas lokaliz&ti minétajos tris AZF regionos, kodé RNS saistoSos proteinus un
var biit iesaistiti génu ekspresijas regulacija, RNS metabolisma, RNS proceséSana un tas
transporta caur kodola poram, ka arf RNS splaisinga (Skaletsky et al, 2003).

Vairaki géni, kas atrodas AZF regionos, tiek ekspreséti sekliniekos un tade] var
tikt uzskatiti par “AZF kan(iidétgéniem”. Tom@r, pamatojoties uz neaugligo pacientu
pétijumiem, tikai daZi no minétajiem géniem patie3am var bt atbildigi par AZF fenotipu.

Géns RBMY (RNS-saistodais motivs, Y hromosoma) bija pirmais no AZF
kandidatgeniem, kur¥ tika atklats (izoléts 1993. gadd) un klonéts, izmantojot pacienta
DNS, kura bija Y hromosomas gard pleca proksimala rajona delecija (Ma et al., 1993).
Velak tika noskaidrots, ka patiesiba ta ir génu saime ar 20 — 50 géniem un pseidogéniem,
kas atrodami abos Y hromosc;mas plecos, ieklaujot arf génu klasteri AZFb regiona. So
génu klasteri tap&c nosauca par génu RBMY saimi. P&tot So génu nozimi spermatogengze,
tika noskaidrots, ka tie tiel; ekspreséti sékliniekos izlocitajos s€klas kanalipos tikai virisko
dzimum3iinu priek3te¢os: spermatogonijos, spermatocitos un spermatidas. Génu RBMY
patiesa funkcija virisko dzimums§inu attistiba vél joprojam ir neskaidra. Géni RBMY tiek
uzskatiti par svarigakajiem AZFb regiona kandidatgéniem, pamatojoties, pirmkart, uz to
ekspresiju sekliniekos, otrkart, tapéc, ka to trikums novérots dajai neaugligu pacientu,
un, treskart, $iem géniem ir atklats homologs Rbm géns peles genoma, kura delécija
izraisa peju tévinu neauglibu.

Divus gadus vélak tika identificéts nakamais AZF kandidatgens, kur§ lokalizets
AZFc regiona. Mé&ginot atrast korelaciju starp smagiem spermatogenézes traucéjumiem
un biezam de novo mikrodelécijam Y hromosoma, tika klonéts cits géns, kur§ atbilst Y
hromosomas gara pleca distalas dalas DNS fragmentam (Reijo et al, 1995). S fragmenta
del&cija pirms tam tika novérota pacientam ar azoospermiju. G&nu nosauca par DAZ génu

~ deletéts azoospermijas gadijuma (deleted in azoospermia), un sakotn€ji uzskatija, ka tas
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ir viens gens. Turpmakie pétfjumi pieradija, ka géns DAZ ir multigénu saimes loceklis,
Kas ir vairak neka viena kopija Y hromosoma, respektivi, AZFc regiond (Vogt et al.,
1997). Lidz ar to génu DAZ pardevéja par “DAZ génu saimi”. DAZ génu transkriptu
skaits nav zinams. Iz;naigas DAZ génu kopiju skaita ir pieraditas, izmantojot fluorescento
in situ hibridizaciju, “reala laika” polimerazes kédes reakciju (real time polymerase chain
reaction, RT-PCR) un sekven&u radniecisko variantu analizi (sequence family varinant
analysis, SFV) (McElreavey et al., 2007). L1dz ar to tika pieradits, ka katrs individs satur
divus vai vairakus DAZ génu transkriptu variantus (apak3grupas), kuri at8kiras péc
diviem parametriem: gan p&c kopiju skaita, gan DAZ atkartojumu izvietojuma transkripta.
Sie DAZ transkripti, iespgjams, radusies no viena géna alternativa splaisinga rezultata vai
ari no dazadiem DAZ géniem.‘Tipat ka géns RBMY (AZFb kandidatgeéns), géns DAZ tiek
transkribéts un transléts proteinos tikai viriskajas dzimumstnas: spermatogonijos,
spermatidas un spermatozoidos. Géns DAZ ir atrasts tikai cilvéku, necilvekveidigo
pértiku (baboni un makaki) un cilvekveidigo pertiku Y hromosoma. Visos citos ziditajos
tas ir autosomas lokalizsts géns, kas parstavéts viena kopija. lesp&jams, ka evolucijas
gaita géns DAZ nonacis Y hromosoma no ta autosomala homologa DAZLI, kas atrodas
tre3as hromosomas 1saja plecé.(3p24) viena kopija. A1l géns DAZ nav vienigais géns, kas
atrodams Y hromosomas gara pleca distdlaja dala, tatu fakts, ka bieZi géna DAZ del&cijas
noveérojamas neaugligierﬁ virie§iem, padara $o génu par galveno AZFc regiona
kandidatgenu. Sis fakts tiek apstiprinats ar géna DAZ homologo auglu muSipas
Drosophila neauglibas génu boule, kura mutacijas ir cglonis spermatogenézes
traucgjumiem (Burgoyne et al 1996; Eberhart et al 1996). Turklat samera nesen pieradita
géna DAZ loma spermatogenézé. Cilveka DAZ transgéns (géns, kas ar genétiskas
inZenierijas metodém parnests no viena organisma cita) sp&j da|gji atjaunot peles auglibu,
ja eksperimentos iepriek3 veikta peles homologd géna Dazl inaktivacija (Foresta et al
2001). Bez géna DAZ AZFc regiona karteti vairaki citi géni: CDYI (festis-specific
chromodomain protein Y-1), BPY2 (testis-specific basic protein Y-2), PRY (testis-specific
PTP-BL-related Y protein) un TTY2 (testis-specific transcript Y-2). So génu funkcija nav
zinama, bet tiem ir lidzigas TpaSibas: sastopami vairakas kopijas Y hromosoma, tiek

ekspreséti tikai sekliniekos (Foresta et al., 2001).
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AZFa regiona struktiira un tam raksturigie géni noskaidroti vélak neka AZFb un
AZFc géni, un T regiona analize neaugligos virie3os liecina, ka AZFa kandidatgéni
vartu bt tris (Lahn et al., 1997; Brown et al., 1998). Pirmais géns, kas atklats AZF
rajond un ta delécija éastopama neaugligiem pacientiem, bija géns DFFRY (fat facets-like,
prosophila, Y-linked), kuru vélak pardevéja par USP9Y génu (ubiquitin specific
peptidase 9, Y-linked). Sis géns biitiski atkiras no citiem AZF kandidatgéniem — geniem
DAZ (AZFc kandidatgéns) un RBMY (AZFb kandidatgéns), jo nekodé RNS saistou
proteinu (ka divi iepriek§ mingtie), bet funkcioné ka ubikvitina hidrolaze (ubiquitin
hydrolase). Sis géns ir parstavéts arl viena kopija Y hromosoma, un tam ir homologs géns
X hromosoma, kas X hromosomas inaktivacijas laika sieviskiem individiem netiek
inaktivéts, ka ar tiek ekspre;éts dazados audos (Lahn & Page, 1997). USP9Y aizpem
mazak neka pusi no AZFa regiona, turklat vairakums neaugligu virieSu ar AZFa regiona
deléciju parada tiesi T géna trikumu (Vogt et al., 1996; Foresta et al., 1998; Ferlin et al.,
1999). Nesen tika noskaidrots, ka géna USP9Y delécijas ne vienm@r saistitas. ar neauglibu,
jo tas atrod arf virieSiem ar normalu spermatozoidu skaitu (Luddi et al., 2009; Tyler-
Smith & Krausz, 2009). Delécijas AZFa lokusa korelg ar Sertoli $tinu sindroma pirmo
tipu (dzimumstinu trukums ViS.OS izlocttajos s€klas kanalinos, Sertoli cell only syndrome,
SCOS) un samazinatiem §ékliniekiem (Vogt et al., 1996). Pétijumi liecina par to, ka ar1
citi AZFa rajona geni ~(DBY un UTY) varétu bit atbildigi par spermatogenézes
traucgjumiem (Vogt et al., 2000). Sakotngjie pacientu pétijumi liecinaja, ka USP9Y
deficits ir c&lonis neauglibai un papildus géna DBY (DEAD-box Y RNA helicase) trikums
padara neauglibas fenotipu smagaku (Sargent et al., 1999). Velak veikta daudzpus€ja
génu deleciju (géna DBY) un génu ekspresijas analize |ava izveidot un pilnveidot AZFa
regiona genstisko karti un pieradit, ka DBY ir galvenais kandidatgéns $aja Y hromosomas
regiona (Foresta et al., 2000). ST géna nozime cilvéka spermatogenéze ir apstiprinata,
pamatojoties uz géna DBY homologiju ar peles proteinu PL10, kas tiek ekspreséts tikai

viriSkajas dzimum3inas (Foresta et al., 2000).
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;hromOSGmas mikrodel&ciju raSanas mehanisms

Relativi bieZi Y hromosomas mikrodelgcijas ir de novo notikums, par ko liecina Y
' omai raksturiga spontdna genétiska materidla zaudéSana. Y hromosomas

iates iemesls varétu bat saistits ar lielu atkartoto DNS secibu klatbutni
-_3, Delécijas var notikt k]adainas rekombindcijas rezultatd starp X un Y

homologam vai vienadam sekvenc€m (PAR1 un PAR2 rajoni, X un Y

ssomu homologie géni), vai arT nelidzsvarotu aberaciju de] starp Y hromosomas
romatidam, un, iespgjams, ar DNS polimerazes slideganas“ dé] replikacijas laika
etaze uztver atkartotas sgkvences ka DNS kliidas un izlaiZ jeb parlec tam pari, 11dz
tiek pazaudéti kadi DNS fragmenti) (Raicu et al., 2003).

| Y hromosomas nestabilitati ilustré ari tas, ka Y hromosomas mikrodel&cijas var

yirmantotas no paaudzes uz paaudzi, t.i., no augliga t&va neaugligam délam (Krausz

gjams ari, ka eksiste kads noteikts Y hromosomas haplotips, kas stimulé del&ciju
10s AZF regionos. Tada veida dazi individi varétu bt vairak paklauti de novo

dcijam neka citi (Raicu et al,, 2003). Lidz ar pilnu Y hromosomas sekvences

kaidro$anu tika izprasts arT de novo mutéciju rasanas mehanisms.

AlEls. Y hromosomas pilnu AZF rajonu mikrodel&ciju iespéjamie varianti (p&c
,ef_’m et al., 2004). Shéma atteloti iespgjamo AZF rajonu mikrodel&ciju veidi un to
Mers,
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Vairdkas zinatnieku grupas vienlaikus ir noteiku$as AZFa rajona delEcijas rasanas
mehanismu. Sis delécijas notiek ta sauktajas retrovirusu sekvencés (HERV; bagatas ar
identiskam DNS secibam), kur starp identiskiem viena virziena vérstiem sekvencu
blokiem (HERVyql un HERVyq2) notiek homologas rekombinacijas, kuru rezultata
rodas delécijas (Blanco et al., 2000; Kamp et al., 2000; Sun et al., 2000). Pilnas AZFa
rajona delécijas gadijuma tiek pazaudéts 792 kb liels fragments (1.4. attels), kas satur
abus AZFa rajona neauglibas kandidatgénus USP9Y un DBY. Delécijas, kas skar tikai
vienu no abiem geniem, ir atklatas tikai vienas zinatnieku grupas pétijumos (Foresta et
al., 2000), bet pargjiem vairak neka 1600 pacientiem, kuru paraugus analizgjusas citas
grupas, viena géna delgcija nav novérota. Nav ari iesp&jams paradit, kads ir mehanisms,
kas atbildetu tikai par viena géna deléciju, kas savukart apstiprina to, ka AZFa rajona

delecijas rezultata tiek pazaudéti abi geni (Simoni et al., 2004).

I AZFc 0
AZF rajoni I AZFb 1
P5 P4 P3 P2 P1
Palindromi S — i)
P52 P5.1 b5 b6 bit12h2  gin2 b3 P12 923rg3.  PL1 b4
Amplikoni < E— : R mm— Y N em— ot
s 8 o g §RyY &8
Géni & 5 g 9 5 &2 3 g 3
O (4] Qg ] Qg a
Dslécijas
AZFb delécija
(PS5 I proksimali P1) <— I D E— B
AZFb+c delécija
(P6 I distali P1) & I Sed>
AZFc delacija e .
{b2/bd) L — — Y, S — G o o

L5. attels. Y hromosomas AZFb un AZFc rajonu mikrodeléciju iespeéjamie varianti
(pEc Kuroda-Kawaguchi et al., 2001; Repping et al., 2002; Ferlin et al., 2007; Sadeghi-
Nejad & Farrakhi, 2007).

Pilnas AZFb rajona delécijas rezultata tiek pazaudéts 6,2 Mb (1.4. un 1.5. attels)
liels Y hromosomas fragments, kas satur 32 génu kopiju un transkriptu vienibas.

Delécijas iemesls ir homologa rekombinacija starp P5 palindromu (dzeltenais amplikons
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p5.2) un Pl palindroma (dzeltenais amplikons P1.2) proksimalo dalu (Kuroda-
Kawaguchi et al., 2001; Repping et al., 2002).

Visbiezak sastopamais deléciju veids neaugligu virieSu Y hromosomas ir
klasiskd@s pilna AZFc rajona delécijas (zaudéti 3,5 Mb) (1.4. un 1.5. attels). Delecijas
iemesls ir homologas rekombinacijas starp Y hromosomas zilo (blue) amplikonu b2 un
b4 secibam, respektivi, starp Y hromosomas P3 un P1 palindromiem, kuru rezultatd no Y
nromosomas AZFc rajona pazid 21 géna un transkripcijas vienibu kopijas (Kuroda-
Kawaguchi et al., 2001).

Pilna abu AZF rajonu (AZFb un AZFc) delécija var rasties divu notikumu dg]: ja
notiek homologa rekombinacija starp Y hromosomas palindromu P5 un P1 palindroma
distalo daJu (7,7 Mb delecija; \pazaudétas 42 kopijas) vai ja notiek rekombinacijas starp
palindromu P4 un palindroma P1 distdlo rajonu (7,0 Mb delécija; zaudétas 38 kopijas)
(Repping et al., 2002).

Tatad Y hromosomas unikald atkartoto DNS nukleotidu bagata seciba ir iemesls
spontdnai spermatogengzes nozimigu génu zaudéSanai homologisko rekombinaciju dél,

ki rezultata attistas spermatogenézes trauc&jumi un lidz ar to neaugliba.

1.5.3. Y hromosomas mikrodeléciju biezums

Sobrid zindtniskajos rakstos ir atrodami dati par vairak neka 3000 neaugligu
virieu un 1300 pieraditiem téviem (Ferlin et al., 2007). Apkopojot Sos datus,
mikrodelzcijas atklatas tikai neaugligiem virie$iem, un to bieZums ir ~ 7,3%. Visvairak Y
mikrodelécijas atrastas pacientiem ar azoospermiju — 66%, mazak virieSiem, kuru
spermatozoidu skaits < 5 miljoni/ml — 28%, un 6% gadfjumu virieSiem, kuru
spermatozoidu skaits > 5 miljoni/ml. Sie dati liecina par to, ka mikrodeléciju bieZums
neaugligu virie$u Y hromosomas varétu bit ap 7%. Tadu mikrodel&ciju frekvence varié
dazadas publikacijas no 1% (van der Ven et al, 1998) lidz 55% (Foresta et al, 1998).
Variacijas mikrodeléciju bieuma galvenokart ir saistitas ar dazadiem pacientu atlases
kritérijiem un ar metodologisko pieeju dazadibam (Krausz & Forti, 2006).

Bie¥ak mikrodel&cijas atrod AZFc rajona, kas ir 79% no visam Y mikrodel&cijam,
tad seko AZFb (9%) un AZFb+c (6%) vai arT AZFa+btc (3%) deléciju varianti, reti

sastopamas ari AZFa rajona delécijas (3%) (Simoni et al., 2004).
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1.5.4. Daléja AZFc rajona delécija un Y hromosomas polimorfisms

AZFc rajona dalgjo deléciju izcelsme skaidrojama ar unikalo, Y hromosomai
raksturigo, atkartoto sekvencu bloku klatbiitni AZF rajona (1.3. attls).

Korelacija starp daléju AZFc rajona deléciju un samazinatu spermatozoidu skaitu
(un/vai auglibu) ir neskaidra. DaZas no Sim dalgjam delécijam izmaina normalu
spermatogenézes gaitu, savukart citas virieSa auglibu neietekmé. Tacu 1 korelacija ir
kompleksa un dati, kas vienas populacijas pétijumos parada tieSu korelaciju starp AZFc
rajonﬁ' atrastu noteiktu dajgjas del€ciju variantu, citd populacija var izradities
neinformativi (McElreavey et al., 2007).

Zinams, ka rekombinacijas var notikt starp jebkuru amplikonu pari, kas vérsti
viend un taja pasa virziena, ka rezultata izveidojas invertéto sekvenéu delécija, savukart
§1s delécijas ietekmé& virieSa neauglibu. Izmantojot Sauzerna hibridizacijas jaunakas
metodes, paradits, ka lielakajai dalai virieSu DAZ géni ir parstaveti Cetras kopijas, tacu
neliela dala virieSu (6%) $aja pétjjuma uzradija, ka to Y hromosomas lokalizéti se§i DAZ
géni (Yen et al., 2001).

b2 n3 gl/2 «1/3r2/4 23 Pl.1 b4
=0 R i)

R r‘: ﬁh
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Y hromosomas AZFc rajona amplikonu sekvencu struktlira
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1.6. attgls. Y hromosomas daléjo AZFc rajona deléciju veidi un to rafanas
mehanisma shémas (péc Ferlin et al., 2007). Krasainas bultinas (katra péc sava krasu
koda; pec Kuroda-Kawaguchi et al., 2001) atspogulo attiecigas amplikonu secibas.
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Literatiird aprakstita liela AZFc rajona dal&ja delécija, ko nosauc par gl/g3
deleciju (1.6. attéls), kas ietver u3 sekvenci un divus DAZ génus: DAZ3 un DAZ4
(Femandes et al., 2094). Citas zinatnieku grupas darbs parada, ka S1 delécija ietver arl
génu CDYIb (%0 deléciju par u3-gr/gr). ST delécija, domajams, radusies inversijas
rezultdt, skarusi secibu, kas atradas starp b2/b3 amplikoniem, kam sekoja rekombinacija
starp g1 un g3 secibam, un rezultata notika invertétas secibas un DAZ3/4 rajona delécija
(Machev et al., 2004).

Otrs ¥1s delécijas raSanas variants var€tu but gr/gr inversija (gl, rl, r2
rekombingjas ar r3, r4, g3), kam seko b2/b3 delécija (Repping et al., 2004). Domajams,
ka pastiv abi mutaciju raSanas celi. Veicot interfazes kodolu analizi virieSiem, kas
parstavéja 44 daZadas Y hrorr;osomu linijas, 4 no 44 individiem satur€ja gr/gr inversiju,
bet 3 no 44 Y hromosoma novéroja b2/b3 inversiju (Repping et al., 2004). Sis delécijas
(iespejami tris nosaukumi g1/g3, u3-gr/gr vai b2/b3) de| tiek pazaudéta licla dala AZFc
rajona, kas ietver 12 génus vai transkriptus, kuri ekspresgjas sekliniekos. Lidz ar to rodas
jautajums, cik nopietna ietekme 3ai del&cijai ir uz virie$a auglibu. Tas bieza sastopamiba
dazas populacijas liecina par to, ka 31 delécija varétu biit polimorfisms ar nelielu efektu uz
auglibu vai ari tai nav nekadas ietekmes (McElravey et al., 2007).

Otras lielas AZFc E?Ljona dal&jas delécijas rezultata (1.6. attels) tiek pazaudéts 1,6
Mb segments, kas satur divas citas DAZ génu kopijas (DAZI un DAZ2). St delécija
sakotngji atklata pieciem no 63 oligozoospermijas paraugiem, bet 107 augligu virieSu
kontroles grupas paraugi So deléciju neuzradija, kas var&tu liecinat, ka DAZI un DAZ2
génu zudums ir célonis samazinatam spermatozoidu skaitam $o oligozoospermijas
pacientu gadijuma (Fernandes et al., 2002). P& tam, kad citi zinatnieki So deléciju
novéroja 22 individiem no 689 analizétajiem virieSu DNS paraugiem, tiek piepemts
delécijas apzim&ums — gr/gr delécija (iesp&ami arT §adi nosaukumi: gl/g2, r1/r3 un
12/t4) (Repping et al., 2003). Saja asocidciju petijuma gr/gr delécijas tika atrastas 9 no
237 (3,7%) virieSiem, kuru neauglibas iemesls nav zinims (idiopatiska neaugliba).
Savukart pétijuma analizétajiem 148 virieSu paraugiem, kuru spermatogenéze bija
normala, §1 gr/gr delécija netika atklata. legitie dati liecina, ka gr/gr delécija korel€ ar
samazinatu spermatozoidu veido$anos un ir uzskatdma par nozimigu spermatogengzes

traucgjumu riska faktoru. Tadu 31 asociacija starp gr/gr deléciju un neauglibu nav tik
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yienkar3a. Saja pa¥a pétfjumad autori nosaka katra parauga piederibu noteiktai Y
hromosomas Iinijai vai Y haplogrupai (skatit vélak). Paraugi ar gr/gr deléciju tika atrasti
14 dazadas/neradnieciskas Y hromosomas haplogrupas. Tas norada, ka §1 delécija cilveka
evoliicijas gaita ir notikusi vairakkart. No analizétajiem paraugiem 12 parstavéja D2b
haplogrupu, un visi saturéja gr/gr deléciju, kas varétu liecindt, ka §is delécijas variants ir
raksturigs 3ai haplogrupai. Savukart tas, ka gr/gr delécija bija parstavéta arl citas
haplogrupas, liecina par $1 delécijas veida limitétu ietekmi uz neauglibu (Repping et al.,
2003).

Velak pieradits, ka pacientiem ar samazinatu spermatozoidu skaitu, salidzinot ar
:ndividiem, kam spermas raditaji atbilst normai, bieZak novérojamas ne tikai gr/gr (ictver
DAZI un DAZ2 génus), bet a;i gl/g3 (ietver DAZ3 un DAZ4 génus) delécijas (Ferlin et
al,, 2005). Turklat vel ir daudzi p&tfjumi, kuros neatrod gandriz nekadu vai pilnigi nekadu
korelaciju ar $Tm AZFc rajona daléjam delécijam un traucétu spermatogenézi. T3,
pieméram, etnisko vacieSu populacija petot 348 virieSus ar azoospermiju vai smagu
oligozoospermiju, gr/gr delécijas atrada 4% gadjjumu, un normospermisku virieSu
kontroles populacija gr/gr deléciju bieums bija 1,8%, kas neparada stipru asociaciju
(Hucklenbroich et al., 2005). I:Idzigi rezultati iegliti arf citu zinatnieku darbos (Machev et
al., 2004; Ravel et al., 200‘~6),

Daos gadijumos dalgjas delécijas ir saistitas ar sekundaram Y hromosomas
rajonu duplikacijam. Viend no sakotngjiem AZFc da]&jo deléciju pétijumiem, izmantojot
fluorescento in situ hibridizacijas metodi, analiz&jot 22 virieSu DNS paraugus ar gr/gr
deléciju, divos paraugos atkldja sekundaru duplikaciju (Repping et al., 2004). St
sekundara duplikacija (b2/b4) tika atrasta ar cita pétfjuma, un, iesp&ams, ka §1
duplikacija ir izmainijusi gr/gr delécijai raksturigo neauglibas fenotipu (Machev et al.,
2004). ST ideja talak tika attistita, balstoties uz novérojumu, ka aptuveni 6% gadjjumu
virieSu Y hromosomas DAZ géni ir parstaveti se§as kopijas (Yen et al., 2001). Pec So
pétijumu datiem, ir izteiktas hipotézes, ka gr/gr delécijas var atfistities dzives laika,
padarot augligu virieti — neaugligu. Iesp&jams, ka $Im delécijam liclaka nozime ir nevis
spermatozoidu skaita redukcija, bet gan spermatozoidu kustiguma un morfologija

(McElreavey et al., 2007).
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Lai atrisindtu §is neskaidribas AZFc dalgjo deléciju saistiba ar virieSa auglibu,
nepiecieéami liela méroga pétijumi, kuros izmantotu kliniski labi raksturotus
normospemﬁSku individu un neaugligu — azoospermisku vai oligozoospermisku pacientu
DNS paraugus 1o dazadam etniskam grupam un analizés izmantotu daudzus informativus

A7ZFc rajona markierus (McElreavey et al., 2007).
1.6. Y hromosomas “neauglibas” haplogrupas

Pateicoties tam, ka starp X un Y hromosomam nenotiek (izpemot PAR rajonus)
rekombinacija, Y hromosoma tiek parmantota no téva delam neizmainita veida, 1idz ar to
no paaudzes uz paaudzi tiek nodota viena un ta pati genétiska informacija ar tai
raksturigajiem funkcionalajiem variantiem un neitralajiem  polimorfismiem. Y
hromosomas variantu, kam raksturigi noteikti polimorfismi, kurus var noteikt ar stabiliem
binariem markieriem, tadiem ki viena nukleotida polimorfismi (SNP) vai
insercijam/del&cijam, sauc par Y hromosomas Iiniju vai haplogrupu (Y Hg). Savukart, lai
definétu Y hromosomas haplogrupas apakSvariantus — haplotipus, tiek izmantoti
mikrosateliti, kas ir variabli dazadas populacijas. Daudzi asociaciju pétijumi ir noteikusi
Y haplogrupu izplatibu da¥idds populacijas un arl to biezumu neaugligiem virieSiem
(Krausz et al., 2001a; Arredi et al., 2007; Yang et al., 2008; Krausz et al, 2009). Ir
zinams, ka Y Hg dazadiba ir specifiska noteiktai geografiskai vietai un to daudzveidiba
varis dazadas populacijas (Jobling & Tyler-Smith, 2003). No virieSu neauglibas viedokla,
Sie pétfjumi ir interesanti, jo, iespéjams, varétu identificet Y hromosomas variantus, kas
palielina neauglibas risku, ta saucamas neauglibas haplogrupas.

Ta ka tika noskaidrots, ka visi polimorfie cilvéka Y hromosomas sekvenu
varianti, kurus izmanto populdciju pétijumos, atrodas izklaidus pa visu Y hromosomu un
arT AZF rajona nav atrasti tikai $§im rajonam raksturigi haplogrupu nosakosi polimorfismi,
tad sakotnéji nedomaja, ka Y hromosmas haplogrupas varétu saistit ar samazinatu auglibu
(Carrell, 2007). Sobrid ir zinami daZi izpémumi, kuri nelauj apgalvot, ka ta saucamas
neauglibas haplogrupas nepastav (Vogt et al., 2005).

Jau 1999. gada tika publicéti dati par Italijas populacijas petjjumiem un iesp&jamo

hap10grupas P (Hg P) asociaciju ar neauglibu. Statistiski ticamus rezultatus izdevas
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paradt, pétot P haplogrupas izplatibu. Hg P sastopamiba kontroles populacijas paraugos
bija 42%, savukart neaugligu virie§u paraugos §Is haplogrupas biezums bija 24%
(Previdere et al., 1999). Tadu 3aja pétijuma neaugligu virieSu paraugi galvenokart tika
jegliti no Centralas Italijas, bet kontroles paraugi parstavéja daZadus Italijas regionus.
velak tika veikts petfjums, kura kontrolgrupas paraugi tika izveleti no Centralas Italijas.
Tad Hg P izplatiba abas paraugkopas — gan neaugligu virieSu (26%), gan kontroles grupa
(27%) — bija Joti lidziga un statistiski ticamas at3kiribas neparadija (Tyler-Smith, 2008).

Péatijumos, kas aptvéra vairakus Eiropas regionus (Paracchini et al., 2000;
Quintana-Murci et al,, 2001; Carvalhoet et al., 2003), netika atrasta haplogrupu un
neauglibas korelacija, tatu citi zinatnieki, detalizeti atlasot kontroles un Y mikrodeléciju
paraugus, pétija jau pieminétc: Centralitaliju un novéroja palielinatu saitibu AZFc rajona
dajgjam delécijam ar Y hromosomas haplogrupu E (Arredi et al., 2007). Savukart Kinas
Dienvidrietumu apgabala pétijumos lielaka saistiba tika novérota Hg O* (Yang et al,
2008). Danijas populacija samazinata augliba tika novérota virieSiem ar Hg K* (Krausz et
al., 2001a).

Savukart Japanas popt.llécijﬁ azoospermijas fenotips tiek asociéts ar Hg D2b.
Pétfjums parada, ka virieSiem ar samazindtu spermatozoidu koncentraciju 30 — 40 %
gadijumu ir atrastas gr/g{ delécijas un tas reprezenteé Hg D2b. Tacu, no otras puses,
noverota saistiba starp Hg D2b un samazinatu spermatozoidu skaitu nav parliecinosa, jo
lielaka dala populdcijas parstavju, kas pieder Sai haplogrupai, ir ar normaliem
spermatogenézes raditajiem (40 miljoni mililitrd) (Kuroki et al., 1999; Ewis et al,, 2002).
Citi zinatnieki (Vogt et al., 2005), aplikojot 30 darbu detalizétak, konstaté, ka gr/gr
delécijas un Hg D2b asociacijas pétfjuma autori nav analiz&jusi iespejamo b2/b4
duplikaciju bieZumu Japanas virieSu paraugos. Sim duplikacijam vajadzétu but biezak
sastopamam Hg D2b parstavjiem, jo ieprieks pétijumos (Yen et al., 2001) ir noteikta tieSa
korelacija ar duplikacijam un to ietekmi uz neauglibu. Lidz ar to iesp&jams, ka virieSiem
ar D2b Y hromosomas variantu ir lielaks spermatogen&zes traucgjumu risks neka
virie$iem, kas parstav citas haplogrupas (Vogt et al., 2005).

Ta ka AZFc rajonu galvenokart veido Y hromosomas amplikonu secibas, tad Saja
rajon, ka jau iepriek$ piemin&ts, notiek daudzas inversijas un delécijas. Tiek uzskatits,

ka b2/b3 inversija (gl/gl delécija), pretgji gr/gr inversijai, raksturiga Hg O (Repping et
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al., 2004). Lidzigi genétiskie parkartojumi AZFc rajona, kas rodas gl/g3 rekombinaciju
rezultatd (kuras pamata ir b2/b3 inversija), raksturigi Hg N. Savukart citas zinatnieku
grupas pétijumos noYérots, ka b2/b3 parkartojumi ir sastopami ne tikai Hg N gadijuma,
pet ari virieSiem, kas parstav Hg F* un Hg I (Machev et al., 2004).

Klasiskds AZFc rajona mikrodelécijas (b2b4 delécija) rezultata tiek pazaudeti
devini géni, kas ietver parstavjus no trim génu saimém BPY2, DAZ un CDY1I un fenotipa
gandriz vienmér izpauZas ka spermatogenézes trauc€jumi (Kuroda-Kawaguchiet al.,
2001). Pretgji tam, gl/g3 delecijas (b2/b3 delécijas), kas ir dal&ja iepriek§ min&ta rajona
delécija, rezultata tiek zaud@ti pieci géni no devipiem, kas neatstdj ietekmi uz virieSa
auglibu-(Fernandes et al., 2004; Repping et al., 2004). Ta ka gl/g3 delécijas variants ir
raksturigs virieSiem ar norméiu spermatogenézi, kas parstav Hg N, tiek uzskatits, ka Hg
N parstavjiem, zaud€jot kadus génus no iepriek$ pieminétajam génu saimém, var rasties
b2/b4 delcija, kas noved pie spermatogenézes traucgjumiem (Tyler-Smith 2008).

Y hromosomam, kas pieder pie Hg N3*, raksturigas gl/g3 delécijas, kas norada,
ka $ delécija AZFc rajona ir izc€lusies no viena kopiga senca. L1dz ar to iesp&jams, ka
visas Y hromosomas, kas pieder Hg N, satur 3o deléciju. Ja ta ir, tad iesp&jams diskut&t
ari par Hg N bieZumu un i.zplatibu. Si haplogrupa parstav 12% no visam pasaulé
izplatitajam haplogrupﬁm? un visvairak Hg N ir izplatita Zieme]eiropa, pieméram, ta
sastopama ~52% somu poi)ulﬁcijé, savukart Zieme]azija jakutu populacija tas bieZums ir
~ 86% (Zerjal et al. 1997). Tiek uzskatits, ka kopé&jais Hg N sencis ir dzivojis pirms ~
8800 — 3200 gadiem (Hammer & Zegura, 2002). P&c publicetajiem datiem iesp&ams
secinat, ka, pirmkart, 31 Y hromosomas linija ir vecaka un no reproduktiva viedokla
veiksmigaka un, otrkart, ta parada, ka DAZ3/DAZ4 génu delecijai (gl/g3 delécija) nav
nekadas lomas virie$u neauglibas attistiba. Savukart visas gr/gr delécijas veidojas citu Y
hromosomas AZFc rajona struktiiras parkartojumu rezultdta un atSkiras no Hg N
parstavjiem raksturigas sekvences. Tapéc gr/gr deléciju gadfjuma tas ir raksturigas citam
haplogrupam, bet ne Hg N (Fernandes et al., 2004).

Y hromosomas “neauglibas haplogrupu” pétijumos ir jasastopas ar vairakam
griitibam. Atklati da¥adi Y hromosomas AZFc rajona dalgjo deléciju polimorfismi, kas
atbilst da¥adam haplogrupam, pieméram, D, E, K,O un N, un, iesp&jams, vél citam Sobrid

neidentificétam haplogrupam. Lidz ar to rodas jautdjums, pirmkart: kuri Y hromosomas
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ofni AZF rajona tieSam ir svarigi spermatogenézei un to delecijas patie$am ir c€lonis
;]iniski novérojamai séklinieku patologijai? Otrkart: kuras génu delécijas ir neitralas
(polimorfas)? Treéka'trtp: kuri AZF rajonu géni ietekm@ spermatogen&zes procesus kopa ar
iadiem citiem svarigiem Y hromosomas vai citu hromosomu géniem (arT Vel
nezinamiem), kas atbild par virieda auglibu, ki %o génu delecijas ietekmé viriesa auglibu,
un vai ir iespgjamas 30 variantu atSkiribas starp populacijam (Vogt et al., 2004)?

Cits %o pétijumu klupSanas akmens ir cilveka genoma projekta ieghita Y
promosomas sekvence (references sekvence), kas tiek pemta par pamatu Y hromosomas
polimorﬁsmu un arf $o neauglibas haplogrupu pétjjumos. Noskaidrots, ka Y hromosomas
references sekvence pieder virietim ar nezinimiem auglibas raditajiem un parstav Hg R
(Fernandes et al., 2004). Ja §T\references Y hromosoma butu bijusi Hg N parstave, tad
pitu bijis vieglak spriest par AZFc rajona amplikonu struktiiru, tatu nebitu iesp&jams
izprast AZFc rajona dazados parkartojumu variantus un dal&jas Si rajona delecijas. Sobrid
datu bazé pieejama Y hromosomas references sekvencé triikst ari citi sekvedu regioni, kas
satur informaciju par citim Y Hg (Vogt et al., 2005). Lai novérstu aprakstito problému,
tiek ieteikts sekvengt visu AZFc regionu, ja tas parstav dazadas haplogrupas, 1idz ar to,
iespgjams, ka ST pieeja varétu dot nozimigdku un precizaku informaciju par ST
amplikoniem bagata rajona evoliiciju, funkcionalo un klinisko nozimi (Novaro-Costa et
al, 2007).

Tom@r svarigi atzimét, ka Y hromosomas haplogrupu asociacija ar neauglibu nav
aplikota planveida pétijumos. Ir pétijumi, kuros Y Hg analize veikta neaugligu pacientu
DNS paraugiem un salidzinata ar attiecigaja populacija raksturigiem Y Hg variantiem,
bet statistiski ticama saistiba nav atrasta (Paracchini et al., 2002; Lu et al., 2007) vai, tiesi
pretgji, atrastas nozimigas atSkiribas (Kuroki et al., 1999; Krausz et al., 2001a; Yang et
al., 2008). Jaatzimé, ka daZreiz, atkartojot analizes, nav iespéjams pieradit atSkiribas
(Carvalho et al., 2003). Citas zinatnieku grupas haplogrupu analizi izmanto ka papildu
aspektu, pétot dazadus AZFc rajona dalgjo delgciju variantus (Krausz et al., 2009;
Navarro-Costa et al., 2010).
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1.7. Géns CFTR un virieSa neaugliba

1.7.1. Gena CFTR raksturojums un biezikas mutacijas

Cistiska fibroze (CF), kuras izcelsmé ir iesaistits géns CFTR, ir dzivildzi
samazino§a autosomali recesiva slimiba. Simptomi ir $adi: obstruktiva plausu slimiba,
aizkunga dziedzera darbibas traucgjumi, gastrointestinala trakta obstrukcija, paaugstinata
elektrolitu koncentracija sviedros, virieSiem izpauZas ka seklas vada trikums (vas
deferens) un lidz ar to neaugliba.

'Géns, kas atbild par cistisko fibrozi, pirmo reizi tika identificéts 1989. gada
(Rommens et al., 1989), un tas lokaliz&ts cilveka 7. hromosomas garaja pleca (7q31.2).
CFTR géns ir aptuveni 230 kb gar§ un sastav no 27 eksoniem (1.7. att€ls).

CFTR CFTR CFTR
géns mMRNS proteins

79312/ [

i —
a delF508

ACT TTT GGT

Ile Phe Gly,
— 507 508 509

7. hromosoma

1.7. attels. CFTR géna un ta kodéta proteina shematisks attélojums (modificets pec
Rommens et al., 1989; Zielenski, 2000). Attéla kreisaja puse attélota CFTR géna vieta 7.
hromosoma. Centra CFTR géna shematisks attélojums un CF pacientiem bieZak
satopama mutacija delF508. Labaja pus€ CFTR proteina shéma.

Géns CFTR kodg cistiskas fibrozes transmembranas regulatoro protelnu (cystic
fibrosis transmembrane conductance regulator), kuru veido 1480 aminoskabes. CFTR
Proteins p&c savas funkcijas ir hlora jonu kanals, kas atrodams $iinas plazmatiskaja

membrana. Visvairak Sis proteins tiek ekspreséts plausu, aknu, aizkupga dziedzera un
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jdas $0nas, bez tam virieSiem — séklas izsvied&jvada, séklas puslidu, séklas vada un
seklinieka piedék]a $inds. Mutacijas génd CFTR ir iemesls daZadiem Si proteina
defektiem, kuru d&}] savukart var attistities tadas slimibas ka cistiska fibroze un iedzimts
pilaterals seklas vada trikums (congenital bilateral absence of the vas deferens,
CBAVD) (Harris, 1992).

CFTR proteins péc olbaltumvielu klasifikacijas pieder ABC transporta proteinu
grupai (ATF saistosais proteins). Salidzinot CFTR proteinu ar citiem zinamiem ATF
saistofiem proteiniem, tas sastdv nevis no Cetriem, bet gan no pieciem doméniem —
diviem transmembranu doméniem (MSD1 un MSD2), kas veido hlora jonu kanalu,
diviem nukleotidus saistofiem doméniem (NBD1 un NBD2), kas saista un hidrolizé ATF,
un regulatoro doménu (R) (1.’} . attéls). CFTR proteins ir vienigais zinamais ABC grupas
parstavis, kuram ir regulatorais doméns, kura fosforileéSana vai defosforiléSana nodro$ina
hlora jonu transporta regulaciju $ina (Riordon et al., 1989).

Aptuveni 70% gadijumu cistiskas fibrozes pacientu DNS paraugos atrod tris
nukleotidu deléciju géna CFRT 10. eksona. Sis delécijas rezultata tiek zaudéta
aminoskabe fenilalanins (Phe), kas atrodas proteina sekvences 508. pozicija (1.7. attels).
Lidz ar to $o mutaciju ir piel;l.emts apzimét ka delF508. Normala géna CFTR gadijuma
Stinas citoplazma tiek sir}tezéts pareizs CFTR proteins, kas talak tiek transportéts uz
endoplazmatisko tiklu un rGoldii kompleksu ta talakai proces€3anai. Visbeidzot CFTR
proteins tiek integréts $inas plazmatiskaja membrana un funkcioné ka hlora jonu kanals.
DelF508 mutacijas gadijuma tiek zaudéta aminoskabe fenilalanins, kura normali ietilpst
pirma nukleotidus saisto$a doména (NBD1) sastava. Kad 3ads CFTR proteins ar delF508
mutaciju sasniedz endoplazmatisko tiklu, $iinas kontroles mehanisms atpazist defektivo
proteinu un iznicina to, ka rezultata proteins netiek integréts $linas membrana. Personam,
kas ir homozigotiskas péc §is mutacijas, attistds slimibas smaga forma, jo $inas nav hlora
jonu kanalu. Lidz ar to ir izjaukts natrija un hlora jonu lidzsvars $iinas, kas noved pie
biezas konsistences organisma sekrétu veido$anas un tadu organu ka plausu un aizkunga
dziedzera disfunkcijas. VirieSiem tiek skarta ari reproduktiva sistéma (Harris, 1992).
CFTR mutaciju izplatiba dazadas populacijas ir atSkiriga. Biezak sastopama géna
CFRT mutacija delF508 ir sastopama 70% gadfjumu Ziemeleiropas populacijas, savukart

daudz mazaks §Ts mutacijas biefums ir Austrumeiropas populacijas. Citas biezakas géna
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CFTR mutacijas ari izplatitas dazadas populacijas atSkirigi, un to bieZums ir 1 —2% no

géna CFRT mutacijam (Cuppens & Cassiman, 2004).

Ir zinamas vairak neka 1600 mutacijas geéna CFTR
(http://genet.sickkids.’on.ca/cftr; 2009). Lielaka dala o mutaciju ir radusas viena
qukleotida nomaipas de]. Ir iespéjams, ka vienai un tai paSai personai var bt viena vai
vairakas mutacijas géna CFTR, un, vadoties péc ta, ka 3is mutacijas ir lokalizétas cilvéka
nromosomas, iz3kir heterozigotus, kuriem tikai viena géna CFTR aléle ir notikusi
mutacija, cistiskas fibrozes slimniekus, kas ir homozigotiski p&c viena un ta paSa
mutacijas veida, vai arl kompaunda heterozigotas, personas, kuras slimo ar CF, bet to
hromosomas atrodamas divas daZadas géna CFTR mutacijas.

Mutacijas, kas atkle'ltas‘CFTR géna var iedalit vismaz piecas grupas:

I. Mutacijas, kuru rezultata tiek traucéta CFTR proteina normala izveide
(biosintéze). To iemesls ir nepareizs translacijas terminacijas signals CFTR
mRNS molekula. Zinams, ka puse no géna CFTR mutacijam pieder Sai grupai.
Tadas ir nonsense mutacijas, rimja nobides vai splaisa saita mutacijas, ka
rezultata proteins netiek producéts vai ta koncentracija ir Joti zema.

II. Mutacijas, kas saist.Itas ar defektu CFTR proteina péctranslacijas etapa. CFTR
proteins tiek ve_:_idots, bet nenotiek ta pareiza modifikacija (foldings), un lidz ar
to ari nenotiek proteina nobriesana (glikozilésana). Sadi proteini tiek novirziti
uz endoplazmatisko tiklu, bet netiek transportéti uz $lnas plazmatisko
membranu. Sis grupas biezaka géna CFTR mutacija ir delF508.

III. Mutacijas, kuru dg] tiek traucéta CFTR proteina funkciju regulacija, lidz ar to
$finds ir samazinats aktivu hlora jonu kandlu skaits. CFTR ir nepareizi
aktivéts, jo mutaciju d&] nevar notikt ATP piesaiste un hidrolize NBD
doméniem vai regulatora (R) doména fosforiléSana. Biezaka SIs grupas
mutacija ir missense mutacija G551D.

IV. Muticijas, kuras veicina nepareizu CFTR proteina darbibu, izmainot Cl jonu
vaditsp&ju. DaZas no ¥is grupas muticijam samazina Cl jonu caurlaidibu
(piem., R117H), citas, tiesi otradi, palielina Cl jonu plasmu.

V. Mutacijas, kuru dg] ir traucéta citu jonu kanalu (piem., natrija kanalu) darbiba,

kuru regulacija pastarpinati ir iesaistits CFTR proteins.
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Cistiskas fibrozes fenotipus var iedalit smagajas un vieglajas slimibas formas, kas
atdkiras pec simptomu smaguma pakapes, kura atkariga no CFIR proteina daudzuma, kas
tick ekspreséts Sunas plazmatiskajd membrana. Smagas cistiskas fibrozes formas
genétiské Iimeni satur mutaciju (I, IT vai III grupas), kas véra nemami samazina CFIR
proteina [fmeni, savukart vieglais slimibas fenotips ir saistits ar mutacijam (IV un V
grupa), kas géna CFTR funkcijas un daudzumu ietekmé vieglaka forma (Cuppens &
Cassiman, 2004; Castellani et al., 2008).

1.7.2. Cistiska fibroze (CF) un iedzimts s¢klas vada trikums (CAVD)

Zinams, ka neaugligiem virieS§iem 25% gadijumu novéro azoospermiju. Savukart
no azoospermijas gadijumiem 30% ir reproduktivas sistémas daJu nosprostojuma
rezultats jeb obstruktiva azoospermija, un pargjie gadijumi raksturigi ar primaru
testikularu  disfunkciju (neobstruktiva azoospermija). Turklat 6% obstruktiva
azoospermija ir attistfjusies iedzimta abpusgja seklas vada trikuma dél (congenital
bilateral absence of vas deferens, CBAVD). CBAVD bieZums neaugligu virieSu grupa ir
2% (Chillon et al., 1995).

ledzimts abpuséjs vas deferens trikums raksturigs 100% ar abpuségju s€klinieka
piedeklu (epididymis), seklas vadu (vas deferens) un 80% ar seklas puslisu trikumu.
Cistiskas fibrozes viriska dzimuma pacientiem CBAVD ir sastopams 95% gadfjumu.
Eksperimentos ir novérota ari CFTR proteina ictekme uz séklas izsviedéjvada, seklas
puslidu, seklas vada un séklinieka piedekla distalas dalas attistibu. No kliniska viedokla,
lielai dalai virie$u ar CBAVD novérojami subkliniski cistiskas fibrozes simptomi, tadi ka
nelielas novirzes no hlora jonu normalas koncentracijas sviedros, polipi deguna un
hroniski sinusiti, kas ari sakotngji lika domat par $o abu slimibu saistibu. Aptuveni 70%
CBAVD pacientu ir vismaz viens cistiskas fibrozes simptoms viegla forma, kas apstiprina
ideju, ka CBAVD ir viegla vai nepilniga cistiskas fibrozes forma.

Pamatojoties uz to, ka CBAVD raksturiga kliniska aina ir lidziga tai, kas
novérojama virieSiem, kas slimo ar cistisko fibrozi, tika izteikta doma, ka abu $o Skietami
da¥ado slimibu pamata ir viens un tas pats genétiskais mehanisms. Sis hipotézes

patiesums tika pieradits, atklajot mutacijas géna CFIR ne tikai cistiskds fibrozes
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pacientiem, bet arf neaugligiem virieSiem ar CBAVD.

Cistiskas fibrozes pacientiem géna CFTR abas al€lés atrodas ta saucamas smagas
mutacijas, savukart pacientiem ar mazak smagu klinisko ainu (pieméram, ar normalu
aizkunga dziedzera darbibu un vieglu plausu slimibu) ir sastopama smaga mutacija viena
géna CFTR kopija, bet otra kopija ir viegla mutacija, vai arT §iem pacientiem abas géna
CFTR aléles satur vieglas mutacijas (Chillon et al., 1995).

Volfa vada anomalijas, kas sastopamas abu slimibu — gan cistiskas fibrozes, gan
CBAVD — gadijuma, liecina par vienu un to pasu genétisko c&loni, proti, mutacijam géna
CFTR. Pilns mutaciju skrinings pacientiem ar CBAVD atklaj daZadu, bet parklajoSos
mutaciju spektru, kas parstav CFTR genotipus, kuri ir novéroti arl CF pacientiem
(Philipson et al., 2000). Ta ke'; mutacijas géna CFTR tika atrastas ari CBAVD gadijuma,
tika piepemts, ka arf $aja gadijuma abas géna CFTR kopijas jabut mutacijam, taCu
izradijas, ka vairakuma gadfjumu CBAVD pacientu mutacijas tika atrastas tikai viena
CFTR géna kopija un vél dalai individu mutacijas géna CFRT kodgjosa rajona vispar
netika atrastas (Philipson et al., 2000). Zinatnieku grupa 1996. gada apkopoja informaciju
par 420 publicétiem CBAVD pacientiem un noskaidroja, ka 19% gadijumu $Im personam
sastop divas CFTR mutacijas, 217% individu ir vienas mutacijas nes&ji un 34% mutacijas
nav iesp&jams identificet _(L_issens et al., 1996). Savukart citi zinatnieki sava pétijuma
paradija, ka 60% CBA VD pacientu ir géna CFTR mutacijas nesgji, 20% kompaunda
heterozigoti un 20% gadijumu mutaciju nav izdevies atrast (Phillipson et al., 2000), kas
apstiprina iepriek§ atrasto datu patiesumu. Ari frantu zinatnieku grupa veica lielu
pétjumu 327 CBAVD pacientiem, analizgjot visu géna CFTR kodgjoso rajonu, ka arl
eksonw/intronu robeZsekvences (Claustres et al., 2000). Mutacijas tika atrastas 516
(78,9%) no analizétajiem 654 CFTR géniem, kas parstavéja CBAVD pacientu grupu;
70,95% CBAVD pacientu muticijas tika atrastas abas géna CFTR aléles, 15,90%
CBAVD pacientu muticija tika atrasta tikai viena CFTR kopija, un 13,15% gadfjumu
mutacijas géna CFTR netika atrastas. Pacientiem, kuru géna CFTR abas kopijas tika
atklita mutacija, vismaz viena mutacija parstavéja géna CFTR mutaciju IV vai V grupu,
tatad vieglas mutacijas. Tatu 88% gadjjumu viena géna CFTR aléle parstavéja smago
muticiju klasi, bet otra vieglo, savukart 12% gadijumu abas hromosomas bija lokaliz&tas

vieglds géna CFTR mutacijas. Sie rezultati at¥kiras no cistiskas fibrozes pacientu datiem,
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kur 88% gadijumu slimnieku CFTR génos atrodamas abas smagas mutacijas un apmeram
11% gadfjumu viena géna kopija ir smaga CFTR mutacija, bet otra kopija viegla

(Claustres et al., 2000; Dequeker et al., 2009; Schwarz et al., 2009).

1.7.2.1. Gena CF1R 8. introna poli-T polimorfisms

Ta ka pétijumos (Lissens et al., 1996; Philipson et al., 2000) tika atklati arT tadi
CBAVD pacienti, kuriem mutacijas géna CFTR neizdevas atrast, tad tika izteikta
hipotéze, ka, iesp&jams, ir vél citas mutacijas, kas lokalizétas géna CFTR proteina
nekodgjosajas sekvences (intronos) un kuram ir liela loma CBAVD attistiba. Iespgjams,
ka tiesi 3adu mutaciju dg] CI*:TR protetna daudzums ir samazinats, kas savukart izraisa
seklas vada nosprostojumu, ta¢u CFTR proteina daudzums ir pietiekams, lai citi organi,
kas parasti cistiskas fibrozes gadfjuma ir skarti, var&tu normali funkcionét. Samazinato
CFTR proteina daudzumu varétu izskaidrot ar normala mRNS trikumu. Lidz ar to tika
pievérsta pastiprinata uzmaniba CFTR mRNS pétfjumiem. Normalu individu audos tika
konstatetas dazadas mRNS molekulas, kuram trika 4., 9 vai 12. eksons (Chillon et al.,
1995). 9. eksons kodé da1u<n:o pirma nukleotidus saisto$a CFTR proteina doména. Ir
zinams, ka transkripti bez 9. eksona veido CFTR proteinu, kas nenobriest, un tade] netick
transportéts uz plazmatisi(o membranu (Cuppens et al., 1998). Nepietiekams CFTR
Iimenis izraisa natrija un Gidens reabsorbcijas izmaipas seklinieka piedekla lumena, 11dz ar
to notiek hlora jonu sekrécijas izmaipas, ka rezultata séklinieka piedekli esosais Skidrums
sabiezé un embriondlas attistibas laika tiek traucéta Volfa vadu diferenciacija, kas
nepieciefama séklas kanalu un seklas plsliSu normalai izveidei. Lidz ar to mingtas
parmaipas izraisa neauglibas attistibu (Chan et al., 2009).

Talakos pétijumos tika paradits, ka tas, vai mRNS molekuld bus vai nebiis 9.
eksons, ir atkarigs no variablas timinu sekvences géna CFTR 8. introna beigas (Chu et al.,
1993). 81 sekvence ir zinama ka poli-T seciba (poli-T trakts) un satur attiecigi piecu,
septinu vai devigu timinu atkartojumus (respektivi, ST, 7T un 9T alélés) (1.8. attels). Ta
ka 5T algle ir iemesls samazinatai normala CFTR mRNS veido3anai, 1idz ar to ir pieradita

$1 DNS varianta loma CBAVD patogenéze (Chu et al., 1993).
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9TG-9T tgtgtgtgtgtgtgtgtgtttttttttaaacag

10TG-9T tgtgtgtgtgtgtgtgtgtgtttttttttaaacag
11TG-9T tgtgtgtgtgtgtgtgtgtgtgtttttttttaaacag
10TE-7T tgtgtgtgtgtgtgtgtgtgtttttttaaacag
11TG-7T tgtgtgtgtgtgtgtgtgtgtgtttttttaaacag
12TG-7T tgtgtgtgtgtgtgtgtgtgtgtgtttttttaaacag
11TG-5T tgtgtgtgtgtgtgtgtgtgtgtttttaaacag
12TG-5T tgtgtgtgtgtgtgtgtgtgtgtgtttttaaacag

13TG~5T tgtgtgtgtgtgtgtgtgtgtgtgtgtttttaaacag

’ N CFRT géns
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11TG-5T

.aksons B.eksons 0.eksond 12TG-5T
RN S ERRMMERTL, 13TG—5T 10%

-a

CFTR mRNS bez 9.eksona

1.8. attels. Gena CFTR 8. introna poli-T un poli-TG polimorfisma shematisks
attelojums (modificéts pec Chillon et al., 1995; Cuppens & Cassiman, 2004). Attela
augspuse attélots CFTR géna rajons no 7. lidz 10. eksonam. Pac transkripcijas notiek
splaisings: no CFTR mRNS tiek izgriezti introni un eksoni savietoti kopa (centra pa
kreisi). Splaisinga efektivitate ir atkariga no personas haplotipa (pa labi). Ja mazaks T
atkartojumu skaits un lielaks TG dinukleotidu skaits, tad veidojas mRNS bez 9.eksona un
attiecigi normala CFTR protena koncentracija ir zema.

Liela pétijuma iegiiti statistiski ticami dati, ka CBAVD pacientiem 5T algle ir
Sastopama ievérojami biezak (40,2%) neka vispargja populacija (10,9%). Bet pacientiem
ar vienpusgju aplaziju (congenital unilateral absence of vas deferens, CUAVD) 5T aléle ir
Sastopama retak neka CBAVD gadijuma, bet 3ai sakaribai nav batiskas atSkiribas abas
analizétajas grupas. Turklat 5T aldles biezums azoospermijas pacientiem bez CBAVD bija

Vienads ar vispargja populacija novéroto (Chillon et al., 1995).
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Poli-T trakta 5T aléles variants ir bieZaka mutacija CBAVD gadijumi un tiek
Klasificéta ka viegla géna CFTR mutacija (Chillon et al., 1995; Costes et al., 1995). Ja
pacients ir h0m021gotlsks péc §Ts mutacijas, tad vipa $inas tiek sintez&ts defektivs CFTR
transkripts ar 9. eksona deléciju un lidz ar to CFTR proteins, kas nesp€j veikt savu
funkciju (Chu et al., 1993; Mak et al., 1997; Teng et al., 1997). Eiropas izcelsmes
CBAVD pacientiem 5T mutacija ir sastopama 21% gadfjumu, savukart kontroles grupa
tikai 5% gadTjumu (Cuppens & Cassian, 2004).

Ari ieprieks piepemtais apgalvojums, ka 5T al€le vienmer ir saistita ar CBAVD, it
ipasi, ja ta ir atrodama kompaunda heterozigotam kopa ar smago CFTR géna mutaciju vai
arf homozigotiska forma ar otru tddu pafu 5T aléli, ne vienmer ir patiess, jo ne visi
viriesi, kuri ir kompaunda het;rozigoti péc smagas mutacijas un 5T polimorfisma, cie$ no
CBAVD. Ka pieméru var minét t&vus, kuru bérni slimo ar cistisko fibrozi. Lidz ar to poli-
T trakta ST variantu klasificé ka mutaciju ar nepilnu penetranci (Cuppens et al., 1998).

Papildus izpratne par iespgjamo mehanismu, kas paradija fenotipiskas atSkiribas,
cistiskas fibrozes un CBAVD pacientu gadijuma tika apstiprinatas ar CFTR transkriptu
analizes palidzibu. P&tijuma analiz&ti CFTR transkripti ar dazadu poli-T trakta garumu,
kas iegiiti no veselu individu cieguna glotadas un vas deferens $unam. Ievérojami vairak
defektivo transkriptu tika novérots vas deferens $inas, salidzinot ar ta pafa individa
deguna epitélija $Unam, kurés vairak tika atrasti funkcionali aktivi CFTR transkripti.
Audu specifiskais diferencialais splaisings varétu bt izskaidrojums tam, kapéc CBAVD
pacientiem nav novéroti bojajumi citos organos (Mak et al., 1997).

Parsteidzosi rezultati tika iegiiti, petot vél citas virie$u neauglibas formas, tadas ka
obstruktiva azoospermija vai oligozoospermija, kuru iemesls nav CBAVD. Saja grupa
géna CFTR muticijas/polimorfismi bija parstavéti vairak, neka tika paredzets. Tomer
pretéji CBAVD pacientiem, viriesu DNS paraugos, kas parstavéja obstruktivas
azoospermijas grupu, reti tika atrastas CFTR mutacijas, kas raksturigas CBAVD
gadijuma. Ta ka %aja grupa nenovéro CBAVD raksturigas mutacijas, savukart biezak
sastop dazadus polimorfismus, tika ierosinits, ka tie§i CFTR polimorfismu varianti varétu
biit saistiti ar obstruktivu azoospermiju vai citam ar CFTR saistitam slimibam (Zielenski

et al., 2000).
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1.7.2.2. CFIR géna 8. introna poli-TG polimorfisms

Bez polimorfa poli-T lokusa géna CFTR ir atklati un aprakstiti vairak neka 120
polimorﬁ lokusi (htti)://genet.sickkids.on.ca/cftr; 2009). Dazas no alélém, kas atrastas
polimorfajos lokusos, atrodas eksonos, kas kod& pirmo nukleotidus saistoSo géna CFTR
doménu, kd arl min&to eksonw/intronu robeZsecibas, un biezi sastopamas vispargja
populﬁcijﬁ. P&tijumos noskaidrots, ka TG dinukleotidu polimorfisms (poli-TG trakts) art
saistits ar virieSa neauglibu. Poli-TG trakts arf atrodas 8. introna un ir novietots pirms
poli-T trakta 5° gala, turklat ir iesp&jami dazadi poli-TG polimorfisma (1.8. attéls) alelu
varianti-(Cuppens et al., 1998).

Géna CFTR poli-TG t;akta analize paradija — jo garaka TG atkartojumu sekvence,
jo lielaka iesp&jamiba, ka splaisinga laika tiks izgriezts arT 9. eksons, kas nepiecieSams
normila proteina veidoSanai (Cuppens et al., 1998). Jaatzimé, ka Saja petijuma kvalitativa
un kvantitativa analize tika veikta paraugiem, kas iegliti no pacientiem, kuri cie$ no
hroniska deguna nosprostojuma vai sinusita. Veicot géna CFTR ST aleles asociaciju
analizi, isie TG atkartojumi tika atrasti tikai veseliem cilvekiem, tacu netika atrasti
pacientiem. Iegitie rezultz'iti. parliecino$i apstiprina hipotézi, ka TG dinukleotida
polimorfisms ietekmé CETR proteina izveidi. Bet splaisinga mehanisma molekularie
pétTjumi ir pieradijusi, ka 1;adi no splaisinga iesaistitajiem faktoriem ir mazak efektivi, ja
8. introna poli-TG rajonu veido liels skaits TG dinukleotidu atkartojumu (Pagani et al.,
2000; Buratti et al., 2001).

Poli-T variantu 5T var atrast kombinacija ar TG11, TG12, TG13 alelem (attiecigi
11,12, vai 13 TG atkartojumi). TG12 atkartojumi kombinacija ar T7 aleli — TG12-T7
CFTR haplotips, TG11-T9 haplotips vai TG13 atkartojumi kombinacija ar T5 variantu,
novieto introna/eksona robeznukleotidu mazak labvéliga pozicija un veicina nepareizu
splaisinga norisi. Lidz ar to abi polimorfismi — gan poli-TG, gan poli-T — nosaka CFTR
transkriptu daudzumu, no kuriem tiks transléts funkcionali aktivs CFTR proteins, un
tad8jadi ietekmé hlora jonu transportu $unas, kuras tiek ekspreséts géns CFTR (Cuppens
etal.,, 1998).

Poli-TG polimorfisma varianti nosaka 5T mutécijas — slimibu izraisoSas aleles,

penetranci un slimibas smaguma pakapi. Tadus mutantus CFTR génus, kas satur vairakus
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alelu un/vai polimorfismu kombinaciju variantus, klasificé ka géna CFTR polivariantus.
pieméram, viens tads polivariants ir TG12/T5 géna CFTR haplotips, kas ir biezi atrodams
cBAVD pacientu CFTR génos. Sie géna CFTR polivarinti arl izskaidro faktu, kapec
daziem pacientiem géné CFTR nav iesp&jams atrast klasiskas géna CFTR mutacijas. Ta
saucamais vieglais polivariants TG11-T5 ir reti sastopams CBAVD pacientu DNS
paraugos, savukart TG12-T5 ir bieZakais polimorfismu variants, kas atrodams So pacientu
CFTR génos (Cuppens & Cassian, 2004; Tamburino, 2008; Gallati, 2009). TG13-T5
genotips var izraisit cistisko fibrozi, kurai nav raksturiga aizkupga dziedzera disfunkcija.
Savukart individiem, kas ir kompaunda heterozigoti péc vienas smagas mutécijas un 5T
aléles, pieméram, CF pacientu tévi, 5T aléle bieZi sastopama kopa ar vieglo TG11 aleli.
Tas, ka TG atkartojumu dazldzums nosaka, vai 5T polimorfisms biis patogéns vai
labdabigs, ir pieradits liela internaciondla pétfjuma: 5T alele blakus lielam TG

atkartojumu skaitam pierada asocidciju ar slimibas fenotipu (Groman et al., 2004).
1.7.3. Géna CFTR mutacija R117H un virieSu neaugliba

Salidzinot ar kontroles .popule'tciju, CFTR mutaciju spektrs CBAVD pacientiem un
cistiskas fibrozes slimniekiem ir atSkirigs. Pieméram, CFTR géna IV klases mutacija
R117H vairak sastopamam CBAVD pacientu grupa, bet ne CF personam (Cuppens &
Cassian, 2004). Sis mutacijas bieZzums ir aptuveni 22% CBAVD gadijuma, bet tikai 0,8%
gadfjumu %o mutdciju atrod pacientiem ar klasisko cistiskas fibrozes formu (Gervais et
al., 1999; Philipson et al., 2000).

Dazam géna CFTR muticijam ir novérota korelacija ar konkrétu poli-T
atkartojumu skaitu géna 8. introna. Cistiskas fibrozes gadijuma biezaka mutacija delF508
viennozimigi korelé ar 9T aléli, savukart R117H mutacija sastopama gan ar 5T, gan ar 7T
alg]u variantiem (Chu et al., 1993)

Géna CFTR 4. eksona mutacijai R117H un 8. introna poli-T trakta ST alelei
piemit sinergisks efekts, un to mijiedarbiba nosaka slimibas fenotipu. R117H mutacija
parstav aptuveni 0,8% no visam géna CFTR mutdcijam. R117H ir missense mutacija,
kuras rezultata notieck CFTR proteina transmembrandld doména aminoskabes arginina

nomaina uz histidinu (Sheppard et al., 1993). R117H mutacija p&c mutaciju klasifikacijas
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fiek definéta ka viegla géna CFTR mutacija, jo tas klatbiitne bitiski neizmaina hlora jonu
Kandla aktivitati. Ir zinams, ka individs, kas ir heterozigots pec R117H mutacijas viena
promosoma un heterozigotisks péc ST polimorfisma otra hromosoma (geéni trans
pozicija), nav slims ar tipisko cistisko fibrozi, tau vigam varétu bit atipiska cistiskas
fibrozes forma. Pret&ji ieprieks aprakstitajam, ja personas viena un taja pa$d hromosoma
gena CFTR ir gan R117H muticija, gan 5T aleles variants (géni cis pozicija), tad
izpauZas slimibas smaga forma (Kieswetter et al., 1993). Salidzinot ar So abu mutaciju
bierumu vispariga populdcija un pacientiem ar atipisku cistisko fibrozi, biezak R117H
mutacija un 5T aléles variants sastopams atipiskas CF gadijuma (Pont-Kingdon et al.,
2004). -

Lidz ar to R117H rlmtﬁcija var izraisit gan CBAVD, gan cistisko fibrozi
(Kiesewetter et al., 1993). Ta ka R117H biezak ir saistita ar 5T vai 7T aléli, tad CBAVD
pacientiem R117H mutaciju atrod kopa ar poli-T trakta 5T al&li, kas veido ta saucamo
vieglo R117H-T7 haplotipu. Cistiskas fibrozes pacientiem savukart atrod smago R117H-
T5 haplotipu, bet japiebilst, ka arl R117H-T7 haplotipu var sastapt 'CF pacientu
hromosomis (Cuppens & Cassiman, 2004). Tadgjadi R117H mutacija kopa ar 7T aléli
ietekmé virieSa reproduktivo .sistému un nav pietiekama, lai izraisitu citus cistiskai
fibrozei raksturigus simptomus, turklat 5T aléle pastiprina R117H mutacijas fenotipisko
izpausmi, kuras rezultata attistds cistiska fibroze bez aizkunga dziedzera darbibas

traucgjumiem (Zielenski et al., 2000).
1.7.4. Gena CFTR muticijas un citas virieSa neauglibas formas

Ir publicéti dati par to, ka géna CFTR mutdcijas var but iemesls arl citam
neauglibas formam. Vairaki pétfjumi ir pieradijusi, ka génam CFTR ir ietekme uz
spermatogengzi, savukart citi noliedz 3o faktu (Mak et al., 2000).

Cistiskas fibrozes virieSu seklinieku biopsijas analizé atklatas histologiski
redzamas izmaipas spermatogenézé (Denning et al., 1968; Gottlieb et al.,, 1991).
Seklinieku biopsija tika veikta CF pacientiem, kuri sasnieguSi pecpubertates vecumu.
Biopsijas materiala analize paradija samazindtu spermatozoidu skaitu, ka ar

spermatozoidu morfologijas izmaipas. Turklat CBAVD pacientu gadijuma izmainas
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spermatogenézé netika novérotas. Lidz ar to, ka CF pacientu veselibas statuss ir stipri
zemaks neka CBAVD gadijuma, tiek uzskatits, ka izmainita spermatogenézes aina, ko var

noverot histologiskos izmekl&jumos, ir uzturvielu triikuma, gonadotoksisko medikamentu
(antibiotikas, kortikt;steroidi) vai hroniskas slimibas sekas, nevis spermatogenézes
primérais defekts. Spermatogenézes traucgjumi CBAVD gadijuma var biit saistiti ar
ieilgusu testikularo vadu un/vai seklinieka piedek]a nosprostojumu. To, ka izmainas
spermatogenézé izraisa nosprostojums, apstiprina pétfjumi, kuros analizéta seklinieku
darbiba virieSiem péc vazektomijas veikSanas (Mak et al., 2000).

Grauz&ju spermatogenézes pétljumi parada géna CFIR lomu §1 procesa
regulacija, kas savukart vedina uz domam, ka, iespéjams, génam CFTR tomér ir nozime
spermatogenéze. Grauzgju spérmatoéenézes laika CFTR transkripti atrasti postmejotiskas
spermatidas, kur arl novéro maksimalo géna CFTR ekspresiju. Spermatidas tiek
parveidotas par spermatozoidiem — notiek kodola kondensacija un citoplazmas tilpuma
samazina$anas. Tiek uzskatits, ka citoplazmas zaude3ana notiek, pateicoties intracelulara
iidens reabsorbcijai, un procesa piedalds hlora jonu kanali. Ta ka $is fazes laika géna
CFTR ekspresija ir maksimala, tiek piepemts, ka tomér kadi vieglie, cistisko fibrozi vai
CBAVD slimibu neizraisoSie .CFTR polimorfismi ir iesaistiti citu virieSu neauglibas
formu attistiba (Trezise et al., 1993; Chan 2009). Lidzigi eksperimenti ir veikti ari, petot
CFTR ekspresiju cilvéka ~sékliniekos, tau nav izdevies pieradit to, ka spermatidas ir
fraucéta citoplazmas izzusana (Tizzano et al., 1994; Dube et al., 2008).

Tie$a géna CFTR ietekme uz spermatogengzi ir pieradita arT ar neceréti lielo géna
CFTR muticiju biezumu oligozoospermijas gadijumos (van der Ven et al., 1996; Gallati,
2009). Talu jaatceras, ka samazinatu spermatozoidu daudzumu So virieSu grupa varétu
skaidrot ar reproduktivds sistémas vadu nosprostojumu, bet ne ar defektivu
spermatogenézi (Mak et al., 2000). Daudzi pétfjumi ir veikti, lai noskaidrotu géna CFTR
muticiju saistibu ar citim neauglibas formam. Analizgjot 56 neaugligu virieSu
(neieklaujot CBAVD) DNS paraugus, septipi (12,5%) saturéja vienu CFTR mutaciju
(Traystman er al., 1994). Savukart neliela pétijuma 17 obstruktivas azoospermijas
pacientiem, kuru gadijuma séklas vads un/vai priekSdziedzeris neiztrikst, bet ir
nosprostosts, mutacijas géna CFTR tika identificEtas astopas no 34 (23,5%)

hromosomam. J apiemin, ka pieci no astopiem mutantiem géniem CFTR saturgja 5T aleli
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(Jarvi et al., 1995). Citi zinatnieki vismaz vienu CFTR mutaciju atrod 14 no 80 (17,5%)
jdiopatiskiem neaugligiem virieSiem ar samazinatiem spermas kvalitates raditajiem un
irim no 21 (14,5%) azoospermijas pacientiem bez CBAVD. Pétijuma noteikto mutaciju
piezums bija augste'tk’s neka attiecigo CF mutdciju nes&ju biezums vispargja populacija
(Van Der Ven et al., 1996). Cita pétfjuma niecigs nobriedusu spermatidu skaits séklinieku
piopsijas analize tika konstatets CBAVD virieSiem, kuriem géna CFTR 8. introna ir 5T
aléle, salidzinot ar pacientiem bez §is mutacijas, kas liecina, ka poli-T trakta 5T aléle
varétu ietekm@t spermatogenézes normalu norisi (Larriba et al., 1998). Savukart veicot
gena CFTR mutaciju analizi intracitoplazmatiskas spermas injekcijas (intracytoplasmic
sperm injection, ICSI) kandidatiem, kas parstav oligoastenoteratozoospermijas grupu,
CFRT mutacijas tika atklatas Z‘:etriem no 75 (3%) pacientiem, kas neatSkirds no mutaciju
sastopamibas bieZuma vispar&ja populacija (Tuerlings et al., 1998). Sie pétijumi parada,
ka visiem virie§iem ar azoospermiju biitu ieteicams veikt géna CFTR mutaciju analizi
(Mak et al., 2000; Gallati, 2009). Tomeér géna CFTR mutaciju nozime citas virieSu

neauglibas formas nav 1idz galam skaidra, un tadé] ir nepiecieSami talaki p&tfjumi.

1.8. Maksliga apaugloSana un virieSa neauglibas genétisko faktoru

parmantoSanas risks pécnacejos

Maksligas apauglosanas metodes in vitro apaugloSana ([VF) un
intracitoplazmatiska spermas injekcija (JCSI) ir ieguvuSas lielu popularitati smagas
virie$a neauglibas arsté¥ana. ICSI tehnika ir radikali parmainijusi neaugligu virieSu
arste$anu, Jaujot virietim, kur§ bez 3is tehnikas nekad nevarétu radit savus p&cnacgjus,
klit par tevu. P&cnacgjiem, kas iegliti ar $o metoZu palidzibu, diemZel ir palielinats
gendtisko defektu risks: in vitro mehanisms, kas atlasa vai, tiesi otradi, izsleédz defektiva
spermatozoida izmantoSanu, nav tik precizs ka in vivo; ir zinams, ka ir iesp&jami gametu
fizikalie bojajumi — tadi ka mejotiskas daliSands varpstas bojajums; spermatogen&zes
procesos iesaistito mutanto génu parnese var izraisit somatiskas anomalijas pecnacgjos;
izmainitais hormonu limenis un manipulacijas ar gametam var izraisit aizkavétu DNS
replikaciju, génu muticijas vai mejozes un mitozes traucgjumus; hromosomalas

anomalijas (lai arf nav atrodamas somatiskajas $iinas) biezak sastopamas virieSu
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Spermatozoidos, kas cie§ no azoospermijas vai smagas oligozoospermijas (Chan et al.,
2002)-

Eksisté tris genétiskas anomalijas, kas saistitas ar virieSa neauglibu, un tam ir
j;pievéré uzmaniba,' pirms tiek veikta maksligd apaugloSana. Sis patologijas ir Y
nromosomas mikrodel&cijas CBAVD un Klainfeltera sindroms.

Sakara ar maksligas apaugloSanas tehniku paradiSanos un izmantoSanu praksé ari
spermatozoidi ar Y hromosomas AZFc rajona mikrodel€cijam ir sp&jigi apauglot ovocitus
un ierosindt embrionalas attistibas sakumu. AZFc rajona mikrodel&ciju vertikala parnese
(tiek nodotas, neizlaizot paaudzi, no téva delam) noved pie gimenes neauglibas, jo
mikrodeléciju izraisita neauglfba var tikt parmantota no paaudzes uz paaudzi ar ICS/
procediiras palidzibu (Raicu et al., 2003; Mau-Kai et al., 2008; Poongthai et al., 2009).

Pacienti ar Y hromosomas mikrodelécijam AZFc rajona var izvéleties ICSI ka
arstéSanas veidu, un procediiras efektivitate ipa$i neat3kirsies no tadiem virieSu
neauglibas gadijumiem ka neobstruktiva azoospermija. Tadu ar JCSI palidzibu virieSa
pecnacgjiem (viriska dzimuma) tiks parnestas arl §is Y hromosomas mikrodel&cijas.
Tapéc pacientiem butu jﬁpied@vé iespéja noteikt Y hromosomas mikrodel&ciju klatbutni
Y hromosoma pirms ISCI metodes izmantoSanas. Pacientus vajadz&tu informet par faktu,
ja §ts mikrodelecijas ir atklatas Y hromosoma, tad tas tiks arT nodotas iespgjamam viri¥ka
dzimuma p&cnacéjam (d&lam) un arl pécnacgjam izpaudisies ka neaugliba (Rodavalho et
al., 2008). Japievér uzmaniba ari tam, ka délam neauglibas forma var bt smagaka neka
tévam, jo AZFc rajona delécijam ir tendence klut lielakam no paaudzes uz paaudzi.
Protams, sieviskd dzimuma p&cnicgjs neblis neaugligs. Interesants ir ari fakts, ka
dzimumu attiecibas pécnacgjos, kuru teviem ir Y hromosomas mikrodelécijas, ir
vienadas, kas parada to, ka AZF mikrodeléciju klatbiitne neietekm& Y hromosomas
atieSanu uz gametam mejozes laika (Chan et al., 2002).

ICSI ir vieniga neauglibas arstéSanas pieeja ari CBAVD pacientiem. Ka zinams,
Siem viriediem galvenokart ir obstruktiva azoospermija ar normalu spermatogenézi
sekliniekos. Tadu $o individu spermatozoidu genoma var but mutacijas géna CFTR, kas
palielina ar cistisko fibrozi slima b&ma piedzim3anas risku. Turklat lielaka dala CBAVD
pacientu ir CFRT géna I, II vai III grupas mutaciju (slimibas smagas formas mutacijas)

nesgji, un Iidz ar to mutdcijas parmantojamibas risks ir 50% (1/2). Piepemot, ka vidgji
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populacije’l CF smagas mutiacijas delF508 nes&ju bieZums ir 1/25, tas nozimé, ka risks
pernam mantot o mutéciju no CBAVD pacienta veselas partneres ari ir 50% (1/2), lidz ar
o kop€jais risks (1/2x1/2x1/25), ka $adam parim bids slims béms, ir 1:100
(Saﬁdzinﬁjumam risks CF bérnam kontrolpopulacija ir 1:2500). Lidz ar to, kad tiek veikta
éenétiskﬁ konsultacija, veselajam partnerim biitu japarbauda CFTR mutaciju klatbutne,
un tad varétu precizak spriest par slima bérna piedzimSanas risku. Tau komerciali
pieejamie géna CFTR mutaciju noteik3anas testi parbauda tikai biezakas CFTR mutacijas,
tapéc pastav varbiitiba, ka netiks noteiktas retak izplatitds mutacijas. (Cuppens &
Cassiman, 2004).

Vairakos pétijumos ir noteikta arT CF mutaciju korelacija ar in vifro apaug|oSanas
procediiras  veiksmigumu. Apaugloéanis gadljumu skaits bija ievérojami zemaks
virieSiem ar CBAVD un delF508 mutaciju neka CBAVD pacientiem bez $is mutacijas. Bet
gena CFTR mutacijas neietekméja spermatozoidu funkcijas, ja in vitro apaug|oSana tika
veikta ar mikromanipulacijas palidzibu (Boucher et al., 1999).

Arf R117H mutacija samazina maksligas apauglosanas efektivitati. Petot divus
parus, kur vienam no virieSiem bija R117H, bet otram — R117C mutacija, gritnieciba
neiestajas, neskatoties uz 25 émbriju pamesi devigu ciklu laika. Savukart embriji, kas
iegiiti no kompaunda heterozigotiskiem viriesiem ar delF508/R117H genotipu, raksturigi
ar pietickamu embriju imr;iantﬁcijas biezumu. Tomér biitu nepieciesams lielaks pétijumu
skaits, lai varétu spriest par specifisku CF muticiju korelaciju ar pozitivu vai negativu

ICSI iznakumu (Philipson et al., 2000).
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2. Materials un metodes

2.1. Paraugi

Pétljuma izmantoti 100 neaugligu virieSu DNS paraugi, kas iegiti no 3o

pacientu periférajam asinim (2.1. tabula). Pétljuma ieklautie pacienti bija 24 — 46

gadus veci. Vidgjais neauglibas ilgums bija 4,5 gadi (robezas no 1 lidz 20 gadiem).

Visi pacienti pirms asins parauga nodo3anas tika iepazistinati ar informaciju par

genétiskajiem pétumiem un ir parakstijusi piekriSanas formas. P&tijums ir

apstiprinats Centralaja Medicinas Etikas komiteja.

Pacientu asins parawgi iegiiti, sadarbojoties ar RSU andrologijas laboratorijas

vaditaju un klinikas “Piramida” andrologu Dr.med J Erenpreisu, EGV klinikas arstu

V.Lejinu un VSIA “Bérnu kliniskas universitates slimnicas” Mediciniskas genétikas

klinikas DNS laboratorijas vaditaju N.Propinu un arstiem I. Grinfeldi un J.Baru.

Neaugligo virieSu atlases kritériji bija $adi:

Idiopatiski azoospermijas (nav spermatozoidi), oligozoospermijas (<20x10°
spermatozoidi/ml), teratozoospermijas (anomalijas spermatozoidu kustiguma un
galvinas morfologij‘?})‘ gadijumi;

No pétijuma tika izslegti visi azoospermijas un oligospermijas gadijumi, kuru
iemesls ir izlocito seklas kanalinu trikums (Congenital bilateral absence of vas
deferens, CBAVD) vai nosprostojums, endokrinds sistémas trauc&jumi,

citogenétiska patologija vai kadi citi zinami traucgjumi, kas var izraisit neauglibu.

Kontroles grupam tika izmantoti sekojo3i paraugi no RSU Molekularas genétikas

zinatniskas laboratorijas kolekcijas (1. tabula):

Lai veiktu Y hromosomas haplogrupu salidzinajumu, ka kontroles tika izmantoti
153 virieSu (trfs paaudz&s latviesi, nav radnieciski pa mates un téva liniju) DNS
paraugi;

Lai veiktu géna CFTR poli-T un poli-TG polimorfismu salidzinajumu, ka
kontroles tika izmantoti 60 virie$u (latvie$i tris paaudzes, nav radnieciski pa mates
un téva liniju) DNS paraugi, ka arT 15 DNS paraugi, kas ieglti no cistiskas

fibrozes viriska dzimuma pacientiem.
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7.1. tabula. Parskats par analizétajiem paraugiem

Individu / analizé&to
DNS paraugu skaits

Analizes nosaukums

Analizes metodes

100 neaugligi viriési

Y hromosomas
mikrodeléciju analize

Multipleksas polimerazes kédes
reakcijas (polymerase chain
reaction, PCR)

Y hromosomas
haplogrupu analize

PCR ar tai sekojosu restrikcijas
fragmentu garuma polimorfisma
(RFLP) analizi un DNS sekven&Sana

Y hromosomas haplotipu
analize

Y hromosomas mikrsatelitu (Y-STR
jeb DYS) genotip&3ana

Géna CFTR mutacijas PCR ar tai sekojo3u heterodupleksu
delF508 analize analizi

Geéna CFTR mutacijas PCR ar tai sekojoSu RFLP analizi
R117H analize

Géna CF1TR poli-T un
poli-TG polimorfisma
analize

DNS sekvenéSana

153 viriesi (latviesi tris
paaudzes) — kontroles

grupa -

Y hromosomas
haplogrupu analize

PCR ar tai sekojoSu RFLP analizi un
DNS sekvenéSana

Géna CFTR poli-T un
poli-TG polimorfisma
analize

DNS sekvenéSana

15 viriesi, cistiskas
fibrozes pacienti

Y hromosomas
mikrodel&ciju analize

Multipleksas PCR

Gena CFTR poli-T un
poli-TG polimorfisma
analize

DNS sekvenéSana

2.1.1. DNS izdali§ana

Y hromosomas mikrodeléciju skriningam DNS tika iegiita no pétfjuma izmantoto

neaugligo virieSu periféro asins paraugiem ar Nucleon BACCI komercialo komplektu

(Amersham, USA). Savukart DNS no kontroles grupu parstavju asins paraugiem bija

izdalita ar fenola-hloroforma metodi (un uzglabata RSU Molekularas genétikas

zinatniskas laboratorijas kolekcija).
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2.2. Y hromosomas mikrodel&ciju analize

Y hromosomas mikrodelécijas tika noteiktas ar polimerazes k&des reakcijas
(polymerase chain reaction, PCR) palidzibu, kuras gaita tika pavairoti noteikti
specifiski Y hromosomas regioni.

Analizé tika izmantoti Y hromosomas sekvencei specifiski rajoni (PCR
markieri), kas lauj noteikt Y hromosomas mikrodeleciju klatbitni vai to trikumu
neaugligu viriesu DNS paraugos. Sie PCR markieri tagad tiek devéti ka Y
hromosomas sekvencei specifiski rajoni — STS (sequence target sites), un ar fizikalas
karte3anas palidzibu Y hromosoma tadi ir atklati vairak neka 300. Katrs ST nosaka
zinimu sekvenci genomiskaja DNS, un ta amplifikacija ar PCR palidzibu liecina par
&is secibas/STS klatbuitni Y hromosoma, savukart STS trilkums liecina par delgciju.
STS var biit specifisks génam, géna saimei vai kadai anonimai sekvencei.

Katra PCR tika veikta multipleksa PCR forma. Multipleksais reakcijas formats
ir lietderigs, lai izvairitos no negativa rezultata tehnikas kludas de], jo multipleksa
PCR ietver vairakas iek3gjas kontroles. Ir pienemts, ka iek$&ja AZF mikrodeleciju
PCR kontrole ir géns ZFX/ZFY. Géns ZFX/ZFY izvéléts ka DNS klatbutnes kontrole,
jo ar specifiskiem praimerie;n iespgjams amplificét unikalu sievietes X hromosomas
DNS fragmentu (g€ns ZFX) un ari unikalu virie$a Y hromosomas DNS fragmentu
(géns ZFY). Papildus nei)iecieéamas gan pozitivas, gan negativas argjas kontroles. Par
pozitivo kontroli kalpo sievietes DNS un vesela virieSa DNS paraugs (saturés ZFY,
SRY un visu tris AZF rajonu STS), savukart negativa kontrole ir Gdens. Principa
pietiek ar viena STS analizi visos trijos AZF rajona regionos — AZFa, AZFb un AZFc,
lai noteiktu mikrodelécijas klatbiitni vai iztrikumu kada no $iem regioniem. Tomér
divu STS analize katrda AZF regiona palielina analizes precizitati, jo iesp&jams, ka
delecijas var skart vairakus STS viend regiona. Tapéc ir piepemts, ka, veicot Y
hromosomas analizi, ir jaanalizé vairak neka viens (respektivi, divi) STS katra Y
hromosomas AZF regiona.

Lidz ar to abas multipleksds PCR pavairo piecus fragmentus, t.i., tris AZF
regionu apgabalus un divas kontroles secibas (ZFX/ZFY un SRY). Tadgjadi katra
pacienta Y hromosoma tiek analizéti sedi AZF lokusi: multipleksa A PCR pavairo
AZFa rajona sY84 STS, AZFb rajona sY127 STS un AZFc rajona sY254 ST5,
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savukart multipleksa B PCR pavairo AZFa rajona sY86 STS, AZFb rajona sY 134 STS
un AZFc rajona sY255 ST8S.

Lai pavairotu nepiecieS$amos Y hromosomas rajonus, izmantotas tabula 2.2.
apkopotds praimeru secibas. ZFY un SRY praimeru pari pavairo Y hromosomas un abu
dzimumu specifiskas sekvences, bet par€jie praimeru pari pavairo attiecigos Y
hromosomas AZF rajonus. Tabula apkopotas praimeru sekvences sakotngji ieviesa
M.Simoni ar lidzstradniekiem (Simoni et al., 2004), un tagad $o metodi Eiropas

Andrologijas akadémija ir atzinusi par “zelta standartu” Y mikrodeléciju

diagnosticéSana.

2.2 tabula. Y hromosomas mikrodeléciju analizg lietotie praimeri

Y hr. | Praimera Tm | Amplificéta

rajons | nosaukums Nukleotidu seciba (bp) (°C) | produkta

garums (bp)

ZFY | ZFY-F ACCRCTGTACTGACTGTGATTACAC (25bp) | 61,8 | 495
ZFY-R GCACYTCTTTGGTATCYGAGAAAGT (25 bp)

SRY |SRY-F GAATATTCCCGCTCTCCGGA (20 bp) 59,4 | 477
SRY-R GCTGGTGCTCCATTCTTGAG (20 bp)

AZFa | sY86-F GTGACACACAGACTATGCTTC (21 bp) 58,6 | 320
sY86-R ACACACAGAGGGACAACCCT (20 bp)

AZFa | sY84-F AGAAGGGTCCTGAAAGCAGGT (21 bp) . 160,6 |326
sY84-R GCCTACTACCTGGAGGCTTC (20 bp)

AZFb | sY127-F GGCTCACAAACGAAAAGAAA (20 bp) 55,3 | 274
sY127-R CTGCAGGCAGTAATAAGGGA (20 bp) ‘

AZFb | sY134-F GTCTGCCTCACCATAAAACG (20 bp) 55,3 | 301
sY134-R . | ACCACTGCCAAAACTTTCAA (20 bp)

AZFc | sY254-F GGGTGTTACCAGAAGGCAAA (20 bp) 58,8 | 400
sY254-R GAACCGTATCTACCAAAGCAGC (22 bp)

AZFc | sY255-F GTTACAGGATTCGGCGTGAT (20 bp) 57,8 | 126
sY255-R CTCGTCATGTGCAGCCAC (18 bp)

Multipleksa PCR analize
Multipleksas PCR tiek sagatavotas péc §adas shémas: tiek pagatavots PCR maisijums

(25 pl vienam paraugam), pievienota p&tama parauga DNS. Maisijuma sagatavoSanu
veic sterila boksa, bet attiecigo DNS (50ng) katram paraugam pievieno PCR boksa.
Tad tiek veikta PCR noteiktos temperatiiras parametros (skat. zemak). P&c PCR
iegiitie produkti tiek analiz&ti 6% poliakrilamida géla (PAAG) (skat. 2.8. nodaju).
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PCR maisijums vienam paraugam (kopa 25pl):

PCR maisTjums pl PCR maisijums
multiplekss A reakcijai multiplekss B reakcijai
Destiléts tidens (H,O) 3 Destiléts idens (H,0)
10XPCR buferis af (NH4)2SO4 2,5 10XPCR buferis ar (NH4),SO4
25mM MgCl, 6,5 25mM MgCl,
10mM dNTP 0,5 10mM dNTP
10uM ZFY-F praimeris 1,0 10uM ZFY-F praimeris
10uM ZFY-R praimeris 1,0 10uM ZFY-R praimeris
10uM SRY-F praimeris 1,0 10uM SRY-F praimeris
10uM SRY-R praimeris 1,0 10uM SRY-R praimeris
10uM sY 86-F praimeris 1,0 10uM sY 84-F praimeris
10uM sY86-R praimeris 1,0 10uM sY 84-R praimeris
10uM sY127-F praimeris 1,0 10uM sY134-F praimeris
10uM sY127-R praimeris * 1,0 10uM sY134-R praimeris
10uM sY254-F praimeris 1,0 10uM sY255-F praimeris
10uM sY254-R praimeris 1,0 10uM sY255-R praimeris
5U/ul Taq DNS polimeraze 0,5 5U/ul Taq DNS polimeraze
Uden at¥kaidita DNS matrica (50ng) | 2,0 Udeni atSkaidita DN'S matrica (50ng)
PCR parametri:
Pirmé&ja denaturacija 94°C, 5 miniites
Otrgja denaturacija 94°C, 1 miniite }
Praimera piesaisti$anas (Tm; tabula) 62°C, 1 minite 36 cikli
DNS sintéze 72°C, 1 miniite
Elongacija 72°C, 5 minttes

2.3. Y hromosomas haplogrupu analize
(analize veikta ar L.Pliss un I.Pelnénas palidzibu)

Y hromosomas haplogrupu noteik3anai neaugligu virieSu DNS paraugos tika
lietoti se¥i bialeliskie markieri (2.1. att€ls). Analizé izmantotie bialéliskie markieri
(M9, SRY 1532, M17, Tat, P21, M170) tika izv&leti, pamatojoties uz literatiiras datiem
par Eiropas populacijas raksturigajam Y hromosomas haplogrupam (¥ Chromosome
Consortium 2002; Karafet et al., 2008) un iepriek§&jo pieredzi, veicot Y haplogrupu
analizi etniskajiem latvieS§iem (L.Tim$as Magistra darbs “Y hromosomas NRY rajona
polimorfismu pétijumi latvie$u populacija”).

Saja pétijuma tika noteiktas neaugligu virieSu populacijai raksturigas Y
hromosomas haplogrupas, izmantojot PCR, restrikcijas fragmentu garuma

polimorfisma (RFLP) un DNS sekvené$anas metodi.
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2.1. attéls. Y hromosomas haplogrupu (hg) noteikSanas shéma

»

A ]
2.3.1. Y hromosomas NRY rajona amplifikacija

PCR matrica bija neaugligu viriefu DNS. Bialélisko markieru analizé

izmantotie praimeri, to nukleotidu seciba un piesaistiSanas temperatiira apkopota 2.3.

tabula. NRY rajona sekvence ir iegita Génu bankd (www.ncbi.nlm.nih.gov

/genome/gide/human/Y un Karafet et al., 2008).

2.3. tabula. Y hromosomas NRY rajona analizg lietotie praimeri

Markieris | Praimera_ . Tm | Amplificéta
(izmantotd | nosaukums Nukleotidu seciba (bp) (°C) | produkta
metode) garums (bp)
M9 M9-F GCAGCATATAAAACTTTCAGGA (22) 58 127
(RFLP) | M9-R GTAAGACATTGAACGTTTGAACA (23)
SRY1532 SRY1532-F | TCCTTAGCAACCATTAATCTGG (22) 59 167
(RFLP) SRY1532-R | AAATAGCAAAAAATGACACAAGGC (24)
M17 M17-F CTGGTCATAACACTGGAAATC (21) 58 335
sekvené$ana) | M17-R TGACCTACAATTGAGAAACTC (21)
Tat Tat-F GACTCTGAGTGTAGACTTGTGA (22) 59 112
. (RFLP) Tat-R GAAGGTGCCGTAAAAGTGTGAA (22)
P21 P21-F TAGCCCTTTGTCTTGATTACAG (22) 58 819
| (sekvenglana) | P21-R GTGCTAGGTCCAAATATG (18)
M170 M170-F TGTTTTCATATTCTGTGCATT (21) 58 84
(RFLP) M170-R GACACAACCCACACTGAAAAAGA (23)
PCR analize

Tiek pagatavots PCR maisijums (25 pl vienam paraugam), pievienota p&tama parauga

DNS. Tad tiek veikta PCR noteiktos temperatiiras parametros (skat. zemak). Péc PCR

reakcijas iegiitie produkti tiek analiz&ti 6% PAAG.
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PCR maisTjums vienam paraugam (kopa 25ul):

PCR maisTjums ul
Destiléts adens (H,0) 11
" 10XPCR buferisar (NH4)2SO4 2,5

25mM MgCl, 6,5
10mM dNTP 0,5

| 10uM tieSais praimeris 1,0
10puM reversais praimeris 1,0
5U/ul Taq DNS polimeraze 0,5
Uden atdkaidita DNS matrica (50ng) 2,0

PCR parametri:

Pirmgja denaturacija 94°C, 5 miniites

94°C, 1 minite

59°C, 1 miniite

72°C, 1 minite
72°C, 5 miniites

Otrgja denaturacija
Praimera piesaistianas (Tm; tabuld)
DNS sintéze

Elongacija

} 34 cikli

2.3.2. NRY rajona restrikcijas garuma polimorfisma (RFLP) analize
RFLP metode tika izmantota tajos gadijumos, kad p&tamo paraugu analizgja
attiecigi ar M9, SRY1532, Tat, M170 markieriem, atbilstosi izmantojot katram

markierim savu restrikcijas endonukleazi (restriktazi) (2.4. tabula).

2.4. tabula. NRY rajona RFLP analizé izmantotas restrikcijas endonukleazes

Markieris | Mutacijas | Restriktaze / | RFLP produkta garums (bp) Restrikcijas vieta
vieta buferis ar mutaciju | bez mutacijas
M9 68 C—G Hinfl; R+ 127 68+59 GJANTC
SRY1532 | A35 A—>G | Adel; G+ 167 112+55 CACNNN|JGTG
Tat 28 T—C Hinlll; G+ 85+27 112 CATG|
M170 327 A—C Mnll; G+ 84 70+14 CCTC(N)7|

Restrikcijas shéma vienam paraugam (kopgjais tilpums 10pl):

7 ul PCR produkta

3 pl restrikcijas maisfjuma, kas sastav no:

0,3 ul restrikcijas buferis (skatit 2.3. tabulu)
0,2 pl restriktaze (skatit 2.3. tabulu)
2,5ul sterils Gidens

Sagatavo restrikcijas maisfjumu un pievieno parauga PCR produktu. Paraugus inkub&

2 stundas 37°C. Péc restrikcijas iegitie produkti tiek analizéti 12% PAAG.
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2.3.3. Y hromosomas NRY rajona markieru M17 un P21 sekvenéSana

PCR produkti, kas satur pavairotos M17 vai P21 rajonus, tika sekvenéti. So
markieru sekven&Sanai izmantoti atbilsto3ie reversie (sekvenesanas) praimeri M17-R

un P21-R. Sekvengganas metodes apraksts atspogulots 2.9. nodala.

2.4. Y hromosomas haplotipu analize

Lai noteiktu Y hromosomas haplotipus jeb mikrosatelitu (Y-STR, DYS) al€]u
variantus tika analizéti 12 X-STRs (Promega, ASV).

Sagatavoti MSY rajona 12 Y-STRs produkti tiek analiz&ti ar ABI PRISM 310
genétisko analizatoru (Applied Biosystems, ASV), izmantojot praimeru parus, kuros
tie¥a praimera 5’gals ir ieziméts ar vienu no &etram fluorescgjo3am iezimém.
Fluorescéjoas iezimes un iek3gjais garuma standarts 600 (Internal Lane Standard —
ILS 600) tick iezimé&ts ar CXR fluorescgjoSo krasu. ILS 600 satur 22 DNS fragmentus
— 60, 80, 100, 120, 140, 160, 180, 200, 225, 250, 275, 400, 425, 450, 475, 500, 550 un
600 bazu paru garus. Katrs .ILS 600 fragments tiek iezim&ts ar karboksi-X-rodaminu
(CXR) un noamplificéts Y-STRs lokuss ar vienu no trijam flurescgjo§am krasam. ILS
600 kopa ar ampliﬁcéto paraugu tiek analiz&ts ar ABI PRISM 310 genégtisko
analizatoru. lek$gjais garuma standarts 600 paredz&ts uzneanai katrd ggla bedrite, lai
palielinatu kapilﬁré'ls elektroforézes (CE) un veiktas analizes precizitati. Pirms Y-STRs
detekt&Sanas paraugi tiek denaturéti, kars€jot 3 min 95°C, tad strauji atdzeseti 3 min.

legiitie rezultati tiek apskatiti un analizeti ar programmu Genotyper 3.7
(4pplied Biosystems, ASV) un PowerTyper TM YMacro (Promega, ASYV), nosakot
katra mikrosatelita al€les garumu.

Pacientu Y hromosomas mikrosatelitu dati tika izmantoti, lai noskaidrotu to
piederibu noteiktam Y hromosomas haplogrupam, izmantojot datorprogrammu

(http://www.hprg.com /hapest5; Athey, 2005; Athey, 2006).
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2.5. Géna CFTR mutacijas delF508 noteikSana

(analize veikta ar I.Pranes palidzibu)

Gena CFTR 10. eksona mutacija delF508 noteikta ar heterodupleksu PCR
analizi (Rommens et al, 1990). Lai pavairotu nepiecieS8amo géna CFTR fragmentu,
izmantoti tabula (2.5. tabula) apkopotie praimeri. P&c PCR iegitie produkti tick
analizéti 12% PAAG.

2.5. tabula. Géna CFTR mutacijas delF508 noteikSana izmantotie praimeri

Praimera Tm | Amplificeta

nosaukums . Nukleotidu seciba (bp) (°C) | produkta
garums (bp)

CF1_for TTTTCCTGGATTATGCCTG 59,0 | 101

CF2 rev TCTAGTTGGCATGCTTTGA

Heterodupleksu PCR analize
Katru pacienta DNS paraugu amplifikacijai sagatavo pec Sadas shémas:

a) PCR maisijumam pievieno tikai pacienta DNS (50 ng);

b) PCR maisfjumam pievieno pacienta DNS (50 ng) un normalu homozigotisku
kontroles DNS (50 ng) bez delF508 mutacijas;
¢) PCR maisijumam pievieno pacienta DNS (50 ng) un mutantu homozigotisku

kontroles DNS (50 ng) ar delF508 mutaciju.

PCR maisTjums vienam paraugam (kopa 25pl):

PCR maisTjums pl
Destiléts tidens (H20) a)ll
b) 9
c)9
10XPCR buferis ar (NH4)2SO4 12,5
25mM MgCl, 6,5
10mM dNTP 0,5
10uM tie3ais praimeris (CF1_for) 1,0
10uM reversais praimeris (CF2_rev) 1,0
5U/ul Taq DNS polimeraze 0,5
a) Udenf at3kaidita pacienta DNS matrica (50ng) a)2
b) Udeni at3kaidita pacienta DNS matrica (50ng) un normala kontrole | b) 2+2
¢) Udeni at¥kaidita pacienta DNS matrica (50ng) un mutanta kontrole | ¢) 2+2
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PCR parametri:

pirméja denaturacija 94°C, 5 miniites
Otréja denaturacija 94°C, 1 miniite
Praimera piesaistianas (Tm; tabula) 59°C, 1 miniite } 25 cikli
DNS sintéze 72°C, 1 minite

Elongacija 72°C, 5 miniites

2.6. Gena CFTR mutacijas R117H noteikSana

Gena CFTR 4. eksona muticija R117H tika noteikta ar PCR un tai sekojoSu
RFLP (Boucher et al, 1999). Lai pavairotu nepiecieS$amo géna CFTR fragmentu,
izmantoti tabula (2.6. tabula) apkopotie praimeri.

2.6. tabula. Géna CFTR mutacijas R117H noteikSana izmantotie praimeri

Praimera Tm | Amplificéta
nosaukums Nukleotidu seciba (bp) (°C) produkta

garums (bp)
R117H _for | ACCCGGATAACAAGGAGGAG (20 bp) 59,0 248
R117H rev | TTGTACCAGCTCACTACCTA (20 bp)

PCR analize

Tiek pagatavots PCR maisTjums (25 pl vienam paraugam), pievienota p&tama parauga
DNS. Tad tiek veikta PCR noteiktos temperatiiras parametros. P&c PCR iegitie
produkti tiek analizéti 6% PAAG.

PCR maisTjums vienam paraugam (kopa 25ul):

PCR maisijums pl
Destiléts tidens (H,0) 11
10XPCR buferis ar (NH4)>SO4 2,5
25mM MgCl, 6,5
10mM dNTP 0,5

10uM tiedais praimeris (R117H_for) 1,0
10uM reversais praimeris (R117H_rev) | 1,0
5U/ul Taq DNS polimeraze 0,5
Udeni at¥kaidita DNS matrica (50ng) 2,0
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PCR parametri:

pirmé&ja denaturicija 94°C, 5 minutes
Otréja denaturacija 94°C, 1 miniite
Praimera piesaisti§anas (Tm; tabula) 59°C, 1 miniite } 25 cikli
DNS sintéze 72°C, 1 minate

Elongacija 72°C, 5 minutes

Restrikcijas fragmentu garuma polimorfisma analize (RFLP)

2.7. tabula. R117H muticijas RFLP analizé izmantota restrikcijas endonukleaze

Mutacijas | Restriktaze / | RFLP produkta garums (bp) | Restrikcijas vieta

vieta buferis | ar mutaciju | bez mutacijas
477 G—A | Haell; NEB4 248 226+22 RGCGC|Y
Kur,
R=AvaiG
Y=CvaiT

Restrikcijas shéma vienam paraugam (kopé&jais tilpums 10pl):

7 ul PCR produkta

3 ul restrikcijas maisijuma, kas sastav no:
0,3 pl * 10 X NEB 4 buferis
0,2 pl Hae 11 restriktaze
0,03 pl BSA
2,5u sterils idens

Sagatavo restrikcijas maisfjumu un pievieno parauga PCR produktu. Paraugus inkubg

2 stundas 37°C. P&c restrikcijas ieghtie produkti tiek analizéti 12% PAAG.

2.7. Géna CFTR poli-T un poli-TG polimorfismu analize

Géna CFTR 8. intronam raksturigas timina nukleotidu poli-T sekvences un TG
dinukleotida atkartojumu poli-TG polimorfismi tika analizéti ar PCR (Chillon et al,
1995) un tai sekojodu PCR produktu sekvengSanu (sekvenéSanas pieeja izstradata S
darba ietvaros). Lai pavairotu nepiecieSamos géna CFTR rajonus un veiktu

sekven&sanu, izmantoti 2.8. tabula apkopotie praimeri.
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2.8. tabula. Géena CFTR poli-T un poli-TG polimorfismu noteik§ana izmantotie
praimeri

Praimera Tm | Amplificéta
nosaukums , Nukleotidu seciba (bp) (°C) | produkta

H garums (bp)
9i5 TAATGGATCATGGGCCATGT (20 bp) 58,0 | ~558
9i3 ACAGTGTTGAATGTGGTGCA (20 bp) (556-560)
19D9 CCGCCGCTGTGTGTGTGTGTGTGTTTTT (28 bp) | 58,0 | ~202
E9R2 GGATCCAGCAACCGCCAACA (20 bp) (200-204)

PCR analize
Tiek pagatavots PCR maisijums (25 pl vienam paraugam), pievienota pétama parauga
DNS. Tad tiek veikta PCR Qoteiktos temperatiiras parametos. P€c PCR amplifikacijas

iegiitie produkti tiek analiz&ti 6% poliakrilamida ggla.

PCR maisijums vienam paraugam (kopa 25ul):

PCR maisijums pl

Destiléts tidens (H,O) 11

10XPCR buferis ar (NH4),SO;4 2,5
25mM MgCl, ‘ 6,5
10mM dNTP 0,5
10uM tieSais praimeris (9i5) 1,0
10uM reversais praimetis (9i3) 1,0
5U/ul Tag DNS polimeraze 0,5
Uden at$kaidita DNS matrica (50ng) | 2,0

PCR parametri:
Pirmgja denaturacija 94°C, 5 minites
Otrgja denaturacija 94°C, 1 miniite
Praimera piesaisti§anas (Tm; tabula) 58°C, 1 miniite 25 cikli
DNS sintéze 72°C, 1 miniite
Elongacija 72°C, 5 mindtes
h Geéna CFTR poli-T un poli-GT trakta sekvené$ana

PCR produkti (iegiiti izmantojot 9i5 un 9i3 praimerus), kas satur pavairoto CFTR
géna 8. introna rajonu, tika sekvenéti. CFTR géna poli-T un poli-GT trakta

sekvengianai izmantots reversais praimeris E9R2 (sekvengsanas praimeris).
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2.8. Géla elektroforéze

Lai veiktu PCR amplifikacijas produktu analizi, izmantots agarozes vai
poliakriladea géls, kura koncentracija ir atkariga no analiz€jama DNS fragmenta

garuma. Tika izmantots 2% agarozes, ka arT 6% un 12% poliakrilamida ggls (PAAG).

Elektroforéze agarozes gela

2% agarozes g€la pagatavoSanai nepiecieSams pagatavot agarozes 0,5 g) un 1xTBE
pufera (25 ml) maisTjumu. legito maisijumu karsé mikrovilpu krasni, Iidz agaroze ir
iz&idusi un iegits dzidrs $kidums. Atdzesetai agarozei (60 °C) pievieno 1,5 pl etidija
bro;nIda skidumu (0,5 pg/ml) un pagatavo gelu. Kad ggls sastindzis, to ievieto
elektroforézes aparata un uzpilda ar 1XTBE buferi. Ar mikropipeti g€la bedrTté uznes
garuma markieri un pargjas bedrites iepilda analiz€jamos PCR produktus, Kuri

iepriek’ samaisiti ar uznesanas krasu. Elektroforézes reZims: 100V, 70mA.
Elektroforéze poliagrilamida gela (PAAG

PAAG pagatavoSana (vienam gélam; 15ml):

Reagenti 6% PAAG 12% PAAG
30% AA-bisAA - 3 ml 6 ml

5 x TBE buferis 3 ml 3ml
Destilets H,O 9 ml 6 ml

10% amonija persulfats 150 pl 150 pl
TEMED (tetrametiléndiamids) 15 ul 15 ul

Gels polimerizéjas 20 — 30 miniites istabas temperatira. Pec tam gélu ievieto
elektroforézes aparata, uzpilda ar 1 x TBE buferi. Géla bedrités ar mikropipeti ienes
5ul garuma markieri un 10 pl PCR produkta, kam pievienoti 3 pl 6 x Loading Dye
paraugu uzne3anas krasu. Elektroforézes rezims: 100V, 50mA, 1 — 1,5 stundas. Péc

elektroforezes gelu kraso etidija bromida 8kiduma (0,5 ug/ml) 10 - 15 minttes.

Analizéto DNS fragmentu vizualizacija
Gelu apskata 590 nm UV apgaismojuma, fotografé ar ,Kodak” digitalo kameru un

analizg iegtito ainu.
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2.9. DNS sekveneSana

Paraugu sagatavoSana

Pec PCR produkti (iegiiti izmantojot attiecigus praimerus) elektroforézes un paraugu
aplikosanas UV gaisma iegiitas joslas tiek izgrieztas no 6% PAAG ar Zileti (katra
josla ar savu Zileti), un Katrs géla gabalins, kas satur attiecigo joslu, tiek ievietots sava
stobrina. P&c tam stobrinus ievieto -70°C, lai sasaldétu gela joslas. Pec sasaldé3anas
katru g&la gabalinu saberZ ar atsevisku plastmasas spiekiti un pievieno 20 pl destileta
H,O. Stobripus inkubg pa nakti istabas temperatiira. Ja sekven&Sanu neveic nakamaja
diena, tad stobrinus atstaj +4°C.

»

*

Paraugu sekvenéSana
PCR produkti, kas satur pavairoto DNS fragmentu, tika automatiski sekvenéti ar 16

kapilaru sekvenatoru ABI Prism 31 Genetic Analyser (Applied Biosistems, ASV),

izmantojot  &etrus  fluorescgjodi  iezim&tus dezoksinukleozidtrifosfatus  jeb

terminatorus.

Gatavs reakcijas termindcijas maisijums (Big Dye Terminator mix ) sastav no:
ddATP ar dihlor-[R6G]
ddCTP ar dihlor-[ROX]
ddGTP ar dihlor-[R110]
ddTTP ar dihlor-[TAMRA]
dezoksinukleozidtrifosfati (JATP, dCTP, dGTP, dTTP)
AmriTaq DNS polimeraze, FS
MgC12
Tris-HCI buferis (pH=9)

Sekvené¥anas maisijums (vienam paraugam 10ul):

Sekveng$anas maisjjums ul
Big Dye 2
5 x sekveng§anas buferis p)
Attiecigais sekven&$anas praimeris 1
Attieciga parauga PCR produkta DNS ekstrakts 5
Sekvenésanas reakcijas parametri:
Pirmgja denaturacija 95°C, 2 miniites
Otrgja denaturacija 95°C, 30 sekundes
Praimera piesaistiSanas 50°C, 15 sekundes} 25 cikli
DNS sintéze 60°C, 4 minites
Strauja atdzesé$ana 4°C, 15 sekundes

79




DNS attiriSana pec sekveneSanas reakcijas ar amonija acetatu

1. Stobripos, kuros ir sekveng3anas reakcijas produkts, pievieno 35 pl aukstu
96% etanolu un 2 pl amonija acetatu, vorteksg, inkubé 30 miniites pie -20 °C;

2. Centrifugg 15 mindtes, 13000 apgr/min. Nopem visu supernatantu;

3. Pieliek 100 pl aukstu 70% etanolu, centrifugé 15 miniites, 13000 apgt/min.,

nopem visu supernatantu.

4. Stobrinus Zavé 30 miniites istabas temperatiira ar atvértiem vacipiem.

5. Analizé ar ABI Prism 3100 analizatoru.

legiitic sekvengdanas rezultdti tika analizéti, izmantojot datorprogrammu “Contig

Exf)ress” (Applied Biosistems, ASV).
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2.10. Datu statistiska apstrade

2.10.1. xz statistikas metode

-

Lai noteiktu at3kiribas Y hromosomas haplogrupu un géna CFTR poli-T un
poli-TG al€]u variantu sastopamibas biezuma Latvijas populacijas neaugligu virieSu
un kontroles grupas, tika izmantota x* analize.

Visi p lielumi balstiti uz divu paraugkopu salidzindjumu, un p<0,05 norada
statistiski ticamus rezultatus. Analize tika veikta, izmantojot interaktivo kalkulatoru
(datorprogrammu), kas pieejama http://www.quantpsy.org (Preacher, 2001).

h Multiplu salidzindjumu (Y hromosomas haplogrupu analize) korekcijai x’
analizé, lai mazinatu statistiskis @ kludas iesp&jamibu, tika veikta korekcija ar
Bonferoni (Bonferoni) testu (Bland & Altman, 1995). Sis tests bija japielieto, Y
hromosomas haplogrupu — N3al, Rlal un I analizé salidzinot So haplogrupu
frekvenci analizéto paraugu grupas. Péc Bonferoni korekcijas Hg N3al, Hg Rlal
haplogrupu gadijuma p vértiba ir statistiski ticama, ja p<0,016, bet Hg I gadljuma, ja
p<0,025.

2.10.2. Konfidences intervala analize (Confidence Interval Analysis, CIA)

Lai noteiktﬁ atSkiribas CFTR géna polimorfisma variantu (poli-T, poli-TG un
poli-T/TG) sastopamibas biezuma neaugligu virieSu, kontroles grupas, tika izmantota
konfidences intervala analizes (CI4) metode (Newcombe & Altman, 2000).

Konfidences intervala analize tika veikta, izmantojot statistiskas analizes
datorprogrammu CI4 (Confidence Interval Analysis; proportions and their diferences,
95% confidence interval for the difference, Newcombe method).

Visi p lielumi balstiti uz divu paraugkopu salidzinajumu (neaugligi
viriesi/kontroles grupa; neaugligi virie$i/CF pacienti; kontroles grupa/CF pacienti) un

<0,05 norada statistiski ticamus rezultatus.
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3. Rezultati

3.1. Y hromosomas mikrodelécijas neaugligiem virieSiem

Darba ietvaros tika analizéti 115 (100 neaugligu virie$u un 15 cistiskas

fibrozes slimnieku) DNS paraugi ar multiplekso PCR analizi (multipleksa A un B

reakcija). Lai veiktu metoZu salidzinajumu, neaugligu virieSu DNS paraugi, kuros

novérotas mikrodglecijas, tika analizéti ar “Promega 2.0” komercialo komplektu.

Multipleksa PCR analize, analiz&jot Y hromosomas mikrodelecijas dotajos

paraugos, visos gadijumos deva neapSaubamus rezultatus — abas multipleksas A un B
w

polimerazes k&des reakcijas netika novérota negativo kontro]Ju kontaminacija un abas

pozitivas kontroles, gan ar sievietes DNS (PCR ieksgja kontrole), gan augliga virieSa

DNS (viriesa DNS pozitiva kontrole), vienmér deva pozitivus signalus.

Multiplekss A
ZFY: 495bp
SRY: 472bp

sY254: 400 bp (AZFc)
sY86: 320 bp (AZFa)
sY127: 274 bp (AZFb)

Multiplekss B

ZFY:
SRY:
SY84:
SY134:
SY255:

495 bp
472 bp
326 bp (AZFc)
301 bp (AZFa)
126 bp (AZFb)

Multiplekss A:

1.sleja — garuma markieris
(GeneRuller100bp, Fermentas),
2.sleja — negativa kontrole,
3.sleja — sievietes DNS
(ieks€ja kontrole),

4 sleja — augliga virieSa DNS,
5.sleja — pacienta DNS,

kas parada AZFc deleciju.

Multiplekss B:
1. sleja — garuma markieris

(pUCS, Fermentas),

2. sleja — negativa kontrole,
3.sleja — sievietes DNS
(ieksg€ja kontrole),

4.sleja — augliga virieSa DNS,
5.sleja — pacienta DNS,

kas parada AZFc del&ciju.

3.1. attels. Neaugliga virieSa Y hromosomas'mikrodeléciju analize, kas parada

deléciju AZFc rajona

Y hromosomas mikrodeléciju biezums analiz&taja Latvijas neaugligo virieSu

populacija ir 5% (5 paraugos no 100) (3.1. tabula, 3.3. att€ls). Tris gadjumos no

pieciem delécija novérota AZFc rajona (3.1. attéls), savukart divos gadijumos atklata
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visu AZF rajonu — AZFa, AZFb un AZFc delécija (3.2. att€ls). Dati par Y

hromosomas mikrodel&ciju veidiem apkopoti 3.3. attgla.

1 2 3 4 6|8 7T 8 8 Multiplekss A (2. — 3. sleja),
Fou AT b dRad | 8. 0 Multiplekss B (6. — 9.sleja):

1. sleja — garuma markieris
(pUCS, Fermentas),
2. un 6. sleja — negativa kontrole,

489
40: 3. un 7. sleja — sievietes DNS

::2 (ieks€ja kontrole),

190 4. un 8. sleja — augliga virieSa DNS
147 (pozitiva kontrole),

5.un 9. sleja — pacienta DNS, kas
parada AZFa, AZFb un AZFc deléciju.

Multiplekss A Multiplekss B
ZFY: 495bp ZFY: 495 bp

SRY: 472bp SRY: 472bp
sY254: 400 bp (AZFc) SY84: 326 bp (AZFc)
sY86: 320bp(AZFa) SY134: 301 bp (AZFa)
sY127: 274 bp (AZFb) SY255: 126 bp (AZFb)

3.2. attéls. Neaugliga virie$a Y hromosomas mikrodel&ciju analize, kas parada
deléciju AZFa, AZFb un AZFc rajonos

Visos gadijumos mikrodel&cijas tika atklatas neaugligiem pacientiem ar smagu
neauglibas formu — azoosperrpiju vai oligozoospermiju. Neaugligiem virieSiem, kuru
Y hromosomas garaja ple;a atrasta delécija AZFc rajona (tris gadijumi),
spermatozoidu skaits spermatogrammas ir at3kirigs — viena gadijuma spermatozoidi
netika novéroti (azoospérmija), bet divos gadijumos atrada 1 — 5 nekustigus
spermatozoidus (smaga oligozoospermija). Savukart individiem ar pilnu AZF rajonu
(AZFa, AZFb, AZFc) deléciju (divi gadijumi) spermatogrammu dati paradija
azoospermijas fenotipu. Abam persondm ar pilnu visu tris rajonu deléciju
citogengtiska analize parddija anomaliju kariotipa, respektivi, Y hromosomas gara
pleca deleciju — 46,X,del(Y)(q). Vienai personai ar visu AZF rajonu deléciju kariotipa
analizé tika novérots Joti neliels Y hromosomas garais plecs ar aizdomam par Tsi
pleca izohromosomu, kas netika apstiprinata ar $aja pétijuma izmantotajam metodém
(Y hromosomas mikrodeléciju un Y hromosomas mikrosatelitu analize). Sim
individam kliniskas izmekle3anas gaita atklata centrala tipa aptaukoSanas un Tss kakls.

Neauglibas ilgums tris gadi (3.1. tabula).
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3.1. tabula. Genotipu un fenotipu asociacija virieSiem ar Y hromosomas
mikrodelécijam

Nr. | Deletétais | Spermatozoidu Kliniska diagnoze Kariotips Fenotipiskie
rajons skaits dati
spermatogramma
| centrala tipa
AZFc 0 azoospermija 46,XY aptaukoSanas,
ginekomastija,
brahidaktilija
2. | epidémiskais
AZFc 5 mazkustigi smaga 46,XY parotits bérniba,
oligozoospermija seklinieku
biopsija atrod
spermatidas
3k s
AZFc 1 — 2 nekustigi smaga 46,XY epidémiskais
oligozoospermija parotits be&rniba
4. AZFa, centrala tipa
AZFb, 0 azoospermija 46,X, del (Y)(q) aptaukoSanas,
AZFc ginekomastija,
mazs labas
puses seklinieks
5. AZFa,
AZFb, 0 : azoospermija 46,X, del (Y)(q) datu nav
AZFc

Analizgjot 15 cistiskas fibrozes slimnieku DNS paraugus, Y hromosomas
mikrodel&ciju klatbiitne 3ajos paraugos netika apstiprinata.

Lai veiktu divu Y hromosomas mikrodeléciju noteikS8anas metozu
salidzindjumu pacientu DNS paraugi, kuros novérotas mikrodelecijas, tika atkartoti
analizéti ar komercidlo kitu (Promega 2.0). legitie rezultati apkopoti 3.3. attela
(pelekas riitinas). ST analize apstiprina del&cijas analizétajos STS rajonos, kuri tika
analizéti ar multiplekso A un B PCR metodi (3.3. att€ls, STS ieziméti trekniem
burtiem) un paradija delécijas citos STS, kas izkliedeti pa visiem trim AZF rajoniem.
Komerciala kita dati parada to paSu, ko multipleksas PCR reakcijas — trim no pieciem
paraugiem ar mikrodelécijam Y hromosoma delécijas lokalizgétas AZFc rajona,
pargjiem diviem deletéts viss AZF regions, respektivi, mikrodelecijas skarusas gan

AZFa, gan AZFb, gan AZFc rajonus.
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PAR 1 Tokalizacia] _STS__| LOKUS PARAUGI

" (Mb) 1. ] 2. [3.]4.]5.
— 271 [sYid SRY
280 IFY

- 319 DYS393 | + [+ | + | + [ +
10,13 DYS19 + 1+ | | +] =
Yp 1280 |sYB1__[DVSaT]
1251 DYS391 | + |+ | + |- |-
1284 DYS437 |+ |+ [+ ]| - | —
-3 1284 DYS439 + |+ | +] =] -
B AZFa proksimala robeZa sYB3 (12,95 Wb)
AZFa ¢ 3 ~ 1311 |sY8 _[DVS148
5 13,12 Dys3gol|+ |+ [+ |- [-| B
1312 DYSseol| + |+ |+ |- |- | m
1317 Dysass |+ |+ |+ |- |- | ®
1329 |sYBd DYS273
J A7Fa distdla robeza DBY1 (13,46 Mb)
N 1449  |sY182 KAL-Y
15,78 DYS390 |+ |+ [+ | —= |-
AZFhb proksimala robea sY1264 {18,068 Mb)
19,26 DYS385a | + |+ | + [ = | —
19,30 DYS385b | + |+ | + | = | —
1951 [sY121__|DYS212
2030 sYPR3 _ |SMCY
2059 [sY124 _|DYS215
2007 [sYi27 _ |DYS218 e
2104 DYS392 |+ |+ |+ |~-|—-| |
AZFb 2123 |sY128 _ |DYS219 T ©
. 2165 |sY130 DYS221
2190 [sY133  [DYS223
2196 |[sY134 DYS224
AZFc proksimali robeZa starp sY1197 un sY1192 (~23,10 Mb)
AZFc -l ) v sY145 DYF5151 :
, sY152__ |DYS236
2368  |sY242 DAZ1
' 2377  [sY208 DAZ2
q AZFh disiala robeza 24,95 Mb (sY1

2531 sY254 DAZ3
2538  [sY255 DAZ4
2649 |sY157 DYS240 | 7
A7Fc distald robeZa starp sY1125 un Y1201

(~25 0 Mb)

247Y

PARZ

33. attsls. Y hromosomas mikrodelgciju analizes dati pieciem pacientiem, kuros
noteikta deléciju klatbiitne

AZF rajoni paraditi attéla sanos, Y hromosomas specifisko markieru (sequence target
sites — STS; mikrosateliti — Y-STR jeb DYS) lokalizacija atziméta att€la vidgja sleja.
Melnas ritipas — attieciga AZF rajona/lokusa delecija (Multipleksa A un B PCR
rezultati). Trekniem burtiem atziméti tie STS, kas izmantoti multipleksajas PCR.
Pelekas riitinas — attieciga AZF rajona/lokusa del&cija (komerciala kita rezultati).
Pluss (+): Y-STR ir paraugd; minuss (-): Y-STR nav parauga. PAR1 un PAR2 - Y
hromosomas pseidoautosomalie rajoni.
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3.1.1. Y hromosomas mikrodel&ciju biezums daZados p&tTjumos

Latvija Y hromosomas mikrodel&cijas virie$iem ar idiopatisku neauglibu
sastop 5% gadijumu, "kas atbilst literatliras datiem. Lai salidzinatu Y mikrodeléciju
frekvences at3kiribas vai lidzibu citas populacijas, veikta vairaku pétfjumu analize. Y
hromosomas mikrodel&ciju biezums varié dazados pétfjumos no 1% (van der Ven et
al., 1997) lidz 55% (Foresta et al., 1998). Variacijas mikrodel&ciju biezuma ir saistitas
ar dazadiem pacientu atlases kritérijiem un ar metodologisko pieeju dazadibam. Bez
tam Y hromosomas mikrodeléciju frekvendu atkirTbas daZados pétijumos licla méra
saistitas ar precizas un efektivas So mikrodeléciju noteikSanas metodes (Simoni et al.,
2001) iZveidi.

Vairaki zinatnieki apskatrakstos ir apkopojusi public€to informaciju par Y

*

hromosomas mikrodeléciju frekvenci no 1992. lidz 2000. gadam, tadgjadi
atspogulojot periodu, kad nebija izstradata laba mikrodeleciju noteik§anas metode un
apkopotas indikacijas pacientu atlasei (Krausz & McElreavey, 1999; Foresta et al.,
2001). No 1992. gada lidz 2000. gadam bija publiceti dati par 4868 neaugligiem
viriediem, un Y hromosomas mikrodeléciju vidgjais biezums attiecigi bija 8,2%.
Turklat dazados pétijumos novéfoja lielas mikrodeléciju frekvences atskiribas. Ka jau
iepriek8 mingts, tas varigja no 1% lidz 55% un precizais kliniski nozimigu
mikrodel&ciju bieZums neb'ijé zinams. Lai veiktu 3o dazado pétijumu salidzinaSanu,
autori (Krausz & McElreavey, 1999; Foresta et al., 2001) atlasija 3640 pacientus,
kurus vargja sagrupét vairakas grupas un tadgjadi secinat par mikrodeléciju biezumu
%ajas grupas. Lielaka dala analizéto p&tijumu ka objektus izmantoja azoospermijas un
smagas oligozoospermijas pacientus (spermatozoidu skaits <5x10%ml), kopa 1491
pacientu, un mikrodel&cijas %aja grupa novéroja 10,5%. Citos petijumos analiz&ja
mikrodelgciju bieumu neaugligiem virieSiem pirms ICSI (intracytoplasmic sperm
injection) procediiras, kur 3o deléciju frekvence bija 3,8% (32 no 850 ICST
kandidatiem). Bez tam, analizgjot 30 dazado pétijumu datus, redzams, ka ir svarigi
definét neauglibas klinisko formu: ir jaiz3kir Tsta azoospermija un smaga
oligozoospermija, idiopatiska neaugliba un neaugliba ar zinamu spermatogenézes
traucgjumu iemeslu, obstruktivas azoospermijas un neatlasitu pacientu grupa. Lidz ar
to uzskatami paradits, ka deléciju biezums korele ar neauglibas smaguma pakapi.
Neatlasita (nav pemts véra oligozoospermijas cglonis) oligozoospermijas grupa

mikrodeleciju biezums ir 2,9%, idiopatiskas oligozoospermijas gadijuma
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mikrodeléciju frekvence palielinds lidz 11,6% un 14,3% idiopatiskas smagas
oligozoopermijas  gadfjuma. Lidzigu ainu novero neatlasitas azoospermijas
pacientiem, kur mikrodeléciju biezums ir 7,3%, savukart, izslédzot obstruktivas
azoospetmijas pacientus no pétfjumiem, mikrodeleciju frekvence idiopatiskas
azoospermijas gadijuma palielinas lidz 10,5 - 18%. Turklat, ja pacienti atlasiti pec
seklinieku histologiskas ainas, tad idiopatiskas smagas oligozoopermijas gadijuma,
kas kliniski raksturojas ar smagu hipospermatogenézi, mikrodeléciju bieZzums ir
24,7%. Savukart idiopatiskas azoospermijas gadijuma, kas kliniski manifestgjas ka
sertoli tinu sindroms (Sertoli cell only syndrome, SCOS), Y mikrodeléciju frekvence
ir 34,5%. Bez tam neaugligiem virieSiem ar spermatozoidu skaitu >5x10%ml, Y
hromosomas mikrodelEcijas analizetajos pétijumos novérotas loti reti (0,7%) (Foresta
et al., 2001). Galvenie skaidrojumi, kapéc dazados pétfjumos ir tik at3kiriga Y
hromosomas mikrodeléciju frekvence, pirmkart, ir nedefinéti pacientu atlases kritériji,
ka arf at3kirigu protokolu izmanto$ana mikrodeléciju noteikSanai.

Vélakas publikacijas uzskatami paradits, ka sakotngja liela Y hromosomas
mikrodel&ciju frekvences variabilitate, kas atspogulota apskatrakstos pirms 2000.
gada, visbiezak bija mikrodeléciju noteik$anas metoZu tehnisko risinajumu probleémas
un neatbilsto$u markieru (STS, sequence target sites) izmantoSana. Bez tam tika
kltidaini interpretéti gadijumi, kad novéroja viena STS deléciju. Tika apgalvots, ka Sie
gadijumi parada mikrodeléciju mozaikas formas, neparbaudot Sos rezultatus ar citam
metodém, kas pierada mozaicismu, piem., génu kopiju skaita vai molekularas
citogenétikas analizém (Krausz & Degl Innocenti, 2006). Lidz ar precizas Y
mikrodeléciju analizes metodes ievie$anu (Simoni et al, 2001) Y mikrodelgciju
biezums dazados pétfjumos, kas izmantoja $o optimiz&to metodi un ieteikto pacientu
atlasi, bija lidzigs. Ta, piem&ram, sakotngji publicétais secindjums, ka mikrodelécijas
novéro 55% SCOS pacientiem (Foresta et al, 1998), nav apstiprinats v€lakajos
pétijumos (Simoni et al., 2004). Liela pétijuma, kas atspogulo Y mikrodeléciju
noteiksanas 10 gadu pieredzi Italija, ir secinats, ka Y hromosomas mikrodeléciju
bieZzums ir 3,2% (99 no 3073 pacientiem), bet ja Y mikrodelé&ciju frekvenci aprékina,
ieklaujot tikai azoospermijas un oligozoospermijas pacientus, tad Y mikrodel&ciju
biezums ir 5% (99 no 1997 pacientiem). Sakot no 2000. gada, 3aja laboratorija
novéroja Y mikrodeléciju incidences strauju samazinasanos, kas saistits gan ar
piemérotu S7S markieru izmantoSanu deléciju noteik$anas procediira, ka ari ar

precizaku pacientu atlasi. Tadu deléciju bieZums pacientu grupa, kuru spermatozoidu
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skaits ir <5x10%ml, saglabajas relativi konstants 10 gadu laika. Saja pétijuma vidgjais
mikrodeléciju biezums ir 8,3% azoospermijas gadijuma un 3,4% (<5x10%ml) - 6,7%
(<2x106/m1) pacientiem ar smagu oligozoospermiju (Ferlin et al, 2006). Cita
starptautiska pétljuma analizetas Cetras dazadas populacijas (tris Eiropas un viena
Azijas populacija). Analizés izmantots lidzigs STS markieru (attiecigi arl praimeru)
komplekts, un objekti atlasiti p&c neauglibas formas, kas skaidri definéta ka
idiopatiska vai neidiopatiska. DelEciju bieZzums Sajas grupas varigja no 1,5 lidz 10,8%.
Augstaka frekvence tika atrasta divas populacijas, kur bija vislielakais azoospermijas
pacientu skaits. Aprekinot mikrodeléciju biezumu vienadi definétiem idiopatiskiem
azoospermijas un smagas oligozoospermijas pacientiem, novéroja lidzigu deléciju
frekvenci. Saja grupa mikrodelgciju bieZzums bija 10 — 18%, kas liecina, ka etniskas
vai geografiskas atSkirtbas acimredzami neietekmé deléciju bieZumu. Apkopojot
biezak Y mikrodel&cijas atrod idiopatiskas azoospermijas pacientiem — 15%, savukart
smagas oligozoospermijas gadijumos Y mikrodel&ciju biezums ir 5 — 7% (Krausz &

Forti, 2006).
3.2. Y hromosomas haplogrupas un virieSu neaugliba

Lai noteiktu Y hrpmosomas neauglibu predispongjosas haplogrupu, tika
analiz&ti 79 neaugligu virie$u DNS paraugi. No 79 izanaliz&tajiem DNS paraugiem 56
saturgja makrohaplogrupas (skatit pielikumu nr.1.) M9 G aléles variantu, un,
izmantojot attiechoé bialgliskos markierus, 3T Y hromosomas linija tika sikak grupéta
K klasterT (K*), kas attiecigi sadalfjas N3al haplogrupa (Hg N3al; markieri Tat un
P21) un Rlal haplogrupa (Hg Rlal; markieri SRY1532 un M17). M9 C algles
variants tika noteikts 23 (Hg I un citas M9-C) gadijumos no 79 analizetiem pacientu
DNS paraugiem. Dotie paraugi atbilda F klasterim (F*). Saja paraugu grupa
haplogrupa tika atrasta tikai diviem paraugiem, kas attiecigi atbilda I haplogrupai (Hg
I; markieris M170). Diemz&l 21 paraugs neieklavds neviena no analiz&étajam
haplogrupam, lidz ar to $ie paraugi parstav citas haplogrupas (M9-C; DE* un F*: G,
J) (3.2 tabula). Lidz ar to biitu nepiecieSami talaki pétTjumi, tacu tas netrauces saprast

galvenas tendences, kas vérojamas “neauglibas haplogrupu” pétjjumos.
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Lai biitu iespéjams spriest par Y Hg saistibu ar virieSa neauglibu,
salidzindgjumam izmantoti dati, kas iegiiti, veicot Y Hg analizi etniskiem latvieSiem
(viriesi, tr1s paaudzes latviesi, kontroles grupa).

Cetras galvenas haplogrupas: N3al (K* klastera N apaksklasera N3
haplogrupas apakshaplogrupa), Rlal (K* klastera R apaksklasera R1 haplogrupas
apakshaplogrupa), K* (K* klasteris bez Hg N3a un Hg Rla) un I (F* klastera 1J
apaksklastera haplogrupa) gan neaugligo virie$u, gan kontroles grupa veido ~ 90% no
visa latvieSu Y hromosomas genofonda un ir domingjo3as haplogrupas Eiropas
ziemeJaustrumu daja. So haplogrupu sadalijums dazadas Eiropas populacijas un ari

abas analiz&tajas grupas norada uz to kopigo pirmsveésturi un izcelSanos.

»

32. tabula. Y hromosomas haplogrupu sastopamiba neaugligu virieSu un
kontroles grupa

Haplogrupu sastopamiba (%)
Haplogrupas P
(Hg) Neaugligi viriesi Kontroles grupa
n=79 n=153
N3al 24 (30,4%) 65 (42,5%) 0,223
Rlal 12 (15,2%) 60 (39,2%) 0,005
I 2 (2,5%) 13 (8,5%) 0,097
K* - 20 (25,3%) 10 (6,5%) < 0,001
(bez N3 un R1a)
Citas (M9-C; 21 (26,6%) 53.3%) < 0,001
DE* un F*: G, J).

Biezak sastopama haplogrupa analiz&to neaugligo virieSu grupa ir N3al, kas
parstav 30,4% no visiem analizétajiem paraugiem (24 paraugi no 79). Savukart tas
biezums kontrolgrupas parstavjiem ir 42,5%. ST haplogrupa ir parstavéta abis
analiz&tajas grupas, un, veicot datu statistisko analizi (x? analize), netika paradita Hg
N3al saistiba ar virie$u neauglibu (p=0,223).

Otra biezak sastopama Y hromosomas haplogrupa gan kontroles, gan
neaugligu virie§u grupa ir Hg Rlal. Salidzinot Rlal haplogrupas biezumu abas
grupas, tika noskaidrots, ka Hg Rlal ir mazak atrodama neaugligu virieSu DNS
paraugos (15,2%, jeb 12 paraugi no 79), tatu kontroles grupa tas biezums ir 39,2%.
Veicot % analizi, tika noteikta ticamibas p vértiba, kas bija 0,005 (statistiski ticamas

atSkiribas pec xz, ja p<0,05; pec Bonferoni korekcijas, ja p=0,016) un ta parada, ka
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Hg Rlal varétu biit vairak raksturiga virieSiem bez spermatogenézes trauc€jumiem
neka analizétajiem neaugligiem virieSiem.

Hg I tika parstavéta 2,5% (2 paraugi no 79) neaugligu viriesu vidii, savukart
kontroles grupa 8,5% (13 gadijumi no 153). Ar1 §Ts abas grupas tika salidzinatas sava
starpa, veicot x2 analizi, un tika noskaidrots, ka p = 0,097. Tatad Hg 1 neparada
saistibu ar virieSu neauglibu.

P&tijuma tika noteikts, ka K* klasteris sastopams 25,3% neaugligu virieSu Y
hromosomas (20 paraugi no 79). Tadu kontroles grupa §is haplogrupas sastopamiba ir
daudz mazika, attiecigi tikai 6,5%. Veicot x2 analizi, tika noteikta ticamibas p vértiba,
kas bija <0,001, un ta parada, ka K* klasteris vairak raksturigs analizto neaugligu

virie$u Y hromosomas linijam.

32.1. Y hromosomas haplotipi neaugligiem virieSiem ar Y hromosomas

mikrodelécijam

Y hromosomas mikrosatelitu (Y-STR) genotipé$anas metode tika izmantota
%aja pétijuma, lai noteiktu Y hromosomas haplotipus pacientiem, kuriem novérotas Y
mikrodelécijas. Bez tam .§T metode atkartoti apstiprindgja Y hromosomas
mikrodelgcijas, jo pacientiem ar 3im mikrodelcijam attiecigajos Y hromosomas

rajonos netika konstateti noteikti Y hromosomas mikrosateliti (Y-STR jeb DYS).

3.3. tabula. Mikrosatelitu dati pacientiem ar Y hromosomas mikrodelecijam

Y hromosomas haplotips (Y-STR haplotips)
Nr. Mikrodelecijiasl 2| o = S| & | & 2| g 4] 2 &
veids Al — @ ¥ < & | T o & B 2| YH

wnl L2 wn «n 2 vl o @ 2 vl wn @ g

AR R R IR

A al Al Al A| &| A| Al Al Al A
1 AZFc 14 {1511 [13] 9 | 1329|1023 |11 |14 13 N3al
2. AZFc 141511 (13101329 (10|23 |11 |14]13 N3al
8. AZFc 141510131014 130 |10 23|11 |14 |13 ] K*(N)
4 | AzFabe |14[15] - |- -|-]-1-]-1-1-/]-|M9-C(E"
5.1 AZFabe |13| - |- -|-1-|-]-|-1-1]-]"-]K'RIlb

AZFc, AZFa,b,c — mikrodelécijas AZF rajonos
DYS — mikrosatelitu apzim&jms (Y-STR)
Skait]i — mikrosatelitu atkartojumu skaits
Minuss (-) — mikrosatelits nav atrasts
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Y-STR genotipgSanas rezultati ir apkopoti 3.3. att€la un 3.3. tabula. DNS
paraugi ar AZFc mikrodelécijam (nr. 1. — 3.) parada dazadu Y-STR ainu un dazadu
attiecigo mikrosatelitu atkartojumu skaitu.

Ta ka visi komercialaja komplekta pieejamie Y-STR lokalizéti pa visu Y
hromosomu, iznemot AZFc rajonu, tad iegltie rezultati nedod papildu informaciju par
individiem, kuru Y hromosomas atrasts tie§i $is mikrodeléciju veids. Savukart abu
neaugligo virie$u paraugos (paraugi nr.4 un nr.5) ar visu tris AZF rajonu deléciju Y-
STR genotip&Sanas dati parada tikai divu mikrosatelitu DYS393 un DYS19 klatbiitni.
Abi mikrosateliti atrodas Y hromosomas Tsaja pleca (3.3. attéls). Tatu paraugs nr.5.
atdkiras no parauga nr.4, jo tam trakst DYS19 mikrosatelita. Iegiitie dati parada, Ka,
nosakof mikrosatelitu iztrikumqu Y hromosomas garaja pleca, tiek apstiprinats, ka
analizéto paraugu DNS ir notiku3as delécijas attiecigos AZF rajonos un arpus tiem.

Bez tam Y-STR datus var izmantot, lai uzzindtu Y hromosomas haplotipu
(alé]w/génu vai polimorfismu grupa, kas iedzimst pilnigi saistiti; haplotipi veido
haplogrupas) pacientiem ar Y hromosomas miktrodelécijam. Tabula 3.3. paraditi
neaugligo viriesu DNS paraugu Y hromosomas haplotipi ar tiem raksturigo
mikrosatelftu kombinacijas un atkartojumu variantu. Y-STR analizes dati papildina un
dazos gadijumos precizg neal;gligo virieSu DNS paraugu piederibu noteiktai Y
hromosomas haplogrupai. Pacientu Y hromosomas mikrosatelitu dati tika izmantoti,
lai noskaidrotu to piederibu noteiktim Y hromosomas haplogrupam, izmantojot
datorprogrammu (http://www.hprg.com/hapest5/), kuras zinatniskais pamatojums un
ticamiba aprakstita divas publikacijas (Athey, 2005 un Athey, 2006).

3.4. tabula. Parauga nr.1 un nr.2 Y-STR haplotips:
DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS DYS|DYS|DYS
393 | 19 | 391 | 437 | 439 | 3891|3891I| 438 | 390 |385a|385b| 392
14 151113 [9/10{ 13 {29 |10 |23 11 | 14|13

Neaugligu virie$u DNS paraugi nr.1 un nr.2 ir Joti l1dzigi p&c Y-STR haplotipa
ainas (skatit 3.4. tabulu). At¥kiras tikai DYS439 mikrosatelita atkartojumu reiZu
skaits: paraugam nr.1 DYS439 atkartots 9, bet paraugam nr.2 — 10 reizes. Abi paraugi
péc Y haplogrupas analizes ar bial€liskiem markieriem atbilda N3al haplogrupai.

Analizgjot Y-STR genotip&sanas datus, ari tika noskaidrots, ka ie paraugi pieder N
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haplogrupai (datorprogramma paradija 99,8% ticamibu). So paraugu piederibu N
haplogrupai visparliecinosak raksturoja DYS437, DYS438 un DY S439 mikrosateliti
(tabula atzimeti treknraksta) ar tiem raksturigajiem Tso tandémisko atkartojumu al€ju

variantiem, respektivi: 13, 10 un 9/10.

3.5. tabula. Parauga nr.3 Y-STR haplotips:

DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS
393 | 19 | 391 | 437 | 439 | 3891 |3891I| 438 | 390 |385a|385b| 392
1415|1013 |10 | 14 |30 |10 (23 | 11 | 14 | 13

Paraugam nr.3 ar bial€lisko markieru palidzibu tika noskaidrota ta piederiba
M9-G Y hromosomas Iinijai, bet talak atrast ta piederibu noteiktai haplogrupai nebija
iespgjams — ar SRY 1532 markieri netika pieradita piederiba Hg R1la, un p&c analizes
ar Tat markieri 8is paraugs neparadija piederibu Hg N3. Lidz ar to Saja gadijuma
mikrosatelitu analize deva precizéjumu par parauga nr.3 piederibu noteiktai Y Hg. Ta
ka § parauga Y-STR haplotipa ir 13 mikrosatelita DYS437, 10 mikrosatelita DY S439
un 10 mikrosatelita DYS438 atkartojumi (tabula atziméti treknrakstd) un Sie al€lu
varianti raksturigi Y hromo;omas N haplogrupai (N*), tad tika noskaidrota parauga
nr.3 haplogrupa (datorprogramma uzradija 99,9% ticamibu). Apvienojot iegtitos datus
par 30 paraugu gan no 'bialélisko markieru analizes, gan mikrosatelitu analizes,
izdevas noteikt, ka paraugs pieder N* haplogrupai (K klasteris), bet nav N3
haplogrupas parstavis.

3.6. tabula. Parauga nr.4 Y-STR haplotips:
DYS|DYS|DYS|DYS|DYS|DYS{DYS|DYS|DYS|DYS|DYS | DYS
393 | 19 | 391 | 437 | 439 | 3891|389I1| 438 | 390 (385a|385b| 392

4|15 - -1--1-1-1-1-1-71-

Paraugs nr.4 p&c bialglisko markieru analizes atbilst M9-C algles variantam,
un ari § parauga talakaja analiz€ ar atbilstoSajiem markieriem (M170) nevargja
noskaidrot Y hromosomas haplogrupu un paraugu klasificgja ka M9-C ( F* klasteris).
St parauga mikrosatelitu dati parada tikai divu DYS klatbiitni (DYS393 un DYS19;

tabula atziméti treknraksta), un to raksturigo atkartojumu variants péc
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datorprogrammas paradija iesp&jamo piederibu 12bl (36% ticamiba) vai G2a (34%
ticamiba) haplogrupam. Abas min&tas haplogrupas ir F* klastera apak3grupas. Lidz ar
to arl p&c Y-STR datiem var pienemt, ka paraugs nr.4 atbilst kadai no F* klastera
haplogrupam. lesp&jams, ka haplogrupas noteik§anu apgriitinaja tas, ka paraugam nr.4

raksturiga AZFa+b+c delécija.

3.7. tabula. Parauga nr.5 Y-STR haplotips:
DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS|DYS
393 | 19 | 391 | 437 | 439 | 3891 |3891I| 438 | 390 |385a|385b| 392

B - -[-1-1-7T-71-1-71-71-71-

A

Péc bialélisko markieru analizes datiem, paraugs nr.5 pieder M9-G Y
hromosomas Iinijai. Ari §im paraugam, veicot talakas analizes ar attiecigajiem
bialeliskajiem markieriem (SRY1532 un Tat), neizdevas noskaidrot ta piederibu
noteiktai haplogrupai. Loti iesp&jams, ka haplogrupas noteikSanu arT §im paraugam
apgritindja paraugam nr.5 raksturiga AZFatb+c delécija. Veicot mikrosatelitu
analizi, paraugam tika noteikts tikai viens Y-STR varaints, respektivi, Y hromosomas
isd pleca DYS393 ar tam raksfurigiem 13 atkartojumiem (tabuld atziméti treknraksta).
DYS393 ar 13 atkartojumiem ir biezi izplatits Rietumeiropa (~82%), Sim
mikrosatelitam ir zems fnﬁtﬁciju biezums, un tas ir pazistams ari ka atlantiskais
modalais haplotips (Atlantic Modal Haplotype, AMH). Bez tam tieSi Sim
mikrosatelitam ir spéciga korelacija ar R1b Y hromosomas haplogrupu. Lidz ar to,
neskatoties uz to, ka paraugs nr.5 paradija tikai $1 viena unikala mikrosatelita al€les
varianta (DYS 393=13) klatbitni, ir iesp&jams noteikt parauga piederibu noteiktai Y
hromosomas haplogrupai, respektivi, R1b. Datorprogramma paradija 75% ticamibu.
Tas skaidrojams ar to, ka tikai viens mikrosatelits veidoja Y-STR haplotipu. Savukart
ir skaidri zinams, ka DYS393 mikrosatelits ar atkartojumu skaitu 12 vai 14 liecina par
daudz zemaku atbilstibu $ai haplogrupai (péc datorprogrammas; Athey, 2005; Athey,
2006).
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3.3. Géna CFTR molekulara izpéte

Darba ietvaros tika analizéti 82 neaugligu viriesu DNS paraugi. Lai butu
jespejams spriest par analiz€to géna CFTR mutaciju spektru neaugligu virieSu grupa,
pétjuma tika analizéti 75 DNS paraugi: 60 virie$i, tris paaudzés latviesi (teksta
Kontrolgrupa) un 15 cistiskas fibrozes slimnieki (teksta CF pacienti). Katra CFTR
mutdcija noteikta ar standartmetodém, ko lieto mutaciju noteikSanai, izpémums 8.

introna polimorfie rajoni (poli-T un poli-GT trakts) analizeti ar DNS sekveng3anas

palidzibu.

»

*

3.3.1. Gena CFTR mutaciju delF508 un R117H analize

Nosakot géna CFTR delF508 mutacijas klatbfitni 82 neaugligu virieSu DNS
paraugos, $T mutacija netika atklata.

Analizgjot 82 neaugligu viriesu DNS paraugus ar restrikcijas fragmentu
garuma polimorfisma (RFIiP) metodi, R117H mutacija tika sakotngji noteikta 13

paraugos. Sajos paraugos mutacija atradas tikai viena CFTR géna, lidz ar to attiecigie

neaugligie viriesi ir heterozigotiski p&c §Is mutacijas (3.4. attels).

-

1. sleja — garuma markieris
(pUC19, Fermentas),
2., 4. un 6. sleja — paraugi, kas nav
Skelti ar Haell restriktazi, kontrole, p&c
kuras salidzina RFLP ainas

226 bp 3. sleja — paraugs, kas Skelts ar
restriktazi, mutacijas nav (226 bp josla)
5. un 7. sleja — paraugi, kas Skelti ar

restriktazi, heterozigotiski péc
muticijas R117H (284 bp un 226 bp
joslas)

3.4, attéls. R117H muticijas analize neaugligu virieSu DNS paraugos (péc RFLP
metodes)

Ta ka R117H mutacijas biezums neparsniedz 0,8% Eiropas populacijas, tad
augstais §Ts mutacijas bieZums dotaja pétijuma izraisija Saubas par RFLP metodes

jutibu. Arf atkartotas 3o 13 paraugu RFLP analizes paradija tadus padus rezultatus. Lai
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pieraditu vai izslégtu varbitibu, ka mingtie paraugi satur R117H mutaciju (ir
heterozigotiski péc $is mutacijas), Sie paraugi tika analizeéti ar DNS sekvenéSanas
metodi. Sekven€Sanas rezultati neapSaubami paradija (3.5. attéls), ka analiztie
paraugi R117H mutﬁfciju nesatur.

bez mutacijas praimeris R117H_for

TCG'.’G.‘\TAGAGCGCTC‘ICT-’?CTTGTTAT-Z"’_‘GGGTJ

f\ ,ii y
/\ NAN A “ /) flg w \ /
M\i_”zx /\ /\A RAAN) JU}’_\ NYY /\/\f\ /\:. Y
e CcC G C & 4 T L G ElG C G |C T C ¢ T C C T T G T T 4 T ¢ ¢ G G G T

34 188 6 KT 66 w3 WD 31 3z el | 1da 135 13 Didl 155 e 200 det A 0% 260 a0d 06 QT J06 0¥ MW SN o % e JE 2w

3.5. attels. R117H muticijas sekvences analize neaugligu virieSu DNS paraugos
Sekvence iegiita, sekven€jot neaugliga virieSa DNS paraugu (p€c RFLP metodes
aizdomas par mutaciju) ar reverso praimeri R117H_rev (ieraméts ar melnu). Ar
sarkanu ieraméta seciba, kura novéro nukleotidu nomaigu (atziméts ar bultinu) jeb
R117H mutaciju (GCG normalais kodons, GTG butu kodons ar mutaciju)

3.3.2. Gena CFTR 8. introna poli-T un poli-GT polimorfismu analize

3.3.2.1. Géna CFTR poli-T polimorfisms

Géna CFTR poli-T secibas (poli-T trakts) 5T variants neaugligu virieSu grupa
bija satopams 3 gadijumos no analiz&tajam 164 alélém, kas atbilst 2%, 9T variants
bija novérojams 19 alelés jeb 12% gadijumu. Neaugligu viriesu DNS paraugos
visbiezak parstavetais poli-T variants bija 7T aléle, kas atbilst 87% no analizétam
alelém (3.4. tabula, 3.8. attéls).

Bez tam homozigotiska forma 7T aléle (7T/7T) atrodama 62 no analizétajiem
82 neaugligu virieSu DNS paraugiem. Heterozigotiska forma kopa ar 9T algli 7T
variants (7T/9T) sastopams 15 paraugos, bet tikai tris no analizétajiem paraugiem ir ar
heterozigotisko genotipu 7T/5T. Péc 9T aléles homozigotiski (9T/9T) ir divi paraugi
(3.5. tabula).

Analiz&jot géna CFTR poli-T polimorfismu kontroles grupas (virie$i, tris

Paaudzgs latvie§i) DNS paraugos, 5T variants bija satopams 10 gadijumos no
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analizétajam 120 alglém, kas atbilst 8%, 9T variants bija novérojams 18 alélés jeb
15% gadijumu. Lidzigi ka neaugligu virieSsu DNS paraugos, ari kontroles grupa
yisbiezak atrodama 7T al€le, kas aptver 77% no analiz&étajam alélem (3.8. tabula, 3.8.
attéls). ST alele homozigotiska forma (7T/7T) tika novérota 37 no analizétajiem 60
neaugligu viriesu DNS paraugiem (3.9. tabula). Heterozigotiska forma kopa ar 9T
alli 7T variants (7T/9T) sastopams 14 paraugos, un Cetros no analiz€tajiem
paraugiem 7T algle veido heterozigotisko genotipu 7T/5T. Lidzigi ka neaugligo
virieSu grupa, p&c 9T aléles homozigotiski (9T/9T) ir divi paraugi, turklat at8kirTgi ka
neaugligu virie$u DNS paraugos, kur genotips 5T/5T netika novérots, kontroles grupa

tris paraugi bija homozigotiski p&c 5T aleles (5T/5T).

»

*

3.8. tabula. Poli-T trakta alélu polimorfisms

Poli-T trakta Neaugligi virieSi | Kontroles grupa CF pacienti
alele n=164 (%) n=120 (%) n=30 (%)
9T 19 (12%)° 18 (15%)° 21 (70%)2°
7T 142 (87%)° 92 (77%) ¢ 8 (27%)°¢
5T 3(2%) 10 (8%)° 1 (3%)°

% statistiski ticamas at3kiribas, salidzinot 9T al€les biezumu CF pacientu un neaugligu virie$u

Earaugos (95% ticamibas intervals C1=0.396-0.723; ¥*=24.559, p<0.001)
statistiski ticamas at$kiribas, salidzinot 9T algles biezumu CF pacientu un kontroles grupas

paraugos (95% CI=0.356-0.693; x*= 16.320, p<0.001)
° statistiski ticamas atikiribas, salidzinot 7T aléles biezumu neaugligu viriesu un CF pacientu

paraugos (95% CI=0.411-0.732; x*= 7.834, p=0.005)
d statistiski ticamas atSkiribas, salidzinot 7T al€les biezumu kontroles grupas un CF pacientu

paraugos (95% CI=0.304-0.642; ¥*=5.804, p=0.016)
® statistiski ticamas at3kiribas, salidzinot 5T aléles bieumu kontroles grupas un neaugligu

Virie$u paraugos (95% CI=0.014-0.129; y’= 4.744, p=0.029)

70% gadijumu (21 no 30 alelém) cistiskas fibrozes viriska dzimuma pacientu
paraugos g&na CFTR 8. introna lokalizéta 9T al€le, kas atbilst literatiiras datiem (Chu
et al, 1993). Pretgji neaugligo virieu un kontroles grupas datiem, 7T alele CF
slimnieku paraugos atrodama 27% gadfjumu (8 no 30 alélém), un tikai viens paraugs
CFTR gena saturgja 5T aléli, kas savukart bieZak bija sastopama divas pargjas grupas
(3.8. tabula, 3.8. attéls). Lidz ar to, ka 9T al€le ir visvairak parstavétais poli-T trakta
variants CF pacientu paraugos, tad homozigotiska forma (9T/9T) to atrod devinos

paraugos no 15 analizétajiem, heterozigotisko genotipu 9T/7T var novérot trijos
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paraugos. Homozigotiski p&c 7T aleles (7T/7T) bija divi paraugi, un heterozigotiska

forma 7T alele bija kopa ar ST (7T/5T) tikai viena parauga (3.9. tabula).

3.9. tabula. Poli-T trakta genotipu polimorfisms analizétajos paraugos

Poli-T trakta Neaugligi viriesi Kontoles grupa CF pacienti
genotips n=382 (%) n=60 (%) n=15 (%)
— 9TAIT 2 2%)* 2 (3%)° 9 (60%)*°
7T/7T 62 (76%)© 37 (62%) “ 2 (13%) ¢
5T/ST nav 3 (5%) nav
. 9T/7T 15 (18%) 14 (23%) 3 (20%)
5T/7T "3 (4%) 4 (7%) 1 (7%)

= statistiski ticamas atikiribas, salidzinot 9T/9T genotipa bieZumu CF pacientu un neaugligu
virie¥u paraugos (95% CI=0.326-0.778; x’= 21.475, p<0.001)
b statistiski ticamas atSkiribas, salidzinot 9T/9T genotipa biezumu CF pacientu un kontroles

grupas paraugos (95% CI=0.311-0.770; x*=15.278, p<0.001)
 statistiski ticamas atSkiribas, salidzinot 7T/7T genotipa bieZumu neaugligu virieSu un CF

gacientu paraugos (95% CI=0.357-0.748; 1*= 4.978, p=0.026)
statistiski ticamas at¥kiribas, salidzinot 7T/7T genotipa bieZumu kontroles grupas un CF

pacientu paraugos (95% CI=0.052-0.462; ¥*=4.472, p=0.034)

Salidzinot poli-T trakta alélu un genotipu sastopamibu analiz&tajos paraugos,
tika noskaidrots, kuri alélu un genotipu varianti parada statistiski ticamas at3kirTbas
analizétajas paraugu grupas (3.8. un 3.9. tabulas, 3.6. att€ls).

Poli-T trakta 9 T aléle ir biezak sastopama CF pacientiem, salidzinot ar
neaugligu viriedu (95% CI=0.396-0.723; ¥?=24.559, p<0,001) un kontroles grupas
(95% CI=0.356-0.693; x?= 16.320, p<0.001) paraugiem. Savukart 7T al€le, kas ir
visbiezakais poli-T variants neaugligu virieSu DNS paraugos, neparada statistiski
ticamas atskiribas (95% CI=0.009-0.193; ¥?=0.344, p=0.558), salidzinot §Ts alEles
bieumu ar kontroles grupu, tadu 7T aléle mazak sastopama CF pacientu grupa,
salidzinot ar neaugligu (95% CI=0.411-0.732; x*= 7.834, p=0.005) un kontroles
grupas (95% CI=0.304-0.642; x?=5.804, p=0.016) DNS paraugiem. Poli-T trakta 5T
alele, kas, péc literatiras datiem (Chillon et al., 1995), biezak sastopama CBAVD
(iedzimts vas deferens trukums, congenital bilateral absence of the vas deferens)
gadijuma, $aja pétijuma vairak parstavéta kontroles grupas paraugos, salidzinot ar $is

aléles biezumu neaugligiem viriesiem (95% CI=0.014-0.129; y’= 4.744, p=0.029).
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Salidzinot ST aléles frekvenci kontroles grupas un CF slimnieku paraugos, statistiski

ticamas at3kiribas netika novérotas (95% CI= -0.089-0.119; %?=0.240, p=0.624).

Poli-T polimorfisms
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3.6. attéls. Géena CFRT poli-T alélu polimorfisms neaugligu virieSu, kontroles
grupas un cistiskas fibrozes pacientu DNS paraugos

Ta ka 9T aléle, ka iepriek§ minéts, ir biezak satopama CF pacientiem, tad
attiecigi 9T/9T genotips ir visbiezak parstavéts tieSi CF slimnieku paraugos, salidzinot
ar neaugligu viriesu (95% CI=0.326-0.778; x?=21.475, p<0.001) un kontroles grupas
(95% CI=0.311-0.770; x?=.15.278, p<0.001) paraugiem. Lidzigi dati iegti arT 7T/7T
genotipa gadijuma, jo, pateicoties 7T aléles augstajai izplatibai neaugligu virieSu un
kontroles grupas hromosomas, 7T/7T genotips vismazak parstavéts CF pacientu
grupa, salidzinot ar neaugligu viriesu (95% CI=0.357-0,748; v*= 4.978, p=0.026) un
kontroles grupas (95% CI=0.052-0.462; x’= 4.472, p=0.034) paraugiem. Pargjie
genotipi (5T/5T, 9T/7T, 5T/7T), kas tika novéroti analiz&tajos paraugos, neuzradija
statistiski ticamas at8kiribas starp parauggrupam.

3.3.2.2. Géna CFTR poli-TG polimorfisms

Neaugligu virieSu DNS paraugos géna CFTR 8. introna poli-TG secibu (poli-
TG trakts) var veidot $adas aléles: 12TG, 11TG, 10TG un 9TG. Biezak sastopamais
TG dinukleotidu atkartojumu variants ir 11TG, kas veido 52% no analizétam alelem
(86 no 164 alglem). Otrs biezak satopamais TG polimorfisms ir 10TG, kas atrodams

59 alslas un kas atbilst 36% no analizétajiem paraugiem. Dinukleotidu atkartojumi
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12TG un 9TG sastopami daudz retak, respektivi, 15 alelém raksturigs 12TG variants

(9%), bet tikai 4 al€les ir satopamas 9TG forma (2%) (3.10. tabula, 3.7. attéls).

3.10. tabula. Poli-T'G trakta alelu polimorfisms

Poli-TG trakta Neaugligi viriesi Kontroles grupa CF pacienti
alele n=164 (%) n=120 (%) n=30 (%)
12TG 15 (9%) 18 (15%) 1 (3%)
11TG 86 (52%)*° 52 (43%)° 4 (13%)*°
10TG 59(36%) 48 (40%) 15 (50%)

. 9TG 4 (2%)° 2(2%)° 8 (27%) ¢
8TG " nav nav 1 (3%)
TG nav nav 1 (3%)

* statistiski ticamas at¥kiribas, salidzinot 11TG alles bieZumu neaugligu virieSu un CF
gacientu paraugos (CI=0.211-0.501; %*=6.077, p=0.014)

statistiski ticamas at3kiribas, salidzinot 11TG aléles bieZumu kontroles grupas un CF
pacientu paraugos (95% CI=0.116-0.420; %*=4.003, p=0.045)
¢ statistiski ticamas atskiribas, salidzinot 9TG aléles biezumu CF pacientu un neaugligu
virieu paraugos (95% CI=0.112-0.421; x*=16.438, p<0.001)
dstatistiski ticamas at¥kiribas, sa]idzinot 9TG aléles biezumu CF pacientu un kontroles grupas
paraugos (95% CI=0.118-0.428; x>=15.471, p<0.001)

Turklat 18 no 82 neaugligu virieSu paraugiem ir homozigotiski péc 11TG
aléles (11TG/11TG), bet 8 paraugi veido 10TG/10TG genotipu. Tikai divi paraugi
CFTR génd nes 12TG aleli homozigotiska stavokli (12TG/12TG), tacu Cetras ieprieks

pieminétas 9TG aléles nav sastopamas homozigotika forma, bet kopa ar 11TG aléli

veido 11TG/9TG heterozigotisko genotipu (3 paraugi no 82) un 10TG/9TG genotipu.

V&l ir sastopamas citas poli-TG trakta al€]u heterozigotiskas formas. Ta, pieméram,

visbiezakais variants ir 11TG/10TG genotips, kas atrodams 39 paraugos, tam seko

12TG/11TG (8 paraugi), un tikpat reti ka 11TG/9TG genotips, respektivi, trTs paraugi

parstav 12TG/10TG genotipu (3.11. tabula).

Lidzigi ka neaugligu virieSu DNS paraugos, arT kontroles grupas paraugos
CFTR géna 8. introna poli-TG traktd var atrast $adas algles: 12TG, 11TG, 10TG un
9TG. Poli-TG trakta vienlidz bieZi parstavétas ir 11TG un 10TG aléles, respektivi,
43% (52 11TG alélés no visam 120 analiz&tajam) un 40% (48 TG10 al€les). Otrs

bieZakais alé]u variants $aja grupa ir 12TG (15% jeb 18 al€les), kas ir vairak neka

neaugligu virieSu paraugos konstatgtais (9%) (3.10. tabula, 3.9. attels). Tikai divas
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aléles parstav 9TG variantu, un abas s aléles izveido attiecigi 10TG/9TG un
11TG/9TG  genotipu. Abi minétic genotipi parstav katrs vienu paraugu.
Homozigotiskais 11TG/11TG genotips ir viens no bieZak parstavétajam alglu
Kkombindcijam, un atrodams 12 no 60 analizétajiem kontroles grupas paraugiem (3.11.
tabula). Sim genotipam seko 10TG/10TG variants, kas atrodams septinos paraugos.
gavukart abas biezi sastopamas aleles 11TG un 10TG izveido vél 11TG/10TG
heterozigotisko genotipu, kas parstavéts 21 parauga. 12TG aléle nav sastopama

homozigotiska forma, tatu kopa ar 10TG veido 11TG/10TG kombinaciju (12 paraugi)
un 12TG/11TG genotipu (6 paraugi).

3.11. tabula. Poli-TG trakta genotipu polimorfisms

Poli-TG trakta Neaugligi virieSi Kontroles grupa CF pacienti
genotips n=82 (%) n=60 (%) n=15 (%)
12TG/12TG 2 (2%) nav nav
11TG/11TG 18 (22%) 12 (20%) 0
10TG/10TG 8 (10%)* 7(12%)° 6 (40%)*°
ITG/ITG nav nav 3 (20%)
12TG/11TG 8 (10%) 6 (10%) 1 (7%)
12TG/10TG 3 (4%) ¢ 12 (20%) © 0
11TG/10TG 39 (48%) 21 (35%) 2 (13%)
11TG/ITG 3 (4%) 1 (2%) 1 (7%)
10TG/9TG 1 (1%) 1 2%) 1 (7%)
8TG/7TG nav nav 1 (7%)

" statistiski ticamas at$kiribas, salidzinot 10TG/10TG genotipa biezumu CF pacientu un
neaugligu virieSu paraugos (95% CI1=0.084-0.550; = 4.332, p=0.037)
b statistiski ticamas at3kirTbas, salidzinot 10TG/10TG genotipa bieumu CF pacientu un

kontroles grupas paraugos (95% CI=0.056-0.533; x’= 4.171, p=0.041)
® statistiski ticamas at¥kiribas, salidzinot 12TG/10TG genotipa biezumu kontroles grupas un

neaugligu virie§u paraugos (95% CI=0.059-0.284; x*= 6.339, p=0.012)

Cistiskas fibrozes slimnieku DNS paraugos géna CFTR poli-TG traktu var
veidot $adas aleles: 12TG, 11TG, 10TG, 9TG, 8TG un 7TG. Biezak sastopamais TG
dinukleotidu atkartojumu variants ir 10TG, kas sastada 50% no analizetajam al€lém
(15 no 30 alélém). Otra bieZak sastopama aléle CF virieSu poli-TG sekvencg ir 9TG,
kas sastada 27% (8 algles no 30). Cetros CFTR génos atrod 11TG aléli (13%), un pa
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vienai alglei 12TG, 8TG un 7TG poli-TG seciba (3.6. tabula, 3.9. attéls). Kopuma Saja
paraugu grupa vairak atrod Tsakus poliTG variantus, kas arT atbilst literatliras datiem
(Chillon et al., 1995; Cuppens & Cassiman, 2004). 8TG/7TG genotips sastopams tikai
viend parauga no 15 analiz&tajiem un veido unikalu literatlra Iidz S§im neminétu alélu
kombinaciju (3.11. tabula), kas netika atrasta arT abas par€jas pétijuma analiz&tajas
grupas. CF pacientu CFRT hromosomas neatrod ari 12TG un 11TG aleju
homozigotiskas formas, turklat sastop 10TG/10TG (6 paraugi) un 9TG/9TG (3
paraugi) genotipus. Vel sastopami 3¥adi genotipi: 11TG/10TG (divi paraugi),
12TG/11TG, 11TG/9TG un 10TG/9TG (katrs genotips pa vienam).

Poli-TG polimorfisms
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. B CF pacienti \
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030¢
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3.7. attéls. Gena CFRT poli-TG alé]u polimorfisms neaugligu viriesu, kontroles
grupas un cistiskas fibrozes pacientu DNS paraugos

Salidzinot poli-TG trakta algju un genotipu sastopamibu analiz&tajos paraugos,
tika noskaidrots, kuri alélu un genotipu varianti parada statistiski ticamas atskiribas
analizétajas paraugu grupas (3.10. un 3.11. tabulas, 3.7. attgls).

Poli-TG trakta alele 11 TG vairak sastopama neaugligu virie3u (CI=0.211-
0.501; %?=6.077, p=0.014) un kontroles grupas (95% CI=0.116-0.420; x*=4.003,
p=0.045) paraugos, salidzinot ar CF pacientu paraugkopu. Bez tam, salidzinot
neaugligu un kontroles grupas géna CFTR poli-TG polimorfisma 11TG variantu,
statistiski ticamas at3kiribas netika novérotas (95% CI= -0.026-0.205; x2=0.434
p=0.510). Savukart 9TG alele, kas atbilst vienam no Tsakajiem TG dinukleotida

101




atkartojumiem, vairak parstavéta CF pacientu paraugos, salidzinot ar neaugligu
yirie$u (95% CI=0.112-0.421; v*=16.438, p<0.001) un kontroles grupas (95%
C1=0.118-0.428; x*=15.471, p<0.001) paraugiem. Par&jam TG alélém (12TG, 10TG),
kuras novéro visas analizétajas parauggrupas, statistiski ticamas atSkiribas starp
analizétajiem paraugiem netika noverotas.

Salidzinot poli-TG trakta TG genotipus analiz&tajas paraugu grupas, statistiski
ticamas at3kiribas tika novérotas 10TG/10TG un 12TG/10TG genotipu variantiem.
Genotips 10TG/10TG vairak sastopams CF pacientiem, salidzinot ar neaugligu virieSu
(95% CI1=0.084-0.550; x?= 4.332, p=0.037) un kontroles grupas (95% CI=0.056-
0.533; x*= 4.171, p=0.041) paraugiem. Turklat 12TG/10TG genotips ir domingjo3ais
variants kc;ntroles grupas hromosemas, salidzinot ar neaugligo virieSu grupu (95%
CI=0.059-0.284; x*= 6.339, p=0.012). Savukart 12TG/10TG genotipa klatbiitne CF
pacientu paraugos nav noverota. Analizgjot 11TG/10TG genotipu biezumu visas trijas
paraugu grupas ar statistiskas analizes datorprogrammu CIA (ticamibas intervala
analize, Confidence Interval Analysis, CIA; proportions and their diferences 95%
confidence interval for the difference, Newcombe method), tika apstiprinats, ka
11TG/10TG genotips ir biezak sastopams neaugligiem virieSiem, salidzinot ar
kontroles grupu (95% CI=0.075-0.489). Tacu, veicot x? analizi, statistiski ticami dati,
salidzinot §T genotipa varianta izplatibu abas minétajas paraugu grupas, netika iegati
(x’= 0.647, p=0.421). legitie rezultati liecina par to, ka 11TG/10TG genotips ir
biezak sastopams neaugligiem virieSiem neka kontroles grupa, ta¢u nevar apgalvot, ka
Sie dati ir neapSaubami statistiski ticami, jo viena metode parada statistiski ticamas
atSkiribas, bet otra ne. Pargjie TG genotipi, kas parstavéti visas paraugkopas,
sastopami vienlidz bieZi vai arf ir unikali kadai no grupam (aprakstits ieprieks, vai

skatit 3.10 un 3.11. tabulu) un statistiski ticamas at8kiribas neparadija.

3.3.2.3. Gena CFTR poli-T un poli-TG trakta polimorfisms (I/LG haplotipi)

Nosakot poli-T un poli-TG polimorfismu géna CFTR 8. introna 82 neaugligu
virie§u hromosomas, tika iegiiti $adi rezultati: analizétie DNS paraugi izveido astoqus
dazadus poli-TG dinukleotida atkartojumu un poli-T trakta haplotipus (poli-T al€les
un poli-TG aléles apkopojums), respektivi, 9T/11TG, 9T/10TG, 9T/9TG, 7T/12TG,
7T/11TG, 7T/10TG, 5T/12TG, un ST/11TG (3.12. tabula; 3.8. attgls).
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3.12. tabula. Poli-T un poli-TG trakta alélu (T/TG haplotipu) polimorfisms

:"- Poli-T un poli-TG trakta | Neaugligi virie§i | Kontroles grupa CF pacienti

| aleles n=164 (%) n=120 (%) n=30 (%)

—9T/1ITG 3 (2%) 1 (1%) 1 (3%)
9T/10TG 12 (7%) 15 (13%)° 12 (40%)*°
9T/9TG 4 (2%)° 2 (2%)° 8 (27%)°¢
TTN2TG 14 (9%) 14 (12%) 1 (3%)
TT/11TG 81 (49%) ¢ 45 (38%) " 3 (10%)°"
7T/10TG 47 (29%) 33 (28%) 3 (10%)

- TT/ITG nav nav 1 (3%)
5T/12TG 1 (1%)8 6 (5%)® 0
5T/11TG 2 (1%) 4 (3%) 0
5T/8TG nav nav 1 (3%)

 statistiski ticamas at¥kiribas, salidzinot 9T/10TG aléles bieumu CF pacienti un neaugligu

virieSu paraugos (CI=0.396-0.723; x=14.233, p<0.001)

b statistiski ticamas atSkiribas, salidzinot 9T/10TG aléles bieZzumu CF pacienti un kontroles
grupas paraugos (95% CI=0.356-0.693; ¥*=6.264, p=0.012)

Sstatistiski ticamas at¥kiribas, salidzinot 9T/9TG algles biezumu CF pacienti un neaugligu

virie$u paraugos (95% CI=0.112-0.421; ¥?=16.438, p<0.001)

dstatistiski ticamas at3kiribas, salidzinot 9T/9TG algles biezumu CF pacienti un kontroles
grupas paraugos (95% CI=0.118-0.428; ¥*=15.471, p<0.001)

* statistiski ticamas at3kiribas, salidzinot 7T/11TG aléles bieZumu neaugligu virie$u un CF

Pacienti paraugos (95% CI=0.220-0.494; 1*=6.829, p=0.009)

statistiski ticamas atSkiribas, salidzinot 7T/11TG aléles biezumu kontroles grupas un CF
pacienti paraugos (95% CI=0.099-0.386; ¥*=4.01, p=0.045)

8 statistiski ticamas at¥kiribas, salidzinot ST/12TG algles bieZzumu kontroles grupas un
neaugligu virie$u paraugos (95% CI=0.005-0.099; x*=3.635, p=0.022)

Biezak parstavétais haplotips ir 7T/11TG, kas parstav 49% no analizétajiem
paraugiem (81 no 164 alélém), savukart otrs biezakais ir 7T/10TG géna CFTR
haplotips, kas sastopams 47 alglés (29%). 7T/12TG un 9T/10TG haplotipi sétopami
apmeram 10% katrs. Pargjie poli-T un poli-TG trakta polimorfismi parstaveti saméra
reti (< 2% katrs).

Interesanti, ka 17 paraugi (no 82 neaugligu virieSu paraugiem) ir
homozigotiski péc 7T/11TG haplotipa, otrs biezak parstavétais homozigotiskais
genotips ir 7T/10TG (8 paraugi), turklat abu haplotipu heterozigotiska kombinacija
7T/11TG-7T/10TG sastopama 27 paraugos (3.13. tabula).
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3.13. tabula. Poli-T un poli-TG trakta genotipu (T/TG haplotipu) polimorfisms

Poli-T un poli-TG trakta | Neaugligi virieSi | Kontroles grupa CF pacienti
genotipi * n=82 (%) n=60 (%) n=15 (%)
[ 9T/11TG; ST/IITG 1 (1%) nav nav
9T/10TG; 9T/10TG nav nav 5(33%)
9T/9TG; 9T/ITG nav nav 3 (20%)
7T/12TG; 7T/12TG 2 (2%) nav nav
7TN1TG; TT/11TG 17 (21%) 10 (17%) 0
TT/10TG; 7T/10TG 8 (10%) 7 (12%) 1 (7%)
5T/11TG; ST/11TG nav 2 (3%) nav
9IT/11TG; 9T/10TG ) 1 (1%) 1 (2%) 0
9T/10TG; 9T/ITG nav 1 2%) 1 (7%)
9T/11TG; 7T/12TG nav nav 1 (7%)
9T/10TG; 7T/12TG 2 (2%) 6 (10%) 0
9T/10TG; 7T/11TG 9 (11%) 7 (12%) 1 (7%)
9T/9TG; 7TT/11TG 3 (4%) 1 2%) 1 (7%)
9T/9TG; 7T/10TG 1(1%) nav nav
TT/12TG; TT/11TG 8 (10%) 5 (8%) 0
7T/12TG; 7TT/10TG nav 3 (5%) nay
TT/11TG; 7T/10TG 27 (33%) 12 (20%) 1 (7%)
5T/12TG; 7T/10TG 1 (1%) 3 (5%) 0
ST/11TG; 7TT/10TG 2 (2%) 1 (2%) 0
5T/8TG; TT/TTG nav nav 1 (7%)
5T/12TG; ST/11TG nav 1 (2%) nav

* statistiski ticamas atikiribas, salidzinot poli-T un poli-TG genotipu variantus analiz&tajas
parauggrupas netika noverotas

Pétot kontroles grupas parstavju (60 paraugi) poli-T un poli-TG polimorfismu
géna CFTR, tika iegti 3adi poli-TG dinukleotida atkartojumu un poli-T trakta
haplotipi: 9T/11TG, 9T/10TG, 9T/9TG, 7T/12TG, 7T/11TG, 7T/10TG, 5T/12TG, un
ST/11TG (3.12. tabula; 3.8. att€ls). Sie haplotipi ir tadi pasi ka neaugligu virieSu
parauggrupa, un ari to bieZums ir Joti 1idzigs. Tapat ka neaugligu virieSu CFTR genos,

ari kontroles grupas hromosomas bieZak parstavétais haplotips ir 7T/11TG, kas
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sastida 38% no analizétajiem paraugiem (45 no 120 alglem), un otrs biezakais ir
7T/10TG géna CFTR haplotips, kas sastopams 33 alelés (28%). 13% gadijumu sastop
9T/10TG un 12% — 7T/12TG, lidzigi dati ieguti arT neaugligu virieSu paraugos, kur
minétie haplotipi sastopami apméram 10% katrs. Pargjie poli-T un poli-TG trakta
polimorfismi parstavéti saméra reti (£ 5% katrs). Homozigotiski péc 7T/11TG
haplotipa ir 10 paraugi (no 60), 7T/10TG homozigotiskais variants parstavéts septinos
paraugos, un abu haplotipu heterozigotiska kombinacija 7T/11TG-7T/10TG
sastopama 12 paraugos (3.13. tabula).

Cistiskas fibrozes slimniekiem poli-T un poli-TG traktos atrod $adus gé€na
CFTR haplotipus: 9T/11TG, 9T/10TG, 9T/9TG, 7T/12TG, 7T/11TG, 7T/10TG,
7T/7TG, 5T/8TG (3.12. tabula; 3.10. attéls). Saja paraugu grupa paradas 7T/7TG un
5T/8TG haplotips, kas iepriek§ mingtajas abas paraugu grupas nebija sastopams,
savukart CF pacientiem neatrod 5T/12TG un 5T11TG haplotipus, kas parstaveti
desmit kontroles grupas un tris neaugligu virieSu paraugos. 40% no visiem CF
pacientu paraugiem veido 9T/10TG haplotips (12 al€les no 30 analizetajam). Sis
variants sastopams ari piecos paraugos homozigotiska forma. Otrs biezak sastopamais
haplotips CF grupa ir 9T/9TG, kuru sastop astonas alelés (27%), un attiecigi seSas no
aléléem izveido trTs paraugos lokalizeto 9T/9TG homozigotisko formu (3.13. tabula).

CFTR alé]u proporcijas katra specifiska poli-TG un poli-T haplotipa at3kiras
starp neaugligu virieSu géna CFTR alélém un cistiskas fibrozes pacientu aléleém.
Salidzinot poli-T un poli-TG trakta alélu un genotipu sastopamibu analiz&tajos
paraugos, tika noskaidrots, kuri alg]u un genotipu varianti parada statistiski ticamas
at¥kiribas analizétajas paraugu grupas (3.12. un 3.13. tabulas, 3.8. attels). BieZakais
haplotips starp neaugligu virieu CFTR alglém ir 7T/11TG. Sis haplotips visretak
sastopams CF slimnieku paraugos, salidzinot ar neaugligu virieSu (95% CI=0.220-
0.494; %*=6.829, p=0.009) un kontroles grupas (95% CI=0.099-0.386; x’=4.01,
p=0.045) paraugiem. Savukart, salidzinot 7T/11TG haplotipu neaugligu virieSu un
kontroles grupas paraugos, statistiski ticamas at3kirbas novéroja, tikai veicot analizi
ar statistiskas analizes datorprogrammu CI4 (95% CI=0.002-0.230). Veicot x? analizi,
statistiski ticami dati, salidzinot 31 haplotipa varianta izplatibu abas min€tajas paraugu
grupas, netika iegtiti (x*= 1.292, p=0.256). legitie rezultati liecina par to, ka 7T/11TG
haplotips ir bieZak sastopams neaugligiem virieSiem neka kontroles grupa, tacu nav

iespgjams apgalvot, ka $ie dati ir neapSaubami statistiski ticami, jo viena metode
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parada statistiski ticamas atkiribas, bet otra ne. Lidziga situacija noverojama arf
7T/10TG haplotipa gadijuma, kad salidzina neaugligu virie3u paraugus ar CF pacientu
grupu (péc CIA statistiski ticamas at3kiribas, 95% CI=0.018-0.285; p&c x? analizes
dati neparada statistiski ticamas atSkiribas y°=2.289, p=0.130), ka arf salidzinot
~ kontroles grupu (pec CI4 statistiski ticamas at¥kiribas, 95% CI=0.003-0.283; péc %
analizes dati neparada statistiski ticamas at3kiribas %*=1.967 p=0.161) ar CF pacientu

7T/10TG haplotipa rezultatiem.

CFTR haplotips
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0351 e Nl | ICF pacienti
0,307 BED I R ‘
0,25 B ‘; N

0204
01511
0104
0,05
0,00 {

11TG [10TG| 9TG |12TG|11TG [10TG| 7TG 12TG|11TG | 8TG

3.8. attéls. Gena CFRT poli-T un poli-TG al&ju polimorfisms neaugligu virieSu,
kontroles grupas un cistiskas fibrozes pacientu DNS paraugos

Savukart 9T/10TG (40%) un 9T/9TG (27%) ir biezakie haplotipi starp
cistiskas fibrozes pacientu alglem. 9T/10TG haplotips ir biezak sastopams CF
slimniekiem, salidzinot ar neaugligu virieSu (95% CI=0.396-0.723; y°=24.559,
p<0,001) un kontroles grupas (95% CI=0.356-0.693; x*= 16.320, p<0.001)
paraugiem. Lidzigi 9T/9TG haplotips ir bieZak sastopams CF pacientiem, salidzinot ar
neaugligu viriesu (95% CI=0.112-0.421; v*=16.438, p<0.001) un kontroles grupas
(95% CI1=0.118-0.428; %x*=15.471, p<0.001) paraugiem. Savukart neaugligo virieSu
géna CFTR haplotipu varianti Tpasi neatSkiras no kontroles grupas CFTR haplotipiem,
un statistiski ticamas at3kiribas abas paraugu grupas nenovéroja, izpemot 5T/12TG
haplotipu, kas biezak sastopams kontroles grupa (95% CI1=0.005-0.099; x?= 3.635,
p=0.022). Pargjie T/TG haplotipi, kas parstavéti visas paraugkopas, sastopami
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vienlidz bieZi vai arf ir unikali kadai no grupam (aprakstits ieprieks, vai skatit 3.12 un
3.13. tabulu) un statistiski ticamas at3kiribas neparadija. Tapat, analizgjot poli-T un
poli-TG trakta genotipus, statistiski ticamas at3kiribas starp pétfjuma aplakotam
paraugu grupam netika novérotas (3.13. tabula).

Turklat literattira (Chillon et al., 1995; Cuppens & Cassiman, 2004; Gallati et
al, 2009) piemingtas, neaugligu virieSu hromosomas atrodamas CFTR al€les, kas
veido 9T/13TG, 7T/13TG, 5T/13TG, 9T/12TG, 5T/10TG, 7T/9TG, 5T/9TG haplotipu

variantus, netika atrastas starp 164 neaugligu virieSu CFTR alélem.

3.3.3. Géna CFRT poli-T un poli-TG polimorfismu analize virieSiem ar smagu

neaugﬁbas formu .

Pamatojoties uz iegiitajiem rezultatiem par géna CFRT poli-T un poli-TG
trakta alé]u un genotipu variantu savstarp&jo lidzibu (aprakstits 3.2.2. punkta), tika
veikta atseviku neaugligu virieSsu DNS paraugu géna CFTR polimorfisma datu

analize, un meklgta saistiba ar noteiktam neauglibas formam (3.14. tabula).

3.14 tabula. Géna CFRT poli—’i‘ un poli-TG aleju polimorfisms virieSiem ar smagu
neauglibas formu

Algles variants Azoospermija Oligozoospermija P
n=24 n=74

= 9T 4 8 0,754
= 7T , 19 66 0,869
A~ 5T 1 0 0,567
o 12GT 5 6 0,258
¥ 11GT 11 38 0,944
E 10GT 6 29 0,511
9GT 2 1 0,329
9T/11GT 0 3 0,769
ol 9T/10GT 2 4 0,627
£ 9T/9GT 2 1 0,329
£l 7T/12GT 4 6 0,492
S| 7T/11GT 11 35 0,893
7T/10GT 4 25 0,334
5T/12GT 1 0 0,567

Lai veiktu $o uzdevumu, tika izvélétas divas paraugkopas — azoospermijas (12
no 100 neaugligu virieSu paraugiem) un oligozoospermijas (26 no 100 neaugligu

virieSu paraugiem) pacientu paraugi. Salidzinot abu grupu géna CFTR polimorfo ale]u
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T un TG bieZumu, biitu iespgjams novertet, vai pastav kada saistiba géna CFTR
polimorﬁsmam un viriedu neauglibai Latvijas neaugligo virieSu paraugos. DiemZel,
apkopojot datus un veicot statistisko datu apstradi ()’ analize; Yates' korelacija),
neizdevas atrast statistiski ticamas at3kiribas péc poli-T un poli TG variantu izplatibas

azoospermijas un oligozoospermijas gadijuma (3.14. tabula).

3.3.4. Gena CFTR 8. introna poli-T un poli-TG traktu polimorfismu variacijas
dazados pétijumos

Vairak ka 20 gadus ir zinams, ka noteiktas mutacijas (delF508, R117H, poli-T
trakta 5T algle) un polimorfismi (poli-T un poli-TG traktu 5T/12TG, 5T/13TG al€les)
génd CFTR ir iemesls CBAVD (congenital bilateral absence of vas deferens)
attistibai. Tagu pastiprinata uzmaniba $o mutaciju un polimorfismu izp&té atsakusies,
picaugot pieprasijumam péc maksligas apauglosanas (in vitro fertilization, IVF)
procediram. Ta ka tiei neobstruktivas azoospermijas pacienti ir galvenie IVF
kandidati, 11dz ar to géna CFTR mutaciju apzinaSana ir nozimiga.

Lai salidzinatu géna CFTR poli-T un poli-TG trakta polimorfismu pétjjumu
rezultatus veikta vairaku, pé;: analiz&to objektu atlases, 11dzigu p&tljumu analize (3.15.
tabula). Sajos pétijumos poli-T un poli-TG varianti noteikti neaugligiem virieSiem ar
neobstruktivu azoospermiju un oligozoospermiju un kontroles grupai, kas parstav
visparigo populaciju. P&tfjumos salidzinato paraugkopu statistiska analize nav veikta,
jo interesgjosas mutacijas un polimorfismi paraugkopas parstaveti neliela skaita.

Zinams, ka géna CFTR 8. introna 5T aléle ir biezaka mutacija CBAVD
gadijuma un tas biezums $aja obstruktivas azoospermijas pacientu grupd ir 21%
(Cuppens & Cassian, 2004). Bez tam vairakos petjjumos, kur analizéta 5T mutacija
neobstruktivas azoospermijas vai smagas oligozoospermijas gadijumos, arT novero 5T
aléles parsvaru neaugligiem virieSiem, salidzinot ar kontroles grupu. Péc vairaku
pétijumu datiem, 5T mutacijas biezums daZadas populacijas vari€ no 2% (Latvija) lidz
15% (Portugale). Lielakaja dala analizéto pétfjumu neaugligu virieSu populacija 5T
algle sastopama ~ 5% gadijumu. Vislielaka $is al€les frekvence tika novérota jau
pieminétaja portugdlu pétjuma — 15%, un Itilijas neaugligajiem virieSiem ST
mutacija sastopama 9% gadijumu. Savukart 5T aleles izplatiba vispariga populacija

lielakaja daja pétijumu ir ~ 4%, iznémums Vacijas populacija, kur 5T variants
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vispariga populacija sastopams reti (1%), un, pret&ji, Latvijas populacija 5T aléle
kontroles populacija sastopama biezak (8%) neka citviet. Portugales, Italijas un
vacijas pétljumos ir izdevies paradit 5T aléles saistTbu ar izmainitu spermatogenézi,
Kuras iemesls nav séklas vada obstrukcija (Granglia et al., 2004; Tamburino et al.,

2008; Gallati et al., 2009).

3.15. tabula. Géna CFTR poli-T polimorfismu petljumu rezultati

(71 Poli-T aléles
Objekti Analizéta populacija 9T T 5T
Latvija 12% 87% 2%
(promocijas darbs; n=164) (19/164) | (142/164) (3/164)
" | Griekija . 10% 85% - 5%
% (Kanavakis et al., 1998; n=20) (2/20) (17/20) (1/20)
= ASV 8% 87% 5%
.E) (Mak et al., 2000; n=90) (7/90) (78/90) (5/90)
=) Portugale 5% 80% 15%
= (Granglia et al., 2004; n= 44) (2/44) (35/44) (7/44)
z Italija 8% 83% 9%
(Tamburino et al., 2008; n=226) | (18/226) | (187/226) (21/226)
Vacija 14% 80% 6%
(Gallati et al., 2009; n=604) (88/604) | (486/604) | (33/604)
. Latvija 15% 77% 8%
=, (promocijas darbs; n=120) (18/120) (92/120) (10/120)
& Eiropa . 12% 83% 5%
2 = | (vairakas Eiropas populacijas | (57/498) | (415/498) (26/498) -
2 2 | p&c Chilon et al., 1995; n=498)
§ s | Portugale, 15% 81% 4%
:E 8 (Granglia et al., 2004; n= 228) (35/228) | (185/264) | (8/264)
2 £ |Kina 1% 95% 4%
E E (Huang et al., 2008; n=264) (3/264) (251/264) | (10/264)
2 < | Ialija 10% 86% 4%
£ (Tamburino et al., 2008; n=480) | (46/480) | (413/480) (21/480)
g Vicija 15% 84% 1%
(Gallati et al., 2009; n=94) (14/94) (78/94) (1/94)

Gena CFTR poli-T trakta 7T algle ir bieZakais $1 géna 8. introna polimorfisma
variants, kas analizétajos p&tijumos sastopams lidziga frekvence neaugligu viriesu
grupa (80 — 87%) un kontroles grupa (77% - 84%), iznemot Kinas populaciju, kur 7T
aléles bieZzums ir 95%.

Saméra lidziga aina novérojama, salidzinot 9T aleles izplatibu analiz&tajas

populacijas un parauggrupas, ta, pieméram, neaugligiem virieSiem 9T aléles bieZums
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. nEmums Portugalé — 5%), un kontroles grupa 10 — 15% (izgémums
as poli—T trakta alélu izplatiba skaidrojamas ar at3kirigu paraugu skaitu
as, ka -arl ar individu etnisko izcelsmi (Kina). Bez tam pgtitas
_ .o‘spel‘m ijas un oligozoospermijas pacientu grupas ir heterogénas, un
umos pacientu atlases kritériji ir at8kirigi. Iesp&jams, ka pastav ari
ifisks poli-T atkartojumu spektrs, I1dzigi ka to novéro citu géna CFTR
_,:” (Consortium for CF Genetic Analysis; 2009). Bez tam arl nav
._mi citdas Eiropas populacijas, kas analizétu lidzigu idiopatiskas
' mus, kas, savukart lautu izvertét dazadu poli-T aleJu variantu
'-go gen&zes traugcjumiem.

-CFTR polimorfisms, kas kopa ar 5T aléli korelé ar virie$u neauglibu
qa 12TG un 13TG alg]u varianti (Cuppens & Cassian, 2004). Lielaka
IG polimorfisms analizets tikai saisttba ar ST mutaciju, ka arT parsvara
aa analize veikta CBAVD pacientiem, tadg] ir griiti veikt korektu miisu
dzinajumu ar citas laboratorijas iegiitiem datiem. Misu pétljumam
ki pieeja un datu interpretacija paradita vacu pétijuma (Gallati et al.,
 §is petjjums uzskatami parada 5T/12TG un 5T/13TG al&]u saistibu ar
matogené&zi, kuras iemesls nav s€klas vada obstrukcija. Vacu pétijuma

5T/13TG haplotipus atrod tikai neaugligu virieSu DNS paraugos,

“¢itu CFTR haplotipu (7TATG)n, 9T/(TG)n) izplatiba analizetajas
S un p&tijumos. 7T/11TG haplotips sastopams abas analizetajas grupas
dz biezi abos pétijumos (~ 55% péc Vacijas pétfjuma un 38 — 49%
ma). Otrs biezakais haplotips, kas satopams abos pétfjumos ir 7T/10TG
5, turklat Vacijas visparéja virieSu populacija haplotips 7T/10TG
zak (21 ,3%) ka neaugligu virie3u grupa (14,8%). Latvijas populacija Sis
S parauggrupas izplatits vienlidz biezi (28,7% un 27,5%). 9T/11TG
ak sastopams Vacijas populacijas kontroles grupa (5,3%) salidzinot ar
jjas kontroles grupu (0,8%), tatu neaugligu virie3u grupa abos
Kiffbas nenovero. Savukart 9T/10TG haplotips ticsi preteji biezak
f"jas populacijas kontroles grupa (12,5%) salidzinot ar Vacijas
turklat Vacijas neaugligu virieSu grupa (11,6%) $o haplotipu
K Latvijas neaugligu virie$u grupa (7,3%).
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3.16. tabula. Gena CFTR poli-T un poli-TG haplotipu petijumu rezultati

™ Poli-T un poli-TG Promocijas darbs Gallati et al., 2009
haplotips Neaugligi Kontroles Neaugligi Kontroles
(poli-T, poli-TG viriedi grupa viriesi grupa
trakta aléles) |  (n=164) (=120) (n=604) (0=94)
9T/11TG 1,8% 0,8% 2,8% 5,3%
9T/10TG 7,3% 12,5% 11,6% 9,6%
9T/9TG 2,4% 1,7% 0,2% -
7T/12TG 8,5% 11,7% 11,2% 5,3%
7T/11TG 49,4% 37,5% 53,8% 56,4%
7T/10TG 28,7% 27,5% 14,8% 21,3%
5T/13TG - - 0,7% -
5T/12TG 0,6% 5,0% 2,2% -
ST/11TG 1,2% 3,3% 2,6% 1,0%

Iesp&jams, ka variacijas poli-T un poli-TG haplotipu izplatiba arf skaidrojamas

ar at¥kirigu analizéto paraugu skaitu un heterogéno neobstruktivas azoospermijas un

oligozoospermijas pacientu grupu, kas analiz&ta abos petijumos.

Lidz ar to vél jo projam ir aktuali papladinat analiz&to paraugu skaitu, it Tpa3i
pacientu ar neobstruktivu azoospermiju un smagu oligozoospemiju, lai biitu iespgjams

izdarit secindjumus par géna CFTR mutaciju un polimorfismu lomu virieSu

reproduktivas patologijas attistiba.

111




4. Diskusija

4.1. Y hromosomas mikrodeléciju noteik§anas metodes ievieSanas

nepiecieSamiba Latvija

Y hromosomas mikrodelécijas ir otrs biezakais genétiskais spermatogenézes
fraucgjumu iemesls virieSu neauglibai péc Klainfeltera sindroma (Simoni et al., 2004).
Y hromosomas mikrodeléciju noteik3ana ir rutinas diagnostikas metode daudzas
pasaules un Eiropas molekularas genétikas vai andrologijas laboratorijas. Eiropas
andrologu akadémija (Euro;)ean Academy of Andrology, EAA) un Eiropas
Molekularas genétikas kvalitates kontroles apvieniba (Europena Molecular Genetics
Quality Network, EMQN) atbalsta un sekmé Y hromosomas mikrodeléciju analizes
jevieSanu laboratorijas, publicgjot rekomendacijas $Ts analizes veikSanai un
organizéjot argjas kvalitates parbaudes. Ta ka Latvija lidz §im Y hromosomu
noteik$ana netika piedavata ka diagnostikas metode, tad $T darba viens no galvenajiem
uzdevumiem bija aprobét un ieviest Latvija $o precizo un jutigo analizes metodi.

Pilnveidojoties izpratnei par Y hromosomas molekularo organizaciju un Y
hromosomas mikrodel&ciju ra§anas mehanismiem un izstradata 3o deléciju molekulara
diagnostikas metode. Analizes pamata ir Y hromosomai specifisku secibu klatbiitnes
vai tas trikuma (delécijas) noteik3ana ar multiplekso polimerazes kédes reakciju
(PCR), kas ari padara %o metodi par labi piemérotu akuratai diagnostikai.

Kapéc nepiecie$ams ieviest Y hromosomas mikrodeleciju analizes metodi
Latvija? Pirmkart, Y hromosomas mikrodel&cijas nav iespgjams noteikt, balstoties uz
citogenétiskam (hromosomu krasoanas un mikroskopiskas analizes) metodém,
klinisko anamnézi vai spermas analizi. Lidz ar to nepiecieSamas molekularas
diagnostikas metodes, tadas ka polimerazes k&des reakcija (PCR). Otrs aspekts
nepiecieSamibai ieviest S0 metodi ir paradit Eiropas kontekstd, ka arl Latvija
iespgjams precizi un kvalitativi veikt Y hromosomas mikrodeléciju analizi. EMON
organizétas kvalitates anonimas parbaudes rada, ka vel joprojam ir laboratorijas, kuras
kladaini tiek noteikta mikrodeléciju klatbiitne analizétajos paraugos (pacienta
genotips) vai arf dati tieck nepareizi interpretéti (pacienta fenotips). Y hromosomas

mikrodelgciju diagnostikas precizitate tika parbaudita 2009. gada (A.Puzukas
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promocijas darba ietvaros), piedaloties EMON organizétaja laboratoriju kvalitates
Kontroles testéSana. Rigas Stradipa universitates Molekularas genétikas laboratorija
anonimiem EMQN atsiititiem paraugiem ar nezinamu mikrodeléciju ainu tika pareizi
noteikti genotipi — konkrétu AZF rajonu mikrodel&ciju klatbiitne vai to trukums, ka ari
izveidota kvalitativa atskaites forma pacientam, kura precizi atspogulotas
rekomendacijas attiecigo mikrodel&ciju gadijuma. Péc EMON specialistu izvértéjuma
RSU Molekularas biologijas laboratorija realizéta Y hromosomas mikrodel&ciju
diagnostikas un interpretacijas precizitate tika novértéta ar 2 punktiem (maksimalais
punktu skaits par genotipa precizu noteik3anu) un 1,67 punktiem par interpretaciju
(apstiprindjums pielikuma).

" Kapéc vajag atklat Y hromosomas mikrodelecijas? Ta ka Iidz Sim Y
mikrodelécijas Latvija netika noteiktas, tad metodes ievieSana lava apzinat Y
hromosomas mikrodeléciju biezumu virieSiem ar idiopatisku neauglibu. Darba
ietvaros tika noteikts, ka mikrodeléciju biezums ir 5%. Bez tam aprobgto metodi
iespgjams piedavat ki rutinas skrininga metodi idiopatiskas virie$u neauglibas
gadijuma, tadejadi dajai no $o pacientu, ja mikrodel&ciju klatbuitne tiktu apstiprinata,
varetu palidzet uzstadit diagnozi, izvértet maksligas apauglo$anas iesp&ju un

potencialos riskus, ka arT atvieélot para genétisko konsult€3anu.
4.1.1. Teteiktais algoritms Y hromosomas mikrodeléciju noteik3anas shema

Kados gadijumos javeic Y hromosomas mikrodelgciju analize? Péc citu autoru
datiem un darba iegiitiem rezultatiem, Y hromosomas mikrodeleciju analize javeic
neaugligiem virie§iem, kuriem novéro samazinatu spermatozoidu skaitu (<5x106/mL)
— smagu oligozoospermiju vai spermatozoidu trikumu ejakulata — azoospermiju,
kuras pamata nav obstrukcijas, neaugliba nav argjas vides izraisita un tas c€lonis nav

hormonali trauc&jumi vai citogenétiska patologija (skatt algoritmu).

Algoritma izmantoto saisinajumu skaidrojums:

LH - luteniz&jo$ais hormons;

FSH - folikulu stimul&jo3ais hormons;

T — testosterons;

Azoospermija — nav spermatozoidu ejakulata

Oligozoospermija — samazinats spermatozoidu skaits ejakulata
FISH — fluorescentd hibridizacija (fluorescent in situ hybridization);
IVF — maksliga apauglosana (in vitro fertilization)
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Izveértgjot 3aja pétijuma iegitos datus un literatlira aprakstito, ir iespejams
izdalit trfs gadijumus, kad vajadzétu veikt Y hromosomas mikrodelgciju analizi:
1) lai noteiktu neauglibas etiologiju un precizétu neauglibas diagnozi;
2) lai izlenttu par seklinieku biopsijas nepiecieSamibu/lietderigumu
azoospermijas gadijumos, un spermatozoidu ekstrakciju no sekliniekiem;
3) lai veiktu para genétisko konsultéSanu pirms tiek veikta maksliga

apaugloSana.

4.1.1.1. Y hromosomas mikrodeléciju analize neauglibas diagnozes precizéSanai un

slimibas etiologijas noteikSanai

-

»

Y hromosomas analize biitu javeic virieSiem ar neobstruktivu azoospermiju
vai smagu oligozoospermiju. Jautajums, ko uzskatit par smagu oligozoospérmiju, veél
jo projam ir atklats tapéc, ka nav skaidri definets, kadi ir smagas oligozoospermijas
kritériji. Piem&ram, EMON Y hromosomas mikrodeléciju noteikSanas rekomendacijas
iesaka %o analizi veikt pacientiem, kuru spermatogrammas spermatozoidu skaits ir
<1x10%/mL, pamatojot, ka tie¥i 3aja grupa biezak novéro mikrodel€cijas. Savukart
pacientiem ar spermatozoidu skaitu >1x10%mL — 5x10%mL mikrodelgcijas novéro
[oti reti. Visbiexak mikrodelécijas novéro azoospermijas pacientiem, kuriem
mikrodeléciju analizi veic 'pirms seklinieku biopsijas, piem&ram, Sertoli 3unu
sindroma gadijuma (SCOS) (Simoni et al., 2004). Savukart P. Vogt (2005), apkopojot
vairaku autoru datus, parada, ka mikrodelgcijas atrod arT pacientiem ar spermatozoidu
skaitu <10x10%mL. V&l citi autori apgalvo, ka mikrodelécijas janosaka pacientiem,
kuru spermatozoidu skaits ir <5x10%mL (Krausz & McElreavey, 1999; Reyes-Vallejo
et al., 2006; Bhasin, 2007). Izvértgjot $aja darba iegiitos rezultatus par mikrodeleciju
klatbitni un spermatozoidu skaitu, var secinat, ka Latvijas neaugligo virieSu
populacija mikrodel&cijas novéro gadijumos, kad spermatogrammas dati liecina par
smagu neauglibas formu, respektivi, spermatozoidi nav atrodami ejakulata vai arl
novéro tikai paris spermatozoidus mikroskopijas redzes lauka. Tadgjadi varetu ieteikt
mikrodeléciju analizi veikt 1dzigi, ka iesaka Simoni et al, tomer, lai atstatu neievérotu
kddu mikrodeléciju un lidz ar to netiktu noteikta nepareiza diagnoze, ieteicamais
kritérijs varétu biit analizét visus atbilstosos neauglibas gadijumus, ja spermatozoidu

skaits ir <5x10%/mL. Mikrodel&ciju analize virie$iem ar vieglakam neauglibas formam
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nebatu rekomendgjama, jo Y hromosomas mikrodeléciju biezums $aja grupa ir [oti
zems.

Lai precizétu, vai mikrodel&cijam pastav vél kada korelacija ar jau iepriek$
minéto spermatozoidu skaita samazina3anos ejakulata, ir veikti dazadi pétijumi un
meklgtas iespgjamas korelacijas. Oates ar kolégiem, analizgjot 42 oligozoospermijas
un azoospermijas pacientus ar AZFc mikrodelécijam, noteica, ka Siem virieSiem
nenovéro kadas noteiktas nozimigas veselibas problémas (Oates et al., 2002). ArT par
reproduktivo funkciju atbildigo hormonu — folikulu stimulizéjosa hormona (FSH),
lutizingjo3a hormona (LH) un testosterona (T) limenis gan $o pacientu grupa, gan arl
neaugligo virieSu grupa, kuriem ir neobstruktiva azoospermija, bet Y mikrodel&cijas
pav novérotas to Y hromosomas, neparadija nozimigas at3kiribas (Reyes-Vallejo et
al,, 2006). Ari analiz&jot $aja pétijuma atlasito neaugligo pacientu datus, nebija
iespejams atrast kadu saistibu ar mikrodelciju klatbiitni un hormonalam izmainam.
Daudzi autori mégindjusi atrast saistibu Y hromosomas mikrodel&ciju klatbiitnei ar
yiriedu reproduktivas sistémas anomalijam. Ari Sajos pétfjumos netika noveérota
nekada asociacija ar reproduktiva trakta anatomiskdm izmaindm vai saistiba ar
hipospadiju un kriptorhismu azoospermijas gadijumos (Reyes-Vallejo et al., 2006).
Tas norada, ka virieSiem, kuriem identificé mikrodelécijas Y hromosoma, nav citas
veselibas problémas, ka vienigi neaugliba. Turklat var secinat, ka virie§iem ar zinamu
neauglibas iemeslu, tadu’ka kriptorhisms vai parslimota epidemiska parotita radits
orhits, nav nepieciefams veikt Y hromosomas mikrodel€ciju analizi, jo minétie
notikumi nav saistiti ar mikrodelécijam. Tapat Y hromosomas mikrodel€écijas nav
nepiecieams noteikt pacientiem ar obstruktivu azoospermiju, jo $ajos gadijumos
jamekle citi céloni — anatomiski defekti vai citi gendtiski determinéti iemesli,

pieméram, mutacijas CFTR géna.

4.1.1.2. Y hromosomas mikrodeleciju analize azoospermijas pacientiem pirms

seklinieku biopsijas veikSanas

Idiopatiskas azoospermijas (neobstruktivas) ~gadijuma molekularo Y
hromosomas mikrodeléciju analizi iespgjams izmantot ka alternativu — pacientam
“draudzigu” metodi, lai noskaidrotu nobriedusu spermatozoidu klatbtni vai to
trikumu  sékliniekos pirms séklinieku biopsijas veik3anas. Ja neizmanto Y

mikrodeléciju noteik3anas metodi, tad, lai noteiktu spermatozoidu klatbiitni, javeic
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seklinieku biopsija ar tai sekojou biopsijas parauga génu ekspresijas analizi, kas
paraditu, vai seklinieka audos var atrast markiera génu, kas tiek ekspreséts
pécmejotiskajis viriSkajas dzimum$iinas, respektivi, spermatidas vai nobrieduSos
spermatozoidos. Ja %0 ekspresiju novéro, tas liecina, ka s€kliniekos ir nobriedusi
spermatozoidi. Gadijumos, kad neaugligs virietis izvélas veikt maksligas
apauglo3anas procediiru (intracytoplasmic sperm injection, ICSI), nepiecieSams veikt
seklinieku biopsiju jeb spermatozoidu ekstrakciju no sekliniekiem (testicular sperm
extraction, TESE). Pirmkart, séklinieku biopsija pacientam ir nepatikama procedira,
otrkart, iesp&jams, ka ta tiks veikta veltigi, jo netiks atrasti nobriedusi spermatozoidi
péc ekspresijas analizes. Visbeidzot iesp&jams, ka pacients bis japaklauj atkartotai
séklinieku biopsijai, lai iegitu nobrieduSus spermatozoidus talakam maksligas
apaugloSanas manipulacijam. Tadéjadi izmantojot Y hromosomas mikrodeleciju
noteik$anas metodi un noskaidrojot AZF deléciju variantu pirms sé€klinieku biopsijas,
tick aiztaupita pacientam nevajadziga/nelietderiga procediira, ka arT dargas un
laikietilpigas g€nu ekspresijas analizes.

Y hromosomas mikrodeléciju molekularie p&tjjumi atkldj So deléciju ralanas
mehanismus un parada, kuri spermatogenézé iesaistitie géni ir zaudéti, kas savukart
lauj saprast katra Y hromosomas mikrodel&cijas varianta fenotipisko izpausmi un lidz
ar to netiesi, bet precizi demonstré, kuros gadijumos s€klinieku biopsija dos vélamo
efektu — tiks iegiiti nobriedusi spermatozoidi. Pacientiem ar pilnu AZF rajona deléciju
parasti sékliniekos nav dzimumsiinu (Sertoli $tinu sindroms), savukart pacientiem ar
pilnu AZFb rajona deléciju seklinieckos neatrod p&cmejotiskas dzimum3unas
(spermatidas un spermatozoidi). Pacientu grupai ar AZFa un AZFb mikrodelécijam
nav ieteicams veikt séklinieku biopsiju, lai ekstragétu spermatozoidus un veiktu
turpmaku ISCI, jo parasti 3Ts procediiras nav veiksmigas un nesniedz v€lamo rezultatu
(Vogt, 2005). Mikrodelécijas, kas skar vairak neka vienu AZF rajonu (AZFatc un
AZFa+b+c), arf ir saistitas ar situdciju, kad ar s€klinieku biopsijas palidzibu nav
iesp&jams iegiit spermatozoidus (Brandel et al., 1998).

Turklat, ja pacienta Y hromosoma atklatas dal&jas AZFb, AZFc vai ari pilna
AZFc rajona delécijas, tad 3ados gadijumos bieZi (50% gadijumu) nobrieduSus
spermatozoidus atrod vismaz daZos izlocitajos s€klinieku kanalinos. Mingtajai
pacientu grupai parasti daZos séklinieku kanalinos novéro pilnu spermatogenézes

procesu, ki rezultata daZreiz pat iesp&jams noveérot dazus nobrieduus spermatozoidus
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pacienta ejakulata (piem@ram, kriptozoospermijas gadijuma, spermatozoldu skaits <
1milj/ml) (Vogt, 2005).

Jaatzimé, ka Y hromosomas mikrodeléciju noteikSanas metode ir balstita uz

divu katram Y hrom6somas AZF rajonam specifisku markieru (sequence target sites,
STS) klatbiitnes vai to trikuma noteikSanu katra no AZF rajoniem. Ja analize uzrada
tikai viena STS trikumu AZFa vai AZFb rajona, tad ta ir jaatkarto vai ari, atkartoti
jegiistot tadu paSu rezultatu, janoskaidro %o mikrodeléciju izm&rs un robeZpunkti,
izmantojot citus markierus (nav iekJauti rutinas diagnostika) (Simoni et al., 2004;
Vogt, 2005). Jo tikai pilna AZFa un/vai AZFb rajona delécijas pacienta Y hromosoma
liecinds par spermatogenézes traucgjumiem un nobriedusu spermatozoidu trikumu

izlocitajos seklinieku kanalipos.

4.1.13. Y hromosomas mikrodeleciju analize un pdra genétiski konsultesana,

pirms tiek veikta maksliga apaugloSana

Neaugligiem viriesiem, kuri atbilst ieprieks aprakstitajiem kriterijiem, Y
hromosomas mikrodel&ciju analize ir nozimiga ne tikai diagnozes uzstadisanai, bet arT
genétiskajai konsultéSanai pirrﬁs maksligds apauglosanas procediiras. Y hromosomas
izmaipas, kas ir konstatétas pacienta Y hromosoma ar ICSI metodes palidzibu, tiks
nodotas 100% visiem vTrf§kﬁ dzimuma p&cnacgjiem. Ir zinams, ka viri$ka dzimuma
pécnacgjiem, kuru tévu Y hromosoma noveéro mikrodelécijas (biezdk AFZc), biis tads
pats Y hromosomas genotips (Silber et al., 1998; Mau-Kai et al., 2008; Poongathai et
al., 2009). Zinami ari tadi gadijumi, kad AZFc rajona delécijas, kas tiek parmantotas
maksligas apaugjo$anas rezultatd, viridka dzimuma pécnacgju Y hromosoma izmainas
— Klust lielakas, jo AZF rajoni ir paklauti de novo mutdciju rafanas iesp&jai, kam
pamata ir homologas rekombinacijas notikumi (Kuroda-Kawaguchi et al., 2001; Chan
et al., 2002).

Apkopojot iepriek§ aprakstito, gen&tiskaja konsultésana pari vajadz€tu
informét, ka, izmantojot neaugliga virie3a (t&va), kurs ir pozitivs pec Y hromosomas
mikrodelécijam, spermatozoidus ICSI procedira, visi viri%ka dzimuma p&cnacgji
sapems ¥o gen&tisko defektu un arl bis neaugligi. Tadu pozitivi ir tas, ka Y
hromosomas mikrodelécijas nav saistitas ar citam veselibas problémam ka tikai
neauglibu. Savukart visi sieviska dzimuma pécnacgji biis veseli un augligi, jo Y

hromosomu no téva nemantos.
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¢ 7. Y hromosomas mikrodeléciju noteikSanas metoZu salidzinajums

Citogenétisko metoZu attistiba pagdjusa gadsimta 50. gados Java noteikt

limibu hromosomalo dabu, un p€c tam, attistoties hromosomu krasoSanas

daudzu S
radas iespéja noteikt slimibas, kuru célonis ir hromosomu fragmentu

nikﬁm’
delecijas. velak, 80. un 90. gados, paradoties molekularam muticiju diagnostikas

metodem, bija iespgjams izprast un analizét slimibas molekularaja ItmenT. Lidz ar to

zinams, ka nav vairs skaidri nodalams slimibu hromosomalais un molekularais

kluva
smalaja limeni

limenis, jo izmaipas molekularaja limenT noved pie izmainam hromo
(Pena, 1998).

I bMikrodelécijas péc definicijas ir delécijas, kuru izméri ir m
‘mikroskopa iz8kirtspeju (Shaffer, 1997). Analizgjot haploidu Kkariotipu ar rutinas
0 — 500 joslas metafazes

azaki par gaismas

citogenétiskas analizes palidzibu, iespejams iz8kirt 40
hromosoma. Saja limeni var atklat 5 — 10 Mb lielas del&cijas. Delécijas, kas mazakas
izmantojot polimerazes kedes

reakciju (PCR), fluorescento in situ hibridizaciju (FISH), PRINS (Primed IN Situ

par 5 — 10Mb, var noteikt ar molekularam metodém —

labeling), un citas metodes.
Ir vairakas uz PCR balstitas molekularas metodes, ar kuru palidzibu var

noteikt Y hromosomas mikrodelgcijas. So metoZu pamata ir viens princips, un tiek

izmantota multipleksa PCR tehnika. Metodes princips ir noteikt Y hromosomas AZF

rajonos lokalizétu, Siem rajoniem specifisku DNS secibu (markieru, STS — sequence

target sites) Kklatbitni vai trikumu. Metodes atSkiras ar to, cik vienkarsi, atri,

nepielaujot kludas iespgjams realizét attiecigo analizi (4.1. tabula). M&s salidzinajam

divas metodes — komerciali pieejamo Y hromosomas mikrodeléciju noteik3anas

komplektu (Promega 2.0) un EMON (Eiropas Molekularas genétikas kvalitates

kontroles apvieniba; The European Molecular Genetics Quality Network) izveidoto

rekomendaciju ieteikto multiplekso PCR Y hromosomas mikrodelgciju analizei

(Simoni et al., 2004). Komercialais komplekts aptver 21 Y hromosomas lokusu

(markieri), no kuriem divi kalpo ka reakciju kontroles, bet pargjie 19 atrodas noteiktos

AZF rajonos. Tadgjadi, ja kads no lokusiem ir zaudgts, tas netiks amplificgts PCR

laika un apstiprinas noteikta AZF rajona delgciju. Savukart EMON mikrodelgciju

noteikganas rekomendacijas iesaka analizé izmantot astopus markierus, no Kuriem

divi markieri tiek izmantoti ka metodes kontroles, bet pargjie sesi atrodas AZF rajonos
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(katra AZF rajona divi markieri). Varétu domat, ka komercialais komplekts ir labaks,

jo tiek izmantoti vairaki markieri un tap&c analize ir specifiskaka, bet tomer ta nav, jo
EMON rekomendaciju autoriem izdevies pieradit, ka analizei izvéletie sedi markieri ir
unikali AZF rajoniem un ar tiem nek|udigi var noteikt pilnas AZFa, AZFb un AZFc
rajonu delEcijas. Bitiskdkais o abu metoZu salidzinajuma ir pieradit, kura no
metodem ir labak pielagota atrai un kvalitativai Y hromosomas mikrodeléciju
noteik¥anai molekulards genétikas laboratorija. Manuprat, komerciali piedavatajai
metodei ir vairaki trikumi — tadi ka laikietilpigums, sareZgita analizes izpildes gaita —
javeic piecas multipleksas PCR reakcijas ar vienu paraugu, lai varétu noteikt
mikrodeléciju klatbiitni, un katra no 3im piecam multipleksajam reakcijam Vel
japieviendo pozitivas un negativas kontroles. Tapéc, lai pagatavotu vienu paraugu, ir
nepieciesams izlietot vairak reagentu (vienam paraugam pieci stobrini un vel tris
kontroles stobrini) un materidlu. Pastav ari sajaukSanas risks, ta ka vienlaikus
jasagatavo pieci atkirigi multipleksie maisTjumi un trTs kontroles vienam paraugam.
Savukart EMON rekomendétas metodes pamata ir divu multiplekso PCR (ieklauti
interesgjosiec AZF, rajoniem specifiskie markieri divos multipleksos) atbilsto3u
negativo un pozitivo kontroju sagatavoSana vienam paraugam. Divas multipleksas
PCR tiek izvélétas, lai izslegtu diagnostikas k]idas. EMON rekomendéta metode ir
daudz lstaka, atrak un tehniski vieglak izpildama, turklat pastav mazaks risks kltdu
iesp€jai. Lidz ar to var secinat, ka molekularas genétikas laboratorija ka atra un
kvalitativa (95% jutiba; Simoni et al, 2004) Y hromosomas mikrodel&ciju
diagnostikas tehnika atzistama EMQN rekomendeta un citas Eiropas laboratorijas
atzita metode.

Izvértejot abas metodes no molekulara viedokla, arT var atrast faktus, kas nak
par labu EMQON ieteiktajai pieejai (4.1. tabula). Komercialaja Promega noteikSanas
sistéma ka iek¥eja kontrole tiek lietots SMCX/SMCY markieris. Markiera lietoSanas
biitiba ir paradit, ka PCR reakcija tick amplificeta DNS, kas lauj izvertet negativu
joslu iemeslus, ta, piemé&ram, ja géla nebitu redzama neviena josla, tai skaita arl
SMCX/SMCY fragments, tas liecinatu par to, ka nav iegita pietickami kvalitativa vai
pietickami koncentréta DNS. Probléma ar $o SMCX/SMCY markieri ir tada, ka
pavairotais fragments ir neliels (83 bp), tadg] pastav risks, ka Sis markieris PCR
metodes ipatnibu de] var tikt pavairots vairak neka garakiem fragmentiem (tiek
sp&cigak pavairots) (Aknin-Seifer et al., 2003). Interesanti, ka miisu pétfjuma, veicot

paraugu analizi, komercialas metodes A multipleksd analize uzraddija negativu
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SMCX/SMCY markieri, kam vajadzétu liecinat par apSaubamu rezultatu iegtiSanu, tatu
citos multipleksos (B, C, D) tie pasi paraugi kontroles markieri uzradija. Lai izslégtu
jepriek$min@tas probleémas, EMON ieteiktaja metod& izmanto citu iek$gjo kontroli —
7FX/ZFY, kura tiek anplificéta pec lidziga principa, tadu pavairota fragmenta garums
atbilst 495 bp. Ta ka ZFX/ZFY ir garakais no fragmentiem, ko novéro EMQON
mikrodelgciju shéma, 1idz ar to tas PCR gaita nekonkur€ ar Tsakiem fragmentiem, kas

parada specifisko AZF rajonu klatbiitni vai trikumu.

4.1. tabula. Komerciali pieejamas un EMQN rekomendétis Y hromosomas

mikrodeléciju noteikianas metoZu salidzinajums

Parametri, péc Komercgjali pieejama Y EMQQN rekomendégta
ka salidzina mikrodeléciju noteikianas metode | mikrodel&ciju noteiksanas metode
™ Izpildijums SareZzgita procediiru virkne Viegli izpildama, vienkar3a parauga
izmekl&jama parauga sagatavoSanai | sagatavoSanas un analizes shéma.
un analiz&$anai.
Laiks Laikietilpiga Atra
Multiplekso PCR | Katrs paraugs jaanalize ar pieciem Katrs paraugs jaanalizé tikai ar
skaits multipleksiem PCR; pastav diviem mulitipleksiem PCR; mazs
pievienojamo reagentu un paraugu pievienojamo reagentu un paraugu
sajauk$anas risks. sajauk$anas risks.
STS markieri Izmanto 19 S7S, lielais markieru Izmanto se$us ST, visi markieri ir
skaits nedod labakus rezultatus, jo informativi.
daudzi markieri ir neinformativi.
Iek3ejas kontroles | SMCX/SMCY, kas nav labi ZEX/ZFY, kas ir piemérotaka iek3¢ja
markieris piemérota iek3gja PCR kontrole. PCR kontrole.
Rezultatu Saregita analizéto paraugu g€la Viegli saprotama/izsekojama
interpretacija ainas interpretacija. paraugu géla ainas interpretacija.
Izmaksas Darga (~88 EUR par paraugu, ~ 10 X letaka (~6 EUR par paraugu,
neiekjaujot samaksu par analizes neiek]aujot samaksu par analizes
veik3anu). veikSanu).

Cita komercialas Promega noteik3anas metodes neprecizitate ir tas, ka analizé
ir iek]auts ta saucamais ceturtais AZF rajons jeb AZFd rajons. AZFd rajonu pirmoreiz
aprakstijis Kent-First ar kolggiem 1999. gada, un 3is rajons atrodas starp AZFb un
AZFc rajoniem un fenotipiski saistits ar smagu teratozoospermiju (Kent-First et al.,
1999). Talu, noskaidrojot AZF rajona sekvenci (Skaletsky et al., 2003), Sobrid
akceptgtais AZF rajonu iedalfjums ir AZFa, AZFb un AZFc. Turklat AZFb un AZFc
rajoni parklajas, bet $o parklajuma rajonu nav nepiecieSams izdalit ka ceturto rajonu,
at¥kirigas (pieméram,

jo nepastav no pargjiem AZF rajoniem kliniski
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teratozoospermijas) pacientus grupas (Simoni et al., 2004). Lidz ar to V&l joprojam
omercialais komplekts analiz€ genétiski neakceptétu AZF rajonu un lieto markierus,
kas lokalizeti 3aja rajona, bet nav informativi neaugligiem virieSiem. Visi STS
markieri, kurus izmanto komercialaja komplekta AZFd rajona analizei (Promega 2.0:
sY145, sY152, sY242, sY208; iepriek3gja kita versija Promega 1.1 izmantotie STS:
sY153, sY 220, sY 150, sY 232, sY 262, sY 221), ka zinams p&c Y hromosomas AZF
rajonu sekvences datiem, atrodas AZFc rajona (6C — 6E deléciju intervala) (Reijo et
al., 1995; Vogt et al., 1997; Skaletsky et al., 2003), un sY152 un sY153 lokaliz&ti
AZFc proksimalaja dala (Kuruda-Kawaguschi et al, 2001). Turpretim EMQON
rekomendacijas Y hromosomas analizei rekomende I&taku, &rtaku, atraku, péc Y
hromosémas AZF rajonu strukturalam Ipatnibam un pacientam nozimiga kliniska
raksturojuma standartizétu Y mikrodeléciju noteikSanas metodi. Lai panaktu $is ertas,
informativas metodes izveidi, ir veiktas daudzas optimizacijas un starplaboratoriju
teste¥anas, ka rezultatd optimizéti vairaki parametri. Pirmkart, petijumi lava atsijat
neinformativos ST (sY535, sY75, sY138, sY143, sY231, sY272 un sY167) un izslégt
no analizes (Simoni et al., 2001; Aknin-Seifer et al., 2003; Simoni et al, 2004).
Otrkart, tika paradits, ka dazi STS uzrada atSkirigus rezultatus starplaboratoriju
pétijumos (sY152, sY1353, sY2§6, sY166, sY147) un tadejadi kluva skaidrs, ka Sie
markieri ir polimorfi vai atkartoti vairakas kopijas Y hromosoma (Vogt et al., 1997).
Tredkart, tika precizi parﬁdﬁs; ka parak daudzu STS analize AZFc rajona var biit par
iemeslu viltus pozitiviem rezultatiem. Pieméram, markieris sY153 atrodas AZFc
rajona un iepriek$ tika izmantots komercialaja analizes sistema, bet, peéc EMON
datiem, tiek atzits par polimorfu markieri. Zinot, ka is markieris ir nepiemérots AZFc
rajona deléciju noteik$anai, pacientiem nevar apstiprinat 3is delécijas klatbutni Y
hromosoma. Visbeidzot tika apstiprinats, kadas kontroles lietot Y hromosomas
mikrodeléciju diagnostika. Sobrid atzits, ka katra analiz€ jalieto divas negativas
kontroles — sievietes DNS un paraugs, kur DNS vieta izmanto fideni, ka arT pozitiva
kontrole — augliga virieSa DNS paraugs. EMON metod€ izmantoto STS markieru
analize ir pietiekama, lai noteiktu vairak neka 95% kliniski nozimigu Y hromosomas
deléciju variantus (Simoni et al, 2004) un analizé neuzraditu viltus pozitivus
rezultatus.

Pastdv ar citas Y hromosomas mikrodeléciju noteik$anas metodes, tadas ka
molekuléra citogenétikas metode PRINS (Primed IN Situ labeling) (Kadandele et al.,
2002), DNS &ipu tehnologija (Lee et al., 2004) vai genotipéSana (Yeom et al., 2008).
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Sie protokoli ir interesanti, parsvara balstiti uz EMON izveidotas shémas principu,

tacu ir laikietilpigi, sareZgiti izpildimi vai prasa jaunako tehnologiju — dargu
analizatoru iegadi analizes veik3anai rutinas diagnostika.

Apkopojot 3T darba ietvaros veikto, ka arT abu ieprieks aprakstito molekularo
metoZu salidzinajumu, var secinat, ka molekularas genétikas laboratorija rutinas Y
hromosomas mikrodeléciju diagnostikai piemérotaka un precizus rezultatus
atspogulojoda metode ir EMQON ieteikta analizes pieeja. Lidz ar to Latvija ir aprob€ts
vienkar$s Y hromosomas mikrodeléciju noteik3anas PCR protokols, kura pamata ir
EMQN ieteiktd shéma, tatu veiktas daZas modifikacijas, lai piem&rotu analizi
konkrétas laboratorijas apstak]iem. Sts modifikacijas ir PCR reakcijas reZima —
hibridiZacijas temperatiiras paaugstinaSana no ieteiktajiem 57°C uz 62°C, kas
pamatojams ar PCR analizei izmantota aparata tehnisko parametru atSkiribam
(izmantota citas firmas iekarta). Otra modifikacija ir paraugu analize 8%
poliakrilamida ggla, kas atkiras no EMON ieteiktas analizes 2% agarozes géla. St
modifikacija balstita uz izpilditaja personigo pieredzi, kuru géla materialu izvEleties

¢értakai analizei.

4.2.1. Pilnu AZFa+b+c Y hromosomas deléciju noteik§anas metodes -

citogenétiskas pret molekularajam

Y hromosomas mikrodeléciju noteikSanas molekularas, PCR balstitas
metodes, ka iepriek¥ aprakstita EMON rekomendeta, ir loti labas, lai noteiktu
intersticialas mikrodelécijas Y hromosoma. Tomér §Tm metodem ir ierobeZojumi, jo
nav iespéjams noteikt, cik génu no vienas génu saimes (daudzkopiju géni)
mikrodelecijas dé] ir zaudéti. Izmantotie ST nosaka konkréta géna trikumu vai
klatbaitni, bet ne to kopiju skaitu. Lidz ar to ar §is metodes palidzibu nav iesp&jams
noteikt dajgjas del&cijas, kas skar daudzkopiju génus (DAZ géni AZFc rajona). Tomer
literatiira liclaka dala autoru uzsver, ka dajgjas AZFc rajona mikrodel&cijas ir loti
variabla grupa un asociacija ar virie$a neauglibu ir neskaidra (McElreavey et al.,
2007). Otrkart, pastav varbiitiba, ka kads pacients ir mozaikis p&c Y hromosoma
mikrodel&cijam, 1idz ar to arT pastav risks neprecizi interpretét $o pacientu neauglibas
statusu. Ari § situdcija satopama Joti reti un nav japem vera rutinas diagnostika, tadu
individualos gadfjumos ir jaizvérté Y hromosomas mikrodeléciju mozaicisma

noteikdanas nepiecie$amiba (LeBourhis et al, 2000). Lai atrisinatu abas
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jepriekSmingtas situacijas, nepiecie$amas citas metodes — molekularas citogengtikas
metodes — tadas ka FISH (fluorescent in situ hybridisation) vai PRINS (Primed IN
Situ labeling).

Dazreiz iespéjams sastapties ar situaciju, kad ir svarigi noteikt
delécijas/mikrodelgcijas izmé&rus, lai precizétu genétiska materiala parkartojumus Y
hromosoma. Saja pétijuma diviem no pieciem pacientiem (3.3. attels, paraugi 4 un 5),
kuriem Y hromosomi atklatas mikrodelécijas, bija zaudeti visi tris AZF rajoni
(AZFatb+c delecija). Citogenétiskas analizes paradija nelielu Y hromosomu, ko
varétu skaidrot ka gandriz visa Y hromosomas. gara pleca deléciju vai ta varétu bt Y
hromosomas Tso plecu izohromosoma. Abi mingtie Y hromosomas aberaciju varianti
biezi sasfopami azoospermijas pacientiem, jo tie parasti izveidojas p&c parravuma Y
hromosomas gara pleca q11 rajond, tadgjadi zaudgjot visus AZF rajonos lokalizgtos,
par spermatogen&zi atbildigos génus (Vogt et al., 2005).

Lai precizétu Y hromosomas mikrodeleciju robezas, EMQON rekomendacijas
jesaka izmantot papildus STS, lai noskaidrotu delécijas lizuma punktus. Saja darba
tika izmantota alternativa pieeja — AZFa+b+c deléciju paraugi tika analizéti ar Y
hromosomas mikrosatelitu noteik3anas kitu, kas paredzéts Y hromosomas haplotipu
noteik$anai. Sajﬁ metodé izmantotie mikrosateliti ir informativi, to klatbiitne varétu
liecinat par noteiktu Y hromosomas fragmentu eksistenci interes§josajos AZFa+b+c
deléciju paraugos. DiemZzgl 3o mikrosatelitu analize nedeva gaidamo rezultatu —
neapstiprinajas garaja pleca lokaliz&to mikrosatelitu klatbutne un lidz ar to nebija
iespgjams pieradit, ka $o pacientu Y hromosoma nav Tso plecu izohromosoma. Arl
%aja gadijuma ne multipleksa PCR, ne Y mikrosatelitu analize nesp&j noteikt 3o
gendtisko izmaigpu. Saja gadijuma priekSroka ir molekularajam citogenétikas
metodem, kur ar specifisku fluorescento iezimju (zondes) palidzibu iespgjams noteikt,
vai $o neaugligo virie$u Y hromosomai ir divi Tsie pleci (izohromosoma).

Neskatoties uz to, ka multipleksis PCR un Y hromosomas mikrosatelitu
analizes AZFa+b+c deléciju gadfjuma (3.3. attéls, paraugi 4. un 5.) miisu p&tijuma
neizslaédza izohromosomas iespgjamibu, iegiitie dati Jauj izdarTt citus secinajumus par
AZFa+b+c delécijam. Skaidri zinams, ka abu AZFatb+c delecijas pacientu Y
hromosomam ir Tsais plecs, par ko liecina SRY un ZFY géniem atbilstoso STS
klatbaitne (multipleksas PCR rezultati), ka arT mikrosatelita DYS393 un 4, paraugam
ari mikrosatelita DYS19 klatbiitne. Tomér te paradas abu metozu trikums, ka nav

iespgjams precizi zinat, cik Tso plecu ir attiecigajai Y hromosomai. Lai gan varétu
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nedaudz spekulét ar faktu, ka abiem paraugiem mikrosatelits DYS393 un vienam
paraugam mikrosatelits DYS19 ir sastopami to klasiskaja forma: DYS393
mikrosatelits atkartots 14 reizes (tetranukleotids [AGAT];4) un DYS19 mikrosatelits
atkartots 15 reizes (tetranukleotids [TAGA]is). Ja So mikrosatelitu tripletu
atkartojumu skaits batu dubultots, tad droSi varétu apgalvot, ka noteiktas ir Y 1so
plecu izohromosomas. Savukart AZFa+b+c delécijas paraugu Y hromosomas garaja
pleca neizdevas noteikt nevienu no markieriem (visas metodes pieradija deleciju
notikumu). Markieri, kas atrodas tuvu Y hromosomas centromérai un varétu pieradit
Y hromosomas gara pleca klatbiitni, Yq makrodeléciju gadijuma varétu bt DYS391
mikrosatelits (Y mikrosatelitu analizes kits) un ari DYS271 mikrosatelits (Promega
2.0 mikrddeléciju noteik3anas kits). Miisu pé&tfjuma abi mikrosateliti netika novéroti
abu pacientu (or. 5. un nr. 4.) Y hromosomas, tadu, neskatoties uz to, $o mikrosatelitu
klatbiitne citos gadijumos varétu pieradit Y hromosomas gara pleca klatbitni. Lidz ar
to var izteikt vél vienu hipotézi, ka DYS391 vai DYS271 mikrosateliti, ta ka atrodas
tuvu Y hromosomas centromérai, arf var noradit uz Y hromosomas gara pleca
klatbatni gadijumos, kur biitu notikusi Y hromosomas gara pleca delécija. Tatad, lai
precizétu Y hromosomas genétiska materiala izmainas abiem pacientiem, vajadzetu
veikt kddu no molekularas citoldgijas analizém. So situdciju vartu atrisinat FISH
analize ar specifiskim SRY fluorescentam zondem, tacu pacienti o analizi nevélgjas
veikt. FISH tikai pieraditu Y hromosomas aberacijas veidu, bet tai nebiitu
terapeitiskas nozimes, jo visu tris AZF rajonu delécijas, ka zinams, tika noteiktas jau
ar multipleksas PCR metodes palidzibu, un tadgjadi zinams, kapéc pacientiem ir 3T

nearstsjama neauglibas forma — azoospermija.

4.3. Y hromosomas haplogrupas un to saistiba ar virieSu neauglibu

Tiek uzskatits, ka Y hromosomas haplogrupu izplatiba pasaulé atspogulo
nejaudus notikumus, tadus ka génu dreifs, populaciju ekspansija un migracija.
Dabiskis izlases ietekme 3ajos procesos nav zindma, un tiek izteiktas hipotézes, ka ta
ir nenozimiga. Tomér nepemt véra dabisko izlasi biitu nepareizi, jo Y hromosoma ir
géni, kuri atbild par spermatogenézi, un lidz ar to pret tiem izlase var darboties
(Carvalho et al., 2003). Ja kads géns ir funkcionali nozimigs, tad tiek sagaidits, ka §im
génam jabiit evolucionari konservativam un sastopamam arl radniecigu sugu ipatnos.

Lidz ar to reproduktivi veiksmigu génu vai genétisko variaciju biezumam cilvéka
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populdcijas ir japieaug evoliicijas gaita, un, balstoties uz So faktu, pretgji janotiek ar to
génu vai genétisko variantu biezumu, kas samazina auglibu — tam butu jasamazinas
populacija. Ieprieks izskaidrota hipotéze tie3a veida skar Y hromosomu vai pat visu Y
hromosomas haplotipu (Y hromosoma ir parstavéta viena kopija, haploids genoms).
Tadejadi neizdeviga mutacija (piem., auglibu samazino$a) var tikt saglabata péc
citiem faktoriem (piem., piemérota konkrétiem vides apstakliem) izdeviga Y
hromosoma (haplogrupa) un pat tas biezums pieaugt populacija vai palikt konstants.
Turpretim izdeviga mutacija neizdevigda Y hromosomas varianta var tikt zaud@ta
(negativa selekcija). Derigo Y hromosomas variantu bieZums pieaugs, jo notiks
pozitiva 30 variantu selekcija. Visekstremalakais gadijums biitu, pieméram, variants,
kas noved pie pilniga spermatogenézes zuduma, tads netiks parmantots nakamaja
paaudzg, un to populacija noveros loti zema frekvencé — sastaps tikai neaugligo
personu genotipos (Tyler-Smth, 2008). Vairaki pétfjumi ir noradijusi uz Y
hromosomas variantu jeb haplogrupu saistibu ar samazindtu spermatozoidu skaitu
(Krausz et al., 2001a; Arredi et al., 2007; Yang et al., 2008). Sie pétijumi demonstré
selektivus procesus, kuros ir iesaistiti Y hromosomas géni.

Latviesu Y hromosomas genofondu veido Cetras galvends Y hromosomas
haplogrupas — N3al (K* klastera N apak3klasera N3 haplogrupas apakshaplogrupa),
Rlal (K* klastera R apaksklasera R1 haplogrupas apakshaplogrupa), K* (K* klasteris
bez Hg N3a un Hg Rla) “un 1 (F* Kklastera 1J apaksklastera haplogrupa). Tas
parstavétas gan neaugligo virie$u, gan kontroles (latviesi tris paaudzgs) grupas, ka arl
ir domingjosas haplogrupas Eiropas ziemelaustrumu dala, kas savukart norada uz
min&to haplogrupu kopigo izcel§anos un pirmsvesturi.

Biezak sastopama haplogrupa Latvija gan neaugligo virieSu (30,4%), gan
kontroles (42,5%) populacija ir N3al haplogrupa. Haplogrupa N3al neparada
statistiski ticamas atSkiribas abas analizétajas grupas (p=0,223), un lidz ar to Hg N3al
nav saistita ar virieu neauglibu. Izskaidrojums, kap&c N3al haplogrupa sastopama
gan augligu, gan neaugligu virieSu populacijas, varétu but tads, ka Hg N3al ir
reproduktivi veiksmiga un virie$u neauglibas iemesls ir kads cits, nevis Y hromosoma
lokalizetie géni, kas atbild par spermatogenézi. Tomer, sikak izp&tot Hg N3
(haplogrupa, kurai pieder N3al apakshaplogrupa) raksturigo Y hromosomas variantu,
ir noskaidrots, ka $ai haplogrupai pieder visas Y hromosomas, kurds novéro ari divu
DAZ génu — DAZ3 un DAZ4 — deleciju (Fernandes et al., 2004; Machev et al., 2004,

Yang et al., 2008). Tas skaidrojams ar daJéjam AZFc rajona delecijam, kuras var tikt
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parmantotas un ne vienmér izpauZas ka neaugliba. Pilnas AZFc delécijas gadijuma
tiek zaudeti devipi géni, kas parstav tris génu saimes — BPY2, DAZ un CDYI, un
attiecigi fenotipa tas izpauZas ka spermatogengzes traucgjumi jeb neaugliba. Pret&ji
tam, ja tiek zaude@ti pieci géni un AZFc rajona paliek viens BPY2, viens CDY1 un divi
DAZ (DAZI un DAZ2) geéni, virieSiem ir normala spermatogengze, un $ads Y
hromosomas N3 haplogrupai piedero3s variants tiek parmantots no paaudzes paaudze
(Tyler-Smith, 2008). Tomér japiemin labi zindms fakts, ka Y hromosomas
mikrodel&cijam ir tendence rasties no jauna homologas rekombinacijas cela, un lidz ar
to nekaitigie da]&ji deletétie AZFc Y hromosomas varianti (DAZ3/DAZ4 deletétie N3
haplogrupas varianti) var tikt izmainiti — de novo delécijas de] var tikt zaudéti vél kadi
AZFc rajona géni un rasties pilna AZFc rajona delécija. Tadgjadi 3adi dajgji deletetie
AZFc varianti tiek parmantoti izmainiti nakamajas paaudz€s un viriSka dzimuma
pécnacgjiem izpausties ka neaugliba. Lidz ar to kada dala S0 DAZ3/DAZ4 deletéto N3
haplogrupas variantu varétu tikt zaudéti génu dreifa de|. Ta ka zinams, ka
DAZ3/DAZ4 delécija raksturiga N3 haplogrupai, tad, izmantojot zinamo Hg N3
izplatibu pasaulé, iespgjams izsekot arf 3T varianta sastopamibai. N3 haplogrupa, ka
jau iepriek¥ piemingts, izplatita Ziemeleiropa un Azija, kur veido 12% no visam
sastopamajam Y haplogrupam.. Dazas populacijas ta ir viena no bieZzakajam
haplogrupam, ta, piem&ram, somu populacija tas biezums ir 52%, jakutu populacija
86% (Zerjal et al., 1997) un‘“Latvijas populacija 42,5%. Iesp&jamais N3 haplogrupas
kopigais sencis eksistgjis pirms 8800 — 3200 gadiem (Hammer un Zegura, 2002).
Tadsjadi N3 haplogrupa ir sena un veiksmiga Y hromosomas linija un DAZ3/DAZ4
delécijam nav kaitigs efekts attieciba uz 0 Y hromosomu nesgju auglibu. Pastav
uzskats, ka Y hromosomas strukturdlas izmaipas, kas raksturigas N3 haplogrupas
variantiem, ka parada arf miuisu pétijums (Hg N3al), spgj pasargat pret neauglibu,
tapec ¥ haplogrupa ir reproduktivi veiksmiga. Par to liecina arT citi pétijumi, kuros
novérots ta saucamais daj&jo AZFc rajonu deléciju kompensgjo3ais mehanisms, t.i.,
péc noteiktu vienas génu saimes génu delécijas ir notikusi citu is génu saimes génu
duplikacija (Repping et al., 2003; Lin et al., 2007; Giachini et al., 2008; Navarro-
Costa et al., 2010). Ta, pieméram, Lin ar kolggiem, p&tot 580 Kinas virieSus ar
nezinamu auglibas statusu un 30 virie3us ar deléciju Y hromosoma, kas pieder N
klasterim, 33% novéroja &etras DAZ génu kopijas, kas liecina par to, ka N klastera Y

hromosomas variantam raksturiga b3/b4 amplikonu rajonu (DAZI un DAZ2 génu)
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duplikacija péc b2/b3 amplikonu (DAZ3 un DAZ4 génu) delécijas Y hromosomas
AZFc lokusa (Lin et al., 2007).

Otra biezak sastopamd Y hromosomas haplogrupa abas analizétajas
paraugkopas ir Hg Rlal. Turklat Hg Rlal ir mazak sastopama (p=0,005) neaugligu
virieu DNS paraugos (15,2%), salidzinot ar kontroles grupu (39,2%). Rlal
haplogrupu var uzskatit par vienu no reproduktivi veiksmigajam Y hromosomas
[inijam, jo ta vairak raksturiga augligiem neka neaugligiem virieSiem (p=0,005).
Lidzigi N3al haplogrupai arT Rlal haplogrupa, ka liecina misu pétijuma rezultati,
saglabajas pozitivas selekcijas dé]. Hg R un Hg N nav tuvi radnieciskas, un to
kopigais sencis, iespgjams, eksist€ja pirms 36000 — 6000 gadiem (Hammer & Zegura.,
2002). Par R haplogrupu jr minéti dazadi fakti, ir méginats pieradit, ka Y
hromosomas, kas pieder ¥ai haplogrupai, arT novéro kadu génu delecijas (dalejas
AZFc rajona delécijas), bet 3o génu zudums neietekmé fertilitati (Fernandes et al.,
2004; Vogt, 2005). Iespgjamais molekuldrais skaidrojums tam ir notikusi inversija
pre-N Y hromosoma (Vogt, 2005), kuras dg] ir izclusies R haplogrupa, kas savukart
pasarga %0 haplogrupu no delécijam, kuras fenotipa izpaustos ka neaugliba, jo
invertéta sectba AZFb un AZFc regiona nelauj tik bieZi notikt AZF rajonu delecijam.
Latvijas datiem lidzigi rezultati, ka R haplogrupa biezak sastopama augligiem
virie§iem, salidzinot ar neaugligo virieSu grupu, pieminéti art citu zinatnieku darbos.
T3, pieméram, Gomes ét al (2008) ari apgalvo, ka Hg R, kura vairak parstavéta
augligo virieSu grupa, vartu biit pozitivas selekcijas piemérs par labu auglibas
haplogrupas izplatibai populacijas.

Savukart haplogrupa K* (makrohaplogrupas M9 G al€les variants bez Hg N3a
un Hg R1a) sastopama 25,3% neaugligu virieSu Y hromosomas, tadu kontroles grupa
$1s haplogrupas sastopamiba ir daudz mazaka (6,5%). Lidz ar to K* haplogrupa varétu
bat vairak raksturiga neaugligu virieSu Y hromosomas Iinijam (p<0,001) un K*
haplogrupu varétu nosaukt par “neauglibas haplogrupu”. Haplogrupa K* tika atrasta
arf Y hromosomas danu populicijas parstavjiem (4,6%), un tas biezums, lidzigi ka
misu pétijuma, bija daudz lielaks neaugligo danu viriesu (28%) vidii salidzinajuma ar
kontroles grupu (Krausz et al., 2001a). Eiropa K* klastera haplogrupas (L,N,O,P,R) ir
parstavétas Joti bieZi. Ipasi bieZi tas ir parstavétas Ziemeleiropa, ta, pieméram, samu
populacija tas izplatiba ir 46%, somu populacija 63%, Baltijas valstis > 70% (Latvija
80%). Savukart klastera augstd izplatiba ziemelu un austrumu Baltijas regionos

kontrasté ar paréjo Eiropas daju. Germanu valodas rundjo$as Ziemeleiropas
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populacijas K klasteris sastopams retak: Vacijas populacija 6%, Ziemelzviedrijas —
8%, Gotlandes — 8%, Danijas — 4,6%, Norvégijas — 4%. Tas, ka §is klasteris ir izplatits
gan somugru, gan baltu, gan germanu valodas rundjosajas populacijas, liecina par labu
faktam, ka atrastd asociacija vargtu but primari geografiska. Pec Krausz et al (2001)
domam, K* haplogrupas augsto sastopamibu Danijas neaugligo virieSu vida (28%)
var skaidrot divéjadi. Pirmkart, varbiit 5T Y hromosomas Iinija patie$am ir saistita ar
samazinatu spermatozoidu skaitu, otrkart, atSkiribas analiz€to paraugu kopas varbat ir
saistitas ar lokalam geografiskam K* Y hromosomas linijas izplatibas Tpatnibam. Par
geografisko faktoru ietekmi is asociacijas gadljuma jadoma un japierada, ka to var
izslégt, jo ieprieks literatira ir aprakstiti gadijumi par k]udaini interpretetu Y
haplogrupu saistibu ar virieu neauglibu, lai gan patiesais c€lonis bija Y hromosomas
geografiska izplatiba (Kuroki et al., 1999; Previdere et al., 1999). Lai paraditu, ka
Latvijas neaugligo virieSu populacija asociacija ar K* haplogrupu ir saistita ar
neauglibu un etnogeografiskie faktori ir izslégti miisu p&tijuma, jaapliko ieprieks
min&tais k]adainais eksperiments. Jau 1999. gada tika publicéti dati par Italijas
populdcijas pétijumiem un iesp&jamo haplogrupas P (Hg-P; K* apakSgrupas
haplogrupa) asociaciju ar neauglibu. Statistiski ticamus rezultatus izdevas paradi,
pétot P haplogrupas izplatfbu.‘Hg-P sastopamiba kontroles populacijas paraugos bija
42%, savukart neaugligu virieSu paraugos 3is haplogrupas bieZums bija 24%
(Previdere et al., 1999). Tau $aja pétijuma neaugligu virieSu paraugi galvenokart tika
iegti no Centralas Italijas, bet kontroles paraugi parstavéja dazadus Italijas regionus.
Velak tika veikts pétijums, kurd kontrolgrupas paraugi tika izvéléti no Centralas
Italijas. Tad P haplogrupas izplatiba abas paraugkopas — gan neaugligu virieSu (26%),
gan kontroles grupa (27%) bija Joti lidziga un statistiski ticamas atSkirTbas neparadija
(Tyler-Smith, 2008). Savukart Latvijas neaugligo virieSu un ari Danijas populacija
(Krausz et al., 2001a) novérotais at¥kiras no minétas situacijas, jo tiesi augligo virieSu
grupa K* haplogrupu sastop daudz retak neka neaugligo pacientu grupa. Ta ka
Latvijas pétfjuma neaugligie virieSu paraugi parstav visu Latvijas populaciju un
salidzinajuma izmantotie kontroles grupas paraugi ari parstav visu Latvijas
populaciju, un starp Latvijas regioniem nepastav at3kiribas K* haplogrupas izplatiba,
tad iegiitie rezultati liecina par labu Y haplogrupas K* asociacijai ar viriesu neauglibu.
K* haplogrupas saistibu ar virieSu neauglibu ir noteikudi arT citi zinatnieki, ta,
pieméram, Lu ar kolggiem, pétot Kinas populaciju, atklaja, ka K* haplogrupa biezak

izplatita neaugligo virie$u (2,8%) grupa, salidzinot ar augligo viriesu (0,78%) grupu,
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un, veicot statistisko salidzindjumu, tika noteiktas nozimigas un statistiski ticamas
atSkiribas (0,028) (Lu et al.,, 2007). Dagu pétjjuma tikai pieradits, ka lielakajai dalai
neaugligo viriedu, kuri piedergja K* haplogrupai, novéro samazinatu spermatozoidu
skaitu (azoospermija, oligozoospermija). Lidz ar to var secinat, ka K* Iinijam ir zema
reproduktiva veiksme, un, ja netiktu pielietota maksligas apauglosanas procedira, tad
adas Y hromosomas saméra atri izzustu no populacijas negativas selekcijas del.
Krausz et al. (2001) izsaka hipotézi par Danijas populaciju, ja Hg K biezums augligo
virie$u vida ir 5%, un piepemot, ka §is Y hromosomas linijas vidéja selektiva
pielagotiba ir 0,5, tad iespgjams, ka K* Iinija izzustu no danu populacijas 12 paaudzu
laika. Lidzigi varétu spriest par Latvijas populdcija sastopamo Hg K* (6.5%), un
negativo 3elekciju pret So haplogrupu. Tomer K* haplogrupas reproduktivo veiksmi ir
griiti konstatét, veicot vienkarSotus aprékinus, jo to ierobeZo vairaki faktori — tadi ka
Hg K* hromosomas migracijas triikums no apkartejam populacijam, un ne visas K*
apakshaplogrupas ir vienlidz jutigas pret So efektu. Jau iepriek§ pieminéts, ka K*
jetver vairakas apakshaplogrupas, no kuram N3 un R1 ir ar labu reproduktivu
veiksmi, bet, ka pieradits masu p&tijuma, tiei citas Y hromosomas K* klastera
apakshaplogrupas ir raksturigas pacientiem ar spermatogenézes traucgjumiem, kas
padara K* par iespgjamo neauglfbhs riska haplogrupu.

Miisu pétijuma statistiski ticamas at3kiribas (p<0,001) novéro M9-C aleli
saturo§iem Y hromosomas "’Vériantiem, salidzinot kontroles grupas un neaugligo
virieSu DNS paraugus. M9-C aléles varianti raksturigi diviem Y hromosomas
Klasteriem — DE* un F* (G, H, 1, J). Iznémums ir Hg 1, kas pieder F* M9-C, ir retak
sastopama neaugligiem pacientiem, bet neparada statistiski ticamas at8kirTbas,
salidzinot ar kontroles grupu. M9-C aléles neaugligo viriesu DNS paraugu grupa ir
Joti heterogena, un ir nepiecieSami papildu pétjumi, tatu, pamatojoties uz literattiras
datiem, var spriest, ka ar DE* un F* klasteriem ir noteikta saistiba ar virieSa auglibu.

Lai novértétu, kura Y hromosomas haplogrupa predisponé neauglibai vai
pasarga pret neauglibu, Arredi et al veica Y hromosomas haplogrupu analizi
neradnieciskiem Ziemelitalijas neaugligajiem virieSiem (31 DNS paraugs), kuru Y
hromosoma novéro AZFc rajona mikrodelecijas. Iegutie dati tika salidzinati ar
kontroles grupu, kas parstavéja augligus Ziemelitalijas virieSus (93 paraugi). Saja
pétjuma biezak novérotais Y hromosomas variants neaugligo virieSu DNS paraugos
(32%), salidzinot ar kontroles grupu (10%), bija E haplogrupa (p<0,01). E

haplogrupas sastopamiba augligo Ziemelitalijas virieSu populacija (10%) atbilst art
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Hg E izplatibai vairakas paaudzés 3aja regiond dzivojo3ajiem virieSsiem. Arf citos
[talijas regionos 31 haplogrupa sastopama retak neka analiz&to neaugligo virieSu DNS
paraugos (Dienviditalija <25%). Sie novérojumi pamato, ka DE* klastera E
haplogrupa ir saistita ar neauglibu. Hg E Y hromosomas struktiiras molekulara analize
liecina par to, ka 31 Y hromosomas linija ir vairak paklauta b2/b4 (pilna AZFc rajona)
mikrodelécijam neka citas Y haplogrupas (Arredi et al., 2007). Varétu domat, ka
janotiek izlasei pret %o haplogrupu, tomér 3o negativo selekciju nenovéro. E
haplogrupa ir plasi izplatita Austrum- un Ziemelafrika, Tuvajos Austrumos un Eiropa
(Cruciani et al., 2004). Spermatogenézes traucgjumus izraisoSo Y hromosomas AZFc¢
rajona mikrodeléciju biezums deletétas Y hromosomas ir mazaks par 0,03%, kas
apméram afbilst de novo del&ciju raanas frekvencei, bet tomér ir nepietickami augsts,
lai selekcija dominétu par génu dreifu (Repping et al., 2003). Turklat selekcijas efektu
izvértedanu apgriitina daZadu neauglibas variantu eksist€Sana, kas visi ir saistiti ar
AZFc¢ delscijam (no oligozoospermijas lidz azoospermijai un daleju AZFc deleciju
gadijuma pat lidz normospermijai).

Pretgji tam, ka E haplogrupas biezums ir palielinats Y hromosomas
mikrodel&ciju gadijuma, J haplogrupa ir mazak sastopama So pacientu grupa (3%,
Arredi et al., 2007). Savukart kontroles populacija J haplogrupas bieZums ir 15%. Lai
gan minéta at¥kiriba nav statistiski ticama, tomer molekulara Hg J varianta strukttira
norada, ka Y hromosomas, kuras pieder Hg J, aizsarga pret Y mikrodelecijam. Hg J
linijas nesatur L1IPA4. L1PA4 ir LINE elements (long interspersed nuclear element),
kas insertéts Y hromosomas cilvéka endogena retrovirusa HERV (human endogenous
retroviral DNA sequences) sekvencé, kas savukart atrodas AZFa lokusa. Ta ka
evoliicijas gaita Hg J Y hromosomas variants radies pateicoties L1PA4 delécijai
(pierada bialeliska Y hromosomas markiera 12f2 delécija), lidz ar to Sajas Iinijas
nevar notikt intrahromosomdlas homologds rekombinacijas, kuru rezultata tiktu
zaudsts AZFa rajons (Jobling et al., 1998; Kamp et al., 2000).

Ziemelitlijas p&tljumam lidzigu analizi veikusi ar cita zinatnieku grupa Yang
vadiba (Yang et al., 2008). Saja gadijuma tika veikta Kinas neaugligo virieSu un
vispargja populacija sastopamo Y hromosomas haplogrupu analize. P&tijuma
novérotas nozimigas atkiribas Y haplogrupu izplatiba augligo virieSu un neaugligo
(azoospermija, oligozoosapermija) virieSu grupas. Lai izslégtu gadijumu, kad
pétijuma ieklauta augligo virie3u kontroles grupa neatspogulo visparigo populaciju,

tika salidzinata haplogrupu izplatiba gan augligiem kontroles paraugiem, gan DNS
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paraugiem, kas parstav visparigo populaciju un kuru auglibas statuss nav zinams.
Atkiribas starp min€tajam grupam netika novérotas, kas liecina par to, ka kontroles
grupa atspogujo pétito populaciju. Petfjuma tika noteikts, ka haplogrupas Cun DE* ir
vairdk paklautas AZFc rajona dejgjam delecijam, bet turpretim O3* pasarga no $im
delecijam. So haplogrupu parstavéto Y hromosomu molekularie pétijumi liecina par
noteiktu dajeéju AZFc rajonu variantu klatbiitni 3ajas Y Iinijas. Ta, pieméram, Hg DE*
varétu but uznémigaka pret DAZI/DAZ2/CDYla génu deleciju AZFc rajona, savukart
03* haplogrupa pasarga pret $o génu del&ciju. Savukart Hg C linijas vairak pak]autas
DAZI/DAZ2/CDY1b delécijam (Yang et al, 2008). Y hromosomai piemTitosa
patrilokalitate ir galvenais faktors, kas nosaka tas piederibu konkrétam geografiskam
regionan — populacijai. Tadejadj veicot plasu Y haplogrupu un dalgjo AZFc rajona
deléciju variantu analizi dazadas populacijas, bitu iesp&jams preciz&t un atrast
noteiktu Y haplogrupu variantu saistibu ar spermatogenézes traucgjumiem (Novaro-
Costa et al., 2010). Lidz ar to var secinat — Joti iespgjams, ka eksiste noteiktas Y
hromosomas strukturdlas izmaipas, kas parstav noteiktas Y haplogrupas un ir saistitas
ar virie$a neauglibu.

Negativo selekciju pret retiem haplotipiem, kas ir saistiti ar samazinatu
reproduktivo veiksmi, iespéjam§ papildus skaidrot ar ¥obrid vél nenoskaidrotiem

apkartéjas vides faktoriem. Lidz ar to negativa selekcija varétu darboties uz Y

hromosomas linijam, kas vardtu radt strukturdlus parkartojumus vai polimorfismus Y.

hromosomai specifisko génu kodgjosajas secibas vai génu kopiju skaita izmapas Y
hromosomas génu saimés, kas savukart izmainitu normalu spermatogenézi (Krausz et
al., 2001a). Tade] turpmaki Y hromosomas pétijumi ir nepiecieSami, lai noskaidrotu

molekularos mehanismus, kas varétu biit atbildigi par $o negativo selekciju.
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5. Secinajumi

. Lai noteiktu Virie§1(1 reproduktivas patologijas molekulari genétiskos celonus
tika veikta Y hromosomas mikrodel&ciju, Y hromosomas haplogrupu, un géna
CFTR fragmentu sekvendu analize.

. Latvija Y hromosomas AZF rajona mikrodeléciju biezums virieSiem ar
idiopatisku neauglibu ir 5%, un AZF mikrodel&cijas novéro smagu neauglibas
formu — azoospermijas vai oligozoospermijas gadijuma.

. Izveidots algoritms, kas var palidzet arstiem, kuru redzesloka ir pacienti ar
neauglibas probleému, atlasit os neauglibas gadtjumus, kad ir svarigi noteikt Y
hromosomas mikrodel&cijas.

. Aprobéta un ieviesta spermatogenézes traucgjumu molekulara analizes
metode, ar kuras palidzibu Latvija bus iespejams diagnosticet mikrodelécijas
Y hromosomas AZF rajonos.

_ Atrastas statistiski ticamas at¥kiribas neaugligu viriesu un kontroles grupas Y
hromosomas haplogrupu izplatiba, kas liecina par noteiktu Y hromosomas
variantu — “neauglibas” haplogrupu iesp&jamibu.

. Analizetas géna CFTR mutacija delF508, mutacija R117H, ka arT 8. introna
poli-T un poli-TG polimorfismi neparada saistibu ar virie$u neauglibu, kas
norada uz to, ka $im mutacijam un polimorfismiem nav tieSa ietekme uz
spermatogengzes procesu.

. Izstradati ieteikumi pacientu ar neauglibu genétiskajai konsultesanai.
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EMQN EXTERNAL QUALITY ASSESSMENT SCHEME

Lab Reference ‘Numbﬁ::| 0468 Disease: A7ZF Year:| 2009
Case 1: Lorenzo MALPIGHI (dob 08/12/1973)
Category Score Reasons that points were givenideducted
Genotyping ane

" Either state that in the majority of cases the deletion is complete or ;—::?-:—z;u'addu the |
extended analysis. Cause-efiect relationship should be ciealv stated (AZFY deletion iz

Interpretation. 188 explanation for azoospermia in this caze). Genetiz counselling not recommended ( 2.2
Comnvents:| MEzspelling in patient fizst name: L i d of L

Case 2: Christofer LEE (dob 05/(5/1968) .

Category Score Reasons that points were given/deducted
Genotyping 2oe
Interpretation 172 Senitivity of the methad (5953%) not gaven (03],

i T iy ¥ < ded ir
Comments:| Karyctrping should be re: u:u:mmd‘ in this case.

Case 3 Laszio FEKETE (dob 03/03/1977)

Category Score Reasons that points were given/deducted
Genotyping 200
- . AZFc deletion will definively & ted to sons and not "eould be” Genestr counsalling r.::t
dmerpreation M secomended 05, T R §
Commenats:
Average Overall Scores L

Category B S B -

Mean interpretation scoze 1.57

Thaank you for participating in the 2009 scheme - zegistration for fie 2210 schvemes will be zpen from 0105 240 ek 20427710, "0 s avill

Commentd:| . od o be logged in on the website ta access fhe registration facility.

2. attéls. Apstiprindjums par piedaliSanos EMQN organizétaja laboratoriju
kvalitates kontroles testéSana. RSU Molekularas gengtikas laboratorija (Nr. 0468)
anonimiem EMQN atsiititiem paraugiem, tika pareizi noteikti genotipi — konkrétu
AZF rajonu mikrodeléciju klatbiitne vai to trilkums, ki ari izveidota kvalitativa
atskaites forma pacientiem (pielikumi 2a-2c), kurda precizi atspogulotas
rekomendacijas attiecigo mikrodeléciju gadjjuma. PEc EMQN specialistu izvert€juma
RSU Molekularas genétikas laboratorija realizéta Y hromosomas mikrodel€ciju
diagnostikas un interpretacijas precizitate tika novértéta ar 2 punktiem (maksimalais
punktu skaits par genotipa precizu noteik§anu un 1,67 punktiem par interpretaciju.
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Laboratory
Nr. 0468

'

Report of molecular genetics investigation

Pielikums Nr. 2.a

11/01/2010

Patient(s): Lorenco MALPIGHI (8/12/1973; # 09006024)

Indications: Azoospermia. Analysis requested in preparation of TESE/ICSIL.

Analyses: Diagnosis of micrddeletions of the Y Material tested:
chromosome, by two multiplex PCR lyophilised DNA
amplifications of Y chromosome AZF region.

Sample received: 29/10/2009

Result: Deletion of AZFb region

Results of Y chromosome microdeletion analysis in tabular form:

internal control for
Analysed PCR _ testis- AZFa AZFb AZFc
STS loci control détermining
factor
ZFX/ZFY SRY sY84 | sY86 | sY127 | sY134| sY254 | sY255
present/absent | present present | present | present | absent | absent | present present

Interpretation: Deletions of both Y chromosome STS markers sY127 and sY134
indicated complete deletion of AZFb region on Y chromosome. AZFb
deletions are associated with no sperm retrieval. TESE/ICSI is not
recommended in this case.

Analysis requested by: EQMN

=

Laboratory director

=

Analyses performed by: A.P.

147




Pielikums Nr. 2.b

Laboratory
Nr. 0468

p

Report of molecular genetics investigation 11/01/2010

Patient(s): Christofer LEE (05/05/1968; # 09006023)

Indications:  Severe azoospermia. Analysis requested as part of the diagnostic work-
up for couple’s infertility.

A}

Analyses: Diagnosis of microdeletions of the Y Material tested:
chromosome, by two multiplex PCR lyophilised DNA
amplifications of Y chromosome AZF region.

Sample received: 29/10/2009

Result: No microdeletions of the Y chromosome detected

Results of Y chromosome microdeletion analysis in tabular form:

Internal Control for
Analysed PCR testis- AZFa AZFb AZFc
STS Toci control determining
factor )
ZFX/ZFY SRY sY84 sY86 | sY127 | sY134 | sY254 | sY255
present/absent | present present | present | present | present | present present | present

Interpretation: There could be another reason of couple infertility in this case, since
microdeletions of the Y chromosome were not found in analysis of
patients DNA sample (incidence of Y chromosome microdeletions is

in infertile patients is low ~ 2-10 %).

=

Laboratory director

Analyses performed by: A.P.
Analysis requested by: EQMN
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Pielikums Nr. 2.c

Laboratory
Nr. 0468

Fe

Report of molecular genetics investigation 11/01/2010

Patient(s): Laszlo FEKETE (03/03/1977; # 084274)

Indications: Azoospermia. Analysis requested in preparation of TESE/ICSI.

Analyses: Diagnosis of microdeletions of the Y Material tested:
chromosome, by two multiplex PCR lyophilised DNA
amplifications of Y chromosome AZF region.

Sample received: 29/10/2009

Result: Deletion of AZFc¢ region

Results of Y chromosome microdeletion analysis in tabular form:

internal control for
Analysed PCR testis- AZFa AZFb AZFc
STS loci control determining
factor ‘
ZFX/ZFY SRY sY84 | sY86 | sY127 | sY134 | sY254 | sY255
resent/absent | present present | present | present | present | present | absent | absent

Interpretation: Absence of both Y chromosome STS markers sY254 and sY255

indicates deletion of entire AZFc region. Histological picture of the
testis is variable in such cases and sperm can be found in the testis
and/or in the ejaculate. TESE/ICSI can be attempted in this case.
However AZFc deletions could be transmitted to the male offspring if
assisted reproduction is performed (the sons of patient will be also

=

Laboratory director

infertile).

Analysis requested by: EQMN

F=

Analyses performed by: A.P.
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Human Y chromosome is used as a tool in male infertility and population genetic studies. The aims of this
research were to analyse the prevalence of Y chromosome microdeletions among infertile Latvianh men, and
to identify possible lineages of Y chromosome that may be at increased risk of developing infertility. A study
encompassed 105 infertile men with different spermatogenic disturbances. Deletions on Y chromosome were
detected in 5 out of 105 (~5%) cases anarlysed in this study. Three of them carried deletion in AZFc region
and two individuals had AZFa + b + c deletion. Study of Y chromosome haplogroups showed that N3al and
Rlal lineages were found less frequently in the infertile male group compared to ethnic Latvian group, how-
ever K* cluster was predominantly found in infertile male Y chromosomes. Conclusions: 1) Our study advo-
cates running Y chromosome microdeletion analyses only in cases of severe form of infertility; 2) Y chromo-
some haplogroup analysis showed statistically significant tendencies that some haplogroups are more com-

mon in ethnic male group, but others are more common in infertile males.

Infertility is a serious health problem affecting 10—
15% of couples trying to achieve pregnancy; and male
factor is estimated as a contributing factor in about
half of these cases [1]. .

Early cytogenetic studies showed that deletions in
the long arm of Y chromosome are responsible for
azoospermia [2]. With the advancement of molecular
biology, three regions named “azoospermia factors”
(AZFa, AZFb and AZFc regions; Yqll locus) have
been defined as spermatogenesis loci [3]. It is now
widely accepted that deletions within those regions se-
verely diminish the sperm production [4, 5]. The pow-
et of polymerase chain reaction (PCR) and the avail-
ability of sequence-tagged site (STS) maps made pos-
sible the detection of interstitial microdeletions in
Yq11 region that is invisible by karyotyping [6—8].

Y chromosomal microdeletions have been reported
with varied prevalence in different populations con-
siderably depending on the selection criteria of the pa-
tients. Azoospermic men have a higher incidence of
microdeletions than oligozoospermic men and, con-
Sequently, deletion frequency of azoospermic and oli-
80zoospermic men found in different laboratories may
vary from 2 to 10% (or even higher) reflecting the se-
lection of population for investigation [9]. Y chromo-
Some deletions of the AZFc region are the most com-
mon (79% of all deletions) among three mentioned

F regions. Other sub-groups are considerably less
frequent — AZFb (9%), AZFbe (6%), AZFa (3%) and
AZFabe (3%) [5].

The vast majority (57 of 60 Mb) of Y chromosome
does not recombine with the X chromosome and is
transmitted from father to son with all functional vari-
ants and neutral polymorphisms being linked. This
quality of Y chromosome makes it a good tool in pop-
ulation genetics studies. A 'Y chromosome lineage or
haplogroup is a monophyletic group of Y-chromo-
somes defined by stable binary markers such as single
nucleotide variants or insertions/deletions. Distribu-
tion of Y chromosome variation among population in-
dicates that most lineages are largely confined to par-
ticular human population, which has important impli-
cations for association studies [10]. The distinct
population affinities displayed by many Y chromo-
some haplotypes and their high degree of geographical
specificity means that an association between the Y
chromosome background and phenotype in one pop-
ulation or country may not be relevant for another.
Conversely, the absence of an association in one pop-
ulation does not imply its absence in other population.
However, those studies are useful because they may
identify classes or lineages of the Y chromosome that
may be at increased risk of developing infertility [11—
13].

Until now frequency and characteristic data on Y-
chromosomal microdeletions among Latvian popula-
tion were absent. To fulfil this gap the aim of this re-
search was to analyse Y chromosome microdeletions
in Latvian infertile males, and to study microdeletions
at molecular level using analysis of Y-STRs. Y chro-
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mosome haplogroup analysis was performed in this
study to identify possible classes or lineages of Y chro-
mosome that may be at increased risk of developing in-

fertility.

MATERIALS AND METHODS

Patients. Subjects for Y-chromosomal microdele-
tion analysis were 105 men from infertile couples (fail-
ure to achieve pregnancy during at least one year). In-
clusion criteria were azoospermia (lack of sperm in
gjaculate), oligozoospermia (defined as sperm con-
centration <5 x 108/mL) or oligo- astheno-teratozo-
ospermia (sperm structural defects). All cases of sper-
matogenic failure resulting from endocrine or proved
cytogenetic abnormality (except two cases) were ex-
cluded from our study. The average age of infertile men
was 35 + 11 years (ranged from 24 to 46 years). The av-
erage duration of infertility was 4, 5 years (ranged from
1 to 20 years). Each patient was asked and examined
for potential gonadal anomalies, testis volumes, yaric-
oceles, potential epididymal or prostata abnormali-
ties, levels of hormones determined: follicle-stimulat-
ing hormone (FSH), luteinizing hormone (LH) and
testosterone.

Semen analyses. Sperm and its ejaculates were
analysed for their motility, number and morphology
according to the guidelines of World Health Organiza-
tion (WHO).

Y chromosome microdeletions. Microdeletion
screening procedure was performed for infertile males
with normal karyotype, except two samples with cyto-
genetically visible deletion of Y chromosome long arm
(46,X, del (Y)(q)). Peripheral blood samples were col-
lected, and DNA was isolated using Nucleon BACC1
kit (Amersham, USA). Microdeletions of AZF regions
were detected by two multiplex PCR reactions — mul-
tiplex A and multiplex B. The following primer sets
were used — sY14, ZFX/ZFY as male and both gender
controls, but sY84, sY86 for AZFa, sY127, sY134 for
AZFb and sY254, sY255 for AZFc deletions which are
recommended to be used in multiplex PCR as the best
choice for the diagnosis of Y chromosome microdele-
tions of the AZF region. Those primer sets were ini-
tially used by Simoni et al. and are recommended by
European Academy of Andrology [5]. PCR amplifica-
tions were performed in a final volume 25 pl, contain-
ing 50 ng of DNA, including 10 mM reaction buffer,
25 mM MgCl,, 10 mM dNTP mix, 10 pM primers and
100U Tagq polymerase. For both multiplex PCR, the
PCR conditions were 95°C for 5 min, followed by
35 cycles of 95°C for 1 minute, 62°C for 1 minute, and
72°C for 1 minute, and final extension time of 5 min-
utes at 72°C. The products were separated on 6% poly-
acrilamide gel by electrophoresis, stained with
10 mg/ml ethidium bromide, and visualized using UV
transillumination. A deletion was confirmed when two
:l?lnsecutive PCR amplifications yielded positive re-

ts.
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Y chromosomal haplogroup analysis. Simultaneous-
ly, DNA samples (78 samples) from infertile patients
were typed with 6 Y chromosomal binary markers to
establish their haplogroup (hg). 58 of 78 infertile males
were Latvians (ethnicity was based on the patients'
family names) and 20 patients were non-ethnic Latvi-
ans. Since frequencies of the most common Y chro-
mosome haplogroups do not have statistically signifi-
cant differences between Latvian and Russian popula-
tions, we studied infertile male samples of Latvian
population (58 of 78 infertile males, Latvian origin; 20
of 78 infertile males, Russian origin) together. Binary
markers were chosen corresponding to those haplo-
groups that were found in ethnogenetic studies of
Latvians (M9, SRY-1532, M17, Tat, P21, M170; un-
published data). All samples were typed with each bi-
nary marker. Typing conditions were similar for all of
the markers, changing only the cycling programme,
and were previously described by Zerjal and colleagues
[14]. Results are given according to the haplogroup
nomenclature of the Y Chromosome Consortium
(Y Chromosome Consortium, 2002).

Statistical analysis. Differences in Y chromosome
haplogroup frequencies between infertile Latvian
males and men that are Latvians in three generations
were compared by the chi-square statistic. All Pvalues
were based on 2-sided comparisons and P < .05 indi-
cates statistical significance.

Our study was approved by the Latvian Central
Committee of Medical Ethics, and informed consent
was obtained from each patient.

RESULTS

Multiplex PCR analysis of AZF region in all cases
gave the correct amplification results — performed
twofold PCR never gave positive signals in negative
control lines and positive signals were always seen after
amplification of control female and normal male
DNA.

In total the frequency of Y chromosome microde-
letions in our study population was found to be ~5%
(5 cases of 105). All cases of microdeletions were
found among severe form of infertility — azoospermia
(3 cases) and severe oligozoospermia (2 cases), respec-
tively (Table 1).

Types of Y-chromosomal microdeletions are rep-
resented in Fig. 1. Deletions in the AZFc region were
found in 3 cases of 5 and deletions of AZFa + b + cre-
gion were detected in 2 cases of 5. Both persons (sam-
ples Nr. 4 and Nr. 5 in Tables 1 and 2) with deleted all
three AZF regions — AZFa, AZFb and AZFc respec-
tively, showed abnormality in karyotype — 46,X, del
M(@).

In men with the AZFc deletion (3 cases) sperm
concentration varied from 0 (azoospermia) (lcase of
3) to 1-5 immotile (severe oligozoospermia) sperma-
tozoa shown in spermogramm (2 cases of 3), however

TEHETHKA 2011
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“ruble 1. Genotype — phenotype associations in patients with Y chromosomal microdeletions

—]
) ; S atozo. .. . . .
Case Microdeletion in s%eerxi:logrza];m Clinical diagnosis Karyotype Phenotypic data
1 |AZFc 0 Azoospermia 46,XY Android adiposity, gynecomastia,
brachydactyly
72 |AZFc 5 motiofiless Severe 46,XY Mumps in childhood, in testis biopsy
spermatozoa in | oligozoospermia there are only spermatids found
spermogramm
3 |AZFc 1-2 immobile | Severe 46,XY Mumps in childhood
spermatozoa in | oligozoospermia
spermogramimm
4 |AZFa, AZFb, AZFc 0 Azoospermia 46,X, del (Y)(q) |Android adiposity, gynecomastia, mi-
crotestis in right side
5 |AZFa, AZFb, AZFc 0 Azoospermia 46,X, del (Y)(q) | Nodata

Table 2. Y chromosome haplogroups in infertile Latvian males and Latvians in tree generations

Haplogrou;) Infzt:[iie;g)alcs Latvians i?ntirei% §;:nemtions P
Rlal 12 (15.4%) 60 (39.2%) 0.006
Nlecl 24 (30.8%) - 65 (42.5%) 0.242
I 2(2.6%) 13 (8.5%) 0.102
K* 19 (24.4%) 10 (6.5%) 0.002
Others (M9 C) 21 (26.9%) 5(3.3%) 0.001

-

men with AZFa + b + ¢ deletions (2 cases) showed
azoospermia.

Y chromosome haplogroup analysis in Latvian in-
fertile male population gave the followirig results that
are summarized in Table 2. From analyzed 78 DNA
samples 55 contained M9 G allelic variant and using
appropriate markers this linage was subdivided in K
cluster (K*) and further into Rlai and Nlcl haplo-
groups. M9 C allelic variant was found in 23 cases, and
these samples belong to F cluster (F*). In this sample
group haplogroup was identified only in 2 samples
(haplogroup I) but for rest of samples further analysis
with.other markers is necessary. One of prevalent hap-
logroups found in Latvian population is N1cl (results
from study of 153 unrelated male DNA samples, that
are Latvians in three generations; unpublished data)
and its frequency is 42.5%. Prevalence of this haplo-
group among infertile male Y-chromosomes is 30.8%
(24 cases of 78). Frequencies of Nlcl haplogroup in
both sample groups show that this Y chromosome lin-
€age has no correlation with male infertility (p =
=0.242). Second common haplogroup in Latvian
Population is Rlal that is found in 39.2% ethnic
I-_:éltvians, but rarely in DNA samples of infertile pa-
tients (12 cases of 78; 15.4%). Comparison of Rlal hg
frequencies in both groups revealed significant differ-
Ne2 2011
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ences (p = 0.006) and suggests that this haplogroup is
manifested in healthy fertile males. Also I haplogroup
is rarely found in infertile male DNA samples, but it
gave no significant differences (p = 0.102) comparing
to the control group. Y chromosome variants that be-
long to K cluster are often found among infertile pa-
tients (19 cases of 78; 24.4%; p = 0.002). Further stud-
ies of haplogroup analysis in infertile patients are nec-
essary, to fully understand the relationship of
Y chromosome haplogroups with fertility.

DISCUSSION

Spermatogenesis is regulated by a number of genes
on the Y chromosome and autosomes. Y chromosome
deletions are emerging as a prevalent genetic cause of
male factor infertility and the frequency of Y chromo-
some deletions increases with the severity of sper-
matogenic defect [15]. About 15% of azoospermic
and 5—10% of oligozoospermic men show Y chromo-
some deletions [3, 9, 16—19]. In general, the frequen-
cy of Y-chromosomal microdeletions is an average of
8.2% in azoospermic and oligozoospermic men.

In the present study, we report on the first analysis
of Y microdeletions in infertile men in the Latvian
population. The frequency of Y chromosome mi-
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PAR1
Localisation STS LOCUS SAMPLES
(Mb) 1.0 2. 13 14. |5
2.71 sY14 SRY
4 2.80 ZFY
Yp
P
AZFa I AZFa proximal breakpoint sY83 (12.95 Mb)
— 13.11 sY86 DYS148 =
| 13.29 sY84 DYS273 §
AZFa distal breakpoint DBY1 (13.46 Mb)
»
AZFb proximal breakpoint sY1264 (18.08 Mb)
AZPb l 2097 _[sV127__|DYS218 5
21.96 sY134 DYS224
AZFc proximal breakpoint between sY1197 and sY1192 (~23.10 Mb)
AZFc | AZFb distal breakpoint 24.95 Mb (sY1206) | .
25.31 sY254 DAZ3 E
25.38 sY255 DAZA4
Yq | AZFc distal breakpoint between sY1125 and sY1201 (~26.80 Mb)

PAR2

Fig. 1. Data of Y chromosome microdeletion analysis in five patients. AZF regions, Y-chromosomal STS are listed above. Black
boxes, STS absent — microdeletion of corresponding AZF region (Multiplex A and B PCR results). PART and PAR2 — pseudoau-

tosomal regions.

crodeletions in our selected infertile male population
was ~5% (5 cases of infertile 105 men).

In our study three of five infertile Latvian men with
Y chromosome microdeletions had deletions in AZFc
tegion (Fig. 2), and two had deletion of all three AZF
regions (Fig. 3). In the case of AZFc microdeletions,
two ST sites (SY254 and SY255) were deleted. These
STS markers are specific for the DAZ gene, which is
present in four copies arranged in two complexes of
two genes each in head-to-head orientation located in
tbe palindromes P1 and P2, respectively [20]. Two pa-
tients had deletions in all three AZF regions (deletion was
visible in karyotype analysis). This type of deletion —

AZFa + b + c deletion of AZF region is rare Y chro-
mosome deletion, and is rarely reported in literature,
because patients with abnormal karyotype frequently
are not included in microdeletion screening [5].

In addition, it is interesting, that we never found
microdeletions in AZFa and AZFb regions. Krausz &
Forti in four population studies reveal that AZFa re-
gion deletions are found in ~5% of Y-microdeletion
patients and 35% compose microdeletions where
AZFb region is involved (AZFb, AZFb + ¢, AZFa+b+
+ ¢) [21]. Other large study of infertile men detected,
that Y chromosome deletions of the AZFc region are
the most common (79% of all deletions) among three
Ne 2 2011
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. Multiplex A Multiplex B
ZFY: 495bp N ZFY: 495bp
SRY: 472bp SRY: 472bp
sY254: 400 bp (AZFc) sY84: 326 bp (AZFa)
sY86: 320 bp (AZFa) sY134: 301 bp (AZFb)
sY127: 274 bp (AZFb) sY255: 126 bp (AZFc)

Fig. 2. Y-chromosome microdeletion analysis, showing the deletion of AZFc region. Multiplex A: line 7 — Size marker
(GeneRuller100bp, “Fermentas”), line 2 — negative control, line 3 — female DNA (internal control), line 4 — DNA of normal
male, line 5 — DNA of AZFc deleted patient. Multiplex B: line 7 — Size marker (pUCS8, “Fermentas”), line 2 — negative control,
line 3 — female DNA (internal control), line 4 — DNA of normal male, line 5 — DNA of AZFc deleted patient.

mentioned AZF regions. Other sub-groups are con-
siderably less frequent — AZFb (9%), AZFbc (6%),
AZFa (3%) and AZFabc (3%) [5]. In general Y chro-
mosome microdeletion frequency in Latvian infertile
male population is similar to those that are represent-
ed in other infertile male populations.

The infertility phenotype of the analysed patients
with Y chromosome microdeletions was azoospermia
(3 cases) and severe oligozoospermia (2 cases). It also
corresponds to the literature data, because most of
publications mention that AZFc deletions can be
found in men with azoospermia or severe oligozo-
ospermia. But cases of all three AZF region deletions
are rarely found among infertile men and have the
most severe spermatogenic damage, resulting in Ser-
toli cell only syndrome [22].

The frequencies of the most common Y chromo-
some haplogroups in Latvian population (unpublished
data) are very similar to frequencies of other European
Populations, and also to those that are found in Rus-
sian (Europe part) population [23—25]. Since haplo-
group frequencies do not have statistically significant
differences we can study infertile male samples of
Latvian and Russian origin together, and they will rep-
fesent more “infertility haplogroups” rather then eth-
No-geographic origin of samples. Two more common
Ne 2
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haplogroups Nlcl and Rlal that are predominantly
distributed in Latvian population (unpublished data)
are found also among infertile Latvian males. Our data
showed that N1cl hapogroup was found in similar fre-
quency in infertile and ethnic sample groups. It is
known that N haplogroup is one of the oldest and fre-
quently distributed haplogroups in Europe and this
leads to explanation that this haplogroup is also repro-
ductively successful [12]. Data on R1al haplogroup in
our study revealed significant differences among the
analysed groups, and were mostly found in the group
of ethnic Latvians (60 cases of 153; 39.2%; p = 0.006).
In our study we detected that there is significant differ-
ences in K cluster (p = 0.002) distribution in analysed
samples — 24.4% (19 cases of 78) of infertile male
Y chromosomes belong to K cluster, but in the group
of ethnic Latvians K* is found only in 6.5% (10 cases
of 153). Literature data show that K* cluster was asso-
ciated with reduced fertility in Danish population
[11]. Y haplogroup analysis in this study shows that
there exist some tendencies that might explain possi-
bility that some of Y chromosomal variants are likely
to be found among infertile patients, but to conclu-
sions on specific infertility Y-lineage it is necessary to
take further investigations.




Multiplex A

Fig. 3. Y-chromosome microdeletion analysis, showing
the deletion of all three AZF regions. Multiplex A ¢lines 2—
5) and Multiplex B (lines 6—9): line 7 — pUCS size marker,
lines 2 and 6 ~ negative control, lines 3 and 7 — female
DNA (internal control), lines 4 and & — DNA of normal
male, lines 5and 9 — DNA of AZFa, AZFb and AZFc de-
leted patient.

Conclusions: 1) our study advocates running
Ychromosome microdeletion analyses for Latvian
males only in cases of severe form of infertility;
2) Ychromosome haplogroup analysis showed statis-
tically significant tendencies that some haplogroups
are more common in ethnic male group, but pther are
more common in infertile males.
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Human Y chromosome is used as a tool in male infertility and population genetic studies. The aims of this
research were to analyse the prevalence of Y chromosome microdeletions among infertile Latvian men, and
to identify possible lineages of Y chromosome that may be at increased risk of developing infertility. A study
encompassed 105 infertile men with different spermatogenic disturbances. Deletions on Y chromosome were
detected in 5 out of 105 (~5%) cases analysed in this study. Three of them carried deletion in AZFc region
and two individuals had AZFa + b + c deletion. Study of Y chromosome haplogroups showed that N3al and
Rlal lineages were found less frequently in the infertile male group compared to ethnic Latvian group, how-
ever K* cluster was predominantly found in infertile male Y chromosomes. Conclusions: 1) Our study advo-
cates running Y chromosome microdeletion analyses only in cases of severe form of infertility; 2) Y chromo-
some haplogroup analysis showed statistically significant tendencies that some haplogroups are more com-
mon in ethnic male group, but others are more common in infertile males.
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Introduction

Cystic fibrosis (CF) is one of the most common autosomal recessive diseases in Latvians, with a reported
incidence of 1 in 3300 (Krumina et al., 2001). It is caused by defects in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene, which encodes a protein that functions as a chloride channel and is located
in the apical membrane of epithelial cells in the respiratory tubes, pancreas, intestine, sweat glands and vas
deferens. Defects in the CFTR gene cause abnormal chloride concentrations along the apical membrane of
epithelial cells resulting in progressive lung disease, pancreatic dysfunction, and elevated sweat chloride and
male infertility (Welsh et al., 1995). Infertility in CF males results from congenital bilateral absence or atrophy
of the vas deferens (CBAVD). Semen analysis reveals azoospermia (Dodge et al., 1995). Mutation analysis of
the CFTR gene in CBAVD cases has shown that a large proportion of these sterile men carry a mutation in at
least one of their CFTR genes (Kanavakis et al., 1998).

The most common CFTR gene mutation, delF508 that is found in patients with cystic fibrosis is involved
also in male infertility. In case of male infertility, mutation delF508 is associated with other CFRT gene mutation
or polymorphism, and this leads to milder diseases form than cystic fibrosis, to male infertility respectively
(Kiesewetter et al., 1993). ,

Besides, there is a positive correlation between the poly-T and poly-GT genotype in CFTR genes 8™ intron
and the proportion of normal full-length CFTR mRNA transcripts containing exon 9. The poly-T 5T allele
and poly-GT 12 results in reduced levels of normal CFTR mRNA due to the deletion of exon 9, and are consi-
dered to be disease mutations in CBAVD (Chillon et al., 1995; Cuppens and Cassiman, 2004). Patients
homozygous for the 5T allele have non-functional CFTR mRNA accounting for up to 90% of the total mRNA.
The protein product of the CFTR transcript lacking exon 9, is devoid of cAMP-activated chloride conductance
(Chu et al., 1993).

There are reports that CFTR gene is also involved in other forms of infertility than CBAVD (Cuppens
and Cassiman et el., 2004). In one study 14 out of 80 (17.5%) men with a variety of diagnoses varying from
oligozoospermia to oligoasthenoteratozoospermia carried a CFTR mutation (Van der Ven et al., 1996). However,
in another report 75 patients with oligoasthenoteratozoospermia were studied; the frequency of CFTR muta-
tions was not significantly different from the control population (Tuerlings et al., 1998).

The involvement of CFTR gene in other forms of male infertility than CBAVD is thus not clear and
Deeds to be further investigated.

Aims
1 The aims of our research were to detect presence of CFTR gene mutation delF508 and polymorphism
Ofpoly-T and poly-GT variants in CFTR gene in infertile male DNA samples.
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Material and methods
Objects for analysis were 80 individuals (DNA isolated from the blood cells) with different spermatogenic
arrest and normal karyotype. As controls 60 healthy (fertile) males and 13 males affected with cystic fibrosis

were included in this study.
CFTR gene mutation delF508 and poly-T and poly-GT polymorphisms were determined by appropriate

PCR approach using designed primers (Cui et. al., 1995; Chillon et al,, 1995). PCR products were analysed in
6% polyacrilamide gel. Besides CFTR gene polymorphisms poly-T and poly-GT were detected by sequencing
(Applied Biosistems) of corresponding PCR products.

Results and discussion

CF-rglated infertility in men is primarily due to obstruction or absence of the vas deferens (Welsh et al.,
1995), although a defect in spermatogenesis may be a contributing factor, as decreased numbers of mature
spermatids and the presence of many malformed late spermatids is also found in CF (Trezise et al., 1993).

Reduced levels of normal CFTR mRNA due to the deletion of exon 9 depend on the presence of the
5T allele sequence in intron 8. This non-functional CFTR mRNA accounts for up to 90% of the total mRNA
when both CFTR alleles have the 5T allele (Chu et al., 1993). The 5T allele is the most common CFTR defect in
patients with obstructive azoospermia due to CBAVD (Chillon et al., 1995).

However, not all male individuals that have CFTR gene mutation and T5 develop CBAVD. The TS5 poly-
morphism was therefore classified as a disease mutation with partial penetrance. Cuppens H. and colleagues
(2004) found that the partial penetrance could be explained by another genetic factor, namely the poly-GT locus.
The higher the number of GT repeats, the less efficient exon 9 splicing will occur (Fig. 1). The T5 polymorphism
can be either found in combination with'an 11GT, 12GT or 13GT allele (respectively 11, 12 or 13 GT repeats).
In CBAVD patients, the TG11-T5 haplotype is hardly found, while the TG12-T5 is most frequently found.
The TG13-T5 is rarely found (Cuppens and Cassiman et al., 2004).

Figure 1. Poly-GT and poly-T polimorphism in intron 8 of the CFTR gene
and their effects at the mRNA level.

9GT-9T GTETGTCTGTCTGTGTGTTTTTTTTTTARRCAG
10GT-9T GTGTETCTETCTETCTGTGTTTTTTTTTTARACAG
11GT-9T CTETETETETETGTCTECTCTGTTTITTTTTTARACAG
10GT-7T GTETETETGTGTGTGTGTGTTTTTITTAARCAG
116T-7T GTGTGTGTGTGTGTGTGTGTGTTTTTTTAABCRG
126T-TT GTGTGTGTGTGTGTGTGTGTGTGTTTTTTTABBCAG
116T-5T GTGTGTGTGTGTGTGTGTGTGTTTTTBARCBG
126T-56T GTGTGTGTGTETGTGTGTGTGTTTTT ARACAG
13GT-5T GTGTGTCTCTETCTCTCTGTGTGTTTTTARRCAG

ror]

CFTR gene
Normal

CFTR CFTR
haplotypes protein

Ei 9GT-9T
Normal CFTR mRNA 10G6T-9T
116T-9T
10GT-7T
116T-7T
126T-1T
_ 116T-5T
b : 126T-5T

CFTR mRNA without exone 9 136T~-5T
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Legend to Figure 1
The region of the CFTR gene that includes exons 7 to 10 is shown at the top. During processing, the

sequences not involved with protein synthesis (introns) are eliminated, and the remaining sequences (exons) are
spliced to form mature mRNA (center left). The processing of CFTR is not completely efficient depending on
the person’s genotype (bottom left). When CFTR genes bear the 5T allele and 13 GT allele (the 13GT-5T hap-
lotype), the proportion of normal CFTR mRNA is reduced, indicating that the shorter-the sequence of thymines
and the longer sequence of GT dinucleotide in intron 8, the higher the proportion of CFTR mRNA in which
exon 9 is lacking. (Modificed shema from Chillon et al., 1995.)

Increased frequency of CF mutations in healthy men with reduced sperm quality and also in men with
obstructive azoospermia with the presence of the vas deferens has also been reported (Van der Ven et al., 1996).

In our study CFTR gene mutation delF508 was not found in analysed 80 infertile male DNA samples.
Our data suggests that in Latvian infertile male population other CFTR gene mutations may be associated with
infertility phenotype.

Analysis of poly-T and poly-GT polymorphisms in CFTR gene’s 8" introne of infertile male
chromosomes showed following results. In total, 8 different haplotypes of the poly-GT dinucleotide repeats and
poly-T tract (11GT-9T, 10GT-9T, 9GT-9T, 12GT-7T, 11GT-7T, 10GT-7T, 12GT-5T, and 11GT-5T) were observed
in 160 alleles from 80 infertile male individuals (Fig. 2). The proportion of CFTR alleles with each specific
haplotype of the poly-GT dinucleotide repeats and poly-T tract varied between the infertile male CFTR genes and
cystic fibrosis patient alleles. The most common haplotype among infertile male CFTR gene alleles was 11GT-
7T. In contrast 10TG-9T was the most common haplotype among cystic fibrosis alleles. However, results obtained
from healthy male CFTR gene alleles did not differ from infertile male CF alleles. Among also healthy male
CFTR chromosomes most common laplotype variant was 11GT-7T. No CFTR alleles with 13GT-9T, 13GT-7T,
13GT-5T 12GT-9T, 10GT-5T, 9GT-7T, 9GT-5T were found in 160 infertile male CFTR alleles examined, probably
due to rarity of CFTR alleles containing 13GT and 5T and strong linkage of 10GT and 9T. Besides, our data
contrast to the literature data abeut poly-T 5T variant and poly-GT 13GT variant in infertile male chromosomes

(Cuppens and Cassiman et al., 2004).

Figure 2. Schematic representation of poly-GT and poly-Y polymorphism in CFTR gene
in infertile, healthy and cystic fibrosis males.
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These results obtained from CFTR gene analysis are relevant in case of genetic counseling for infertile
patients treated by in-vitro fertilization (IVF). An increasing number of couples with infertility choose to be
treated by assisted-fertilization methods such as intracytoplasmic sperm injection (ICSI); partners of CF-positive
CBAVD or males with obstructive azoospermia should also be tested for the most common CF mutations in the
population, so that prenatal diagnosis can be offered if both are carriers (Cuppens et al., 1998).

Conclusions

1. Analysis of mutation delF508 and polymorphisms poly-T and poly-GT does not show association
with male infertility.
2. However, CFTR gene analysis is important in case of genetic counselling of male infertility.

.
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" ANALYSIS OF Y-CHROMOSOMAL MICRODELETIONS
AND POLYMORPHISM OF CFRT GENE IN INFERTILE MALES —
A STUDY FROM LATVIAN POPULATION

Male factor infertility accounts for about half the cases of couple infertility.
In more than 60% of cases the origin of reduced testicular function is unknown
but they may have an unidentified genetic anomaly. It is known that a great part
of observed chromosomal anomalies is related to the infertility. However, there
are several cases when chromosomal defects can not be predicted cytogenetically,
meanwhile, small changes on Y chromosome so called microdeletions have
occurred. Microdeletions of the long arm of the human Y chromosome are
associated with spermatogenic failure and have been used to define AZF region
that are recurrently deleted in infertile males. AZF (azoospermia factor) regions
are designates as AZFa, AZFb, and AZFc. AZFa locus is located on proximal
Yqll (Yqll.21), while AZFb and AZFc are located on distal Yqll (Yq11.23).
Deletions in the AZFa region are mainly associated with Sertolli ceil only syndrome
(SCOS), however, deletions in the AZFb region are mostly associated with
spermatogenic arrest and the range of phenotypes from azoospermia to
'oligozoospermia is connected with absence of the AZFc region (Briton-Jones et
al, 2000; Foresta et-al, 2001; Krausz et al, 2003; Raicu et al, 2003).

CFTR gene that is located on human chromosome 7 also is related to male
infertility. Classically mutations in CFTR gene are the cause of autosomal
recessive disorder — cystic fibrosis. CFTR gene encodes for transmembranal
protein, which is responsible for Cl ions transport in or off the cell. Mutations
in CFTR gene are reason for development of defective Cl ions channel that
leads to the alterations in secretion of the mucus, and defects in different organs.
In males mutations in CFTR gene phenotypicaly looks like obstructive
azoospermy, with results CBAVD — lack of vas deferens. The most common
mutations in CFTR gene that correlate with male infertility are delF508, poly-
T 7/7, T5IS variants and R117H (Kanavakis et al, 1998; Philipson et al, 2000).

The aims of our research were: a — to introduce the molecular screening
method of Y-chromosomal microdeletions in Latvia, b— to detect microdeletions
in AZFa, AZFb, and AZFc gene families, ¢ — to detect polymorphism of CFRT
gene in infertile male, respectively, the presence of delF508 mutation.

Material and methods

Material of the research was DNA isolated from the blood cells. Objects
for Y-chromosomal microdeletions and male infertility association study were
56 individuals with different spermatogenic arrest such as azoospermia, severe
oligozoospermia, oligo-astheno-terato-zoospermia. All cases of azoospermia
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or oligozoosrermia resulting from endocrine or obstructive causes or with a
constitutional cytogenetic abnormality were excluded from our study.

Microdeletions in AZF region were determined by two multiplex PCR
amplifications using ten primer pairs. Two non-polymorphic STS loci were
analyzed in each AZF region (in AZFa — sY84 and sY86, in AZFb — sY 127
and sY134, in AZFc — sY254 and sY255). .

It was sufficient enough in order to confirm the occurrence of microdeletions.
Internal PCR control (ZFX/ZFY) was used as well as DNA sample from a fertile
male and from: a female, and blank control was run in parallel with each multiplex.
PCR products were analysed in 6% polyacrilamide gel (Simoni et al, 2001; Simoni
et al, 2004). _

Mutations in CFTR gene, respectively, mutation in CFTR gene exon 10
— delF508 was determined by PCR reaction using designed primers. PCR
products were analysed in 6% polyacrilamide gel (Cui et al, 1995).

Results and discussion

Y chromosome microdeletions have been in the increasing interests of clinicians
and scientists after ICSI (intracytoplasmic sperm injection) was introduced as the
main treatment option for severe male factor infertility. Barlier studies showed
high incidence of Y chromosome microdeletions in idiopathic oligo- or azoospermia,
which prompted many researchers to screen their populations. The frequency of
deletions was reported to be in the range of 0.7-34.5 % with an average of 8.2%.
The results shown in our study, 3 samples out of 56 analysed infertile male DNA or
5%, is in the lower part of this range. The wide range of the deletions in different
publications was suggested to be due to the ethnic composition of populations
under the study. In addition, the inclusion criteria could have also played an
important role in this variable frequency of deletion.
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Fig. 1. Schematic representation of Y chromosome (modified drawing from Promega technical
manual). Localisation of AZF regions — AZFa, AZFb and AZFc and their corresponding
STS loci. Underlined STS were analysed by our research
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All three patients with Y chromosome microdeletions have deletions in
AZFc region. Respectively they were screened with two STS — SY254 and
SY255. The two markers sY254 and sY255 are specific for the DAZ gene, which
is present in four copies arranged in two complexes of two genes each in head-
tohead orientation located in the palindromes P2 and PI respectively in the
reference MSY sequence. The absence of both markers indicates deletion of the
entire AZFc region, which removes all copies of DAZ. Deletions of the AZFc
region are the leading group of all Y chromosomal microdeletions.

5 8 7 &

23 E: 2
Multiplex A Multiplex B

ZFY: 495bp ZFY: 495bp

SRY: 472bp SRY: 472bp

sY254: 400 bp (AZFc) sY84: 326 bp (AZFx)
sY86: 320 bp (AZFa) ° sY134: 301 bp (AZFb}
sY127: 274 bp (AZFb) sY255: 126 bp (AZFc)

Fig. 2. Analysis of Y-chromosomal microdeletions in 6% polyacrilamide gel. Multiplex A: line

1 pUCS size marker, line 2 negative control, lane 3 female DNA (internal control), lane 4 and

5 DNA of normal male, line 6 DNA of AZFc deleted patient. Multiplex B: line ] pUCS size

marker, line 2 negative control, lane 3 female DNA (internal control), lane 4 and 8 DNA of
normal male, line 5 — 7 DNA of AZFc deleted patients

The infertility phenotype of analysed patients with AZFc deletions was
azoospermia. It also corresponds to the literature date, because most of
publications mention that AZFc deletions can be found in men with azoospermia
or severe oligozoospermia and, in rare cases, can even be transmitted naturally
to the male. In men with azoospermia and AZFc deletion there is a fairly good
chance of retrieving sperm from TESE and children can be conceived. by ICSL
The sons of these patients will be AZFc-deleted. Therefore Y chremosomal
microdeletion analysis before ICSI procedures is so important.

It has been described that of the 25% or so of infertile patients =xhibiting
azoospermia, 30% possess an obstructive process (obstructive azoospermia) whilst
the remainder exhibit primary testicular malfunction (non-obstructive
azoospermia). Of those diagnosed with obstructive azoospermia, 25% present
CBAVD. The prevalence of this condition is 2% of all infertile males. CBAVD is
‘a disorder characterized by bilateral regression of variable section of the
epididymis, vas deferens and defficienty of seminal vesicles. Because of the
remarkable similarities between these anatomical properties and that observed in
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men with cystic fibrosis, it was proposed that these seemingly discrete disorders
were in fact derived from the same genetic origin. The validity of hypothesis was
supported when mutations in the CF transmembrane (CFTR) gene were detected
in both patients with CF as well as infertile men with CBAVD. Therefore, the
first step in our research was to detect most common mutation in CFTR gene —
delF508. However, delF508 mutation was not found in analysed 56 DNA samples
of infertile males. It is not so surprising because data of other scientific groups
suggest that for the greatest part other polymorphisms in CFTR gene were
associated with spermatogenic arrest, namely R117H and poly T variants.

Conclusions . » _

The frequency of Y-chromosomal microdeletions is low in Latvian
population, however, Y chromosome microdeletion screening is important not
only to define the aetiology of spermatogenic failure but also because it gives
precious information for more appropriate clinical management of both the
infertile male and his future male child.

Out of 56 analysed DNA samples of infertile males mutation delF508 in
CFTR gene was not observed. It suggests that during ICSI procedure future
male offspring of those infertile males will not receive a recessive gene that could
cause cystic fibrosis.
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Summary

Out of 56 analyzed infertile male DNA samples we have found three cases (5%) with
microdeletions that were observed only in AZFc region at SY254 and SY255 STS loci. The
mentioned microdeletions were detected in DAZ gene, which is more frequently associated
with azoospermia phenotype. Analysis of CFTR gene mutation de]F508 showed that all 56
DNA samples of infertile males do not have mentioned mutation.

ITposened aHanns MHKpOZeNeLrii B Y-XPOMOCOME y 56 GeCTLIIOAHEIX MYXIHH. Hacrora
Muxpozesnenuil 5% (3 u3 56 nccnexyeMeIx o6pasuos) B JlaTeuiickoii nomynsuuu. Y BoeH BHI-
60pXe MHKPO/IENEHH JIOKAH30BaHHEL B AZFc pernoHe, KOTOPBIH COOTBETCTBYET EeHOTHITY
asoocriepmu. Ananus myTanus delF508 8 CFTR rexe He roxasar acCOUMALKIO ¢ MyXUCKUM
GeCILTONHEM B HCCIEAYeMOii BEIGOpKe.
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Introduction

Approximately 10-15% of couples in Europe and in Latvia are affected by infertility. Male factor infertility
accounts in about half of them and about 30-40% of male infertility is due to unknown origin. Spermatogenic failure
has been associated with several non-genetic and genetic conditions (Dohle et al., 2002). Genetic background of male
nfertility is cytogenetic abnormalities and mitations in human autosomes and in sex chromosomes.

However, there are several cases when chromosomal defects can not be detected cytogenetically, mean-
#hile, small changes on Y chromosome so called microdeletions have occurred (Hellani et al., 2006). Microdeletions
of the long arm of the human Y chromosome are associated with spermatogenic failure and have been used to define
AZF region that are recurrently deleted in infertile males. AZF (azoospermia factor) regions are designated as AZFa,
AZFb, and AZFc. AZFa locus is located on proximal Yql1 (Yql11.21), while AZFb and AZFc are located on distal
¥qll (Yq11.23) (Fig. 1). Deletions in the AZFa region are mainly associated with Sertoli cell only syndrome
}COS), however, deletions in the AZFb region are mostly associated with spermatogenic arrest, and the range of
Phenotypes from azoospermia to oligozoospermia is connected with absence of the AZFc region (Briton-Jones et al.,
2000; Foresta et al., 2001; Krausz et al., 2003; Raicu et al., 2003).

A At the autosomal gene level reproductive failure often has been linked with CFTR gene. CFTR gene is
cated on chromosome 7 and encodes for CFTR transmembrane protein, which is responsible for chlorine (CI) ions
sport. Classically mutations in CFTR gene cause cystic fibrosis (CF). Mutations in CFTR gene are reason for
Velopment of defective chlorine ions channel that leads to the alterations in secretion of the mucus, and defects in
ereht organs. Infertility in CF males results from congenital bilateral absence or atrophy of the vas deferens

™ Mutation analysis of the CFRT gene has shown that a large proportion of these sterile man carry mutations in at
‘!‘ one of there CFTR gene (Kanavakis et al., 1998; Philipson et al., 2000). The most common mutations in CFTR
e that correlate with male infertility are delF508, poly-T 7/7, T5/5 variants and R117H (Huynh et al., 2002; Pont-

l The aims of our research were: a — to introduce the molecular screening method of Y-chromosomal micro-
k. et10rls in Latvia, b — to detect microdeletions in AZFa, AZFb, and AZFc gene families, ¢ — to detect the presence
* deIF508 mutation in CFTR gene in infertile males.

“aterial and methods

i Material of the research was DNA isolated from the blood cells. Objects for Y-chromosomal microdeletions
= Male infertility association study were 66 individuals with different spermatogenic arrest such as azoospermia,
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evere oligozoospermia, oligo-astheno-terato-zoospermia, and 16 males who are affected with cystic fibrosis. All
es of spermatogenic failure resulting from endocrine or other non-genetic causes or with a cytogenetic abnor-

Jlity were excluded from our study. Objects for mutation delF508 analysis in CFTR gene were 58 individuals with
«ferent spermatogenic failure and known absence or presence of Y-chromosomal microdeletions.
Microdeletions in AZF region were determined by two multiplex PCR (polimerase chain reaction) amplifi-
;ons using ten primer pairs. Two non-polymorphic STS loci (Fig. 1) were analysed in each AZF region (in AZFa—
vg4 and sY86, in AZFb — sY127 and sY134, in AZFc —sY254 and sY255).

Internal PCR control (ZFX/ZFY) was used as well as DNA sample from a fertile male and from a female,
_d blank control was run in parallel with each multiplex. PCR products were analysed in 6% polyacrilamide gel
'F;imoni et al., 2001; Simoni et al., 2004). :

Mutations in CFTR gene, respectively, mutation in CFTR gene exon 10 — delF508 was determined by PCR
|zaction using designed primers. PCR products were analysed in 6% polyacrilamide gel (Cui et al., 1995).

Y-

igure 1. Schematic representation of Y chromosome (odified drawing from Promega technical manual). Localisation of AZF

I(»
egions — AZFa, AZFb and AZFc and their corresponding STS loci. Underlined STS were analysed in our research
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Results and discussion

Analysis of 66 DNA samples of individuals with different spermatogenic arrest showed four cases (6%)
#ith microdeletions. In three cases microdeletions were located in AZFc region. However one sample showed dele-
lons of all tree AZF regions. ,

The frequency of Y-chromosomal microdeletions was reported to be in the range of 0.7-34.5% with an
Werage of 8.2% (Simoni et al., 2004). The results shown in our study, four samples out of 66 analysed infertile male
DNA or 6%, is in the lower part of this range. The wide range of the deletions in different publications was suggested
o be due to the various inclusion criteria under the study and in addition the ethnic composition of populations could
have also played an important role in this variable frequency of deletion.

Three of four patients with Y chromosome microdeletions have deletions in AZFc region (Fig. 2), and one
has deletion of all three AZF regions (Fig. 3). In the case of AZFc microdeletions, two STS sites (SY254 and §Y255)
%ere deleted. Those STS markers are specific for the DAZ gene, which is present in four copies arranged in two com-
Plexes of two genes each in head-to-head orientation located in the palindromes P1 and P2 respectively in the refe-
Tnce MSY (male specific region of the Y chromosome) sequence. Deletions of the AZFc region are the leading
Zoup of all Y chromosomal microdeletions. Besides, one paticnt has had a unigue combination of deletions in all three
AZR regions. However, deletions of six STS sites — two STS in cach AZF region, are really found among different

¥-chromosomal genotypes.
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Multiplex A:

line 1 — pUCS8 size marker,

line 2 — negative control,

lane 3 — female DNA (internal control),
lanes 4 and 5 - DNA of normal male,
line 6 — DNA of AZFc deleted patient.

Multiplex B:
line 1 — pUCS size marker,

sY254: 400 bp (AZFc)
sY86: 320 bp (AZFa)

sY84: 326 bp (AZFa)
sY134: 301 bp (AZFb)
sY255: 126 bp (AZFc)

z};ugtplz!;ﬁfz %&Plgfbb line 2 — negative control,
: p : B .
SRY: 472bp SRY: 472bp lane 3 — female DNA (internal control),

lanes 4 and 8 — DNA of normal male,
lines 5 to 7 — DNA of AZFc deleted
patients.

s¥127: 274 bp (AZFDb)

Figure 3. Y-chromosome microdeletion analysis, showing the deletion of all three AZF regions

1 2 84 &5 & 7 8

4 5 6

Multiplex A (lines 2—5) and
Multiplex B (lines 6-9):

line 1 — pUCS8 size marker,
lines 2 and 6 — negative control,

Multiplex A, Multiplex B .
ZFY:p 4§5 bp ZEY: 495bp lanes 3 and 7 — female DNA (internal
SRY: 472bp SRY: 472bp control),

lanes 4 and 8 — DNA of normal male,
lines 5 and 9 — DNA of AZFa, AZFb
and AZFc deleted patient.

sYR4: 326 bp (AZE)
sY134: 301 bp (AZFD)
sY255: 126 bp (AZFc)

§¥254: 400 bp (AZFc)
s¥B86: 320 bp (AZF4)
§Y127: 274 bp (AZFb)

The infertility phenotype of -analysed patients was azoospermia. It also corresponds to the literature date,
‘because most of publications mention that AZFc deletions can be found in men with azoospermia or severe oligo-
Zoospermia and, in rare cases, can even be transmitted naturally to the male. In men with azoospermia and AZFc
deletion there is a fairly good chance of retrieving sperm from TESE (testicular extraction of sperm) and children
can be conceived by ICSI (intracytoplasmic sperm injection). The sons of these patients will be AZFc-deleted.
‘Therefoie Y chromosomal microdeletion analysis before ICSI procedures is so important.

Of 16 males affected with cystic fibrosis microdeletions on their Y-chromosomes were not found (data not
shown). It means that these results confirm that Y-chromosomal microdeletins are not infertility cause in these 16
Patients,

It has been described that of the 25% or so of infertile patients exhibiting azoospermia, 30% possess an ob-
Structive process (obstructive azoospermia) whilst the remainder exhibit primary testicular malfunction (non-obstructi-
Ve azoospermia). Of those diagnosed with obstructive azoospermia, 25% present CBAVD. The prevalence of this con-
dition is 2% of all infertile males. CBAVD is a disorder characterized by bilateral regression of variable section of the
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3 ididymis, vas deferens and defficienty of seminal vesicles. Because of the remarkable similarities between these
natomical properties and that observed in men with cystic fibrosis, it was proposed that these seemingly discrete dis-
: orders were in fact derived from the same genetic origin. The validity of hypothesis was supported when mutations in
ihe CF transmembrane (CFTR) gene were detected in both patients with CF as well as infertile men with CBAVD.
‘therefore, the first step in our research was to detect most common mutation in CFTR gene — delF508. However,
 JelF508 mutation was not found in analysed 58 DNA samples of infertile males (data not shown). It is not so sur-
ing because data of other scientific groups suggest that for the greatest part other polymorphisms in CFTR gene

pris
‘:’CIC associated with spermatogenic arrest, namely R117H and poly T variants.

Conclusions

The frequency of Y-chromosomal microdeletions is low (6%) in Latvian infertile male population, however,
¥ chromosome microdeletion screening is important not only to define the aetiology of spermatogenic failure but also
pecause it gives precious information for more apPropﬁam clinical management of both the infertile male and his future

male child.
Of 58 analysed DNA samples of infertile males mutation delF508 in CFTR gene was not observed. It sug-

gests that during ICSI procedure future male offspring of those infertile males will not receive a recessive gene that
could cause cystic fibrosis.
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The genetic variation between different populations allows to understand human history and geo-
graphical structure at a continental level. The paternally inherited Y chromosome is particularly
sensitive to the influences of genetic drift and founder effect. Therefore, the Y chromosome loci
are ideal for assessing the origins of contemporary population diversity, and migration patterns. In
the current article the global patterns of DNA sequence variation on the Y chromosome are pre-
sented, as well as data on the role of Y chromosome microdeletions in human reproductive pa-
thology. Understanding of the genetic heterogeneity of the Y chromosome within the Latvian
population requires more detailed studies of Y chromosomal binary polymorphisms, short tandem
repeats, as well as analysis of Y chromosomal microdeletions in azoospermia factor region.

ODUCTION"'

{ chromosome is one of the smallest chromosomes in
iman genome and represents around 3% of a haploid
ie. It consists of a male-specific region (MSY), which
b up 959 of its length and is flanked by pseudo-
binal regions, does not‘undergo meiotic recombina-
ind is transmitted from the father to the son unchanged
S mutation events take place.

fode of inheritance and particular features of the Y
osome make its DNA sequence variation an invalu-
0ol for the study of modern human evolution and
it the re construction of an unequivocal haplotype phy-
%, which can be related to the geographical distribu-
)l the Y haplogroups.

“empt to discuss observed phylogeographic patterns
C chromosomal variation in the context of global
on diversifications, and particularly to trace linea-
Urope and the Baltic States, including Latvia, is one
j ,fhiS review. Another one is to depict medical aspects
* ¥ chromosome.

Ally, this review designates trends in future important

Hfomosome in the Latvian population.

41 Acad. Sci., Section B, Vol. 59 (2005), No. 3/4.

hyIDgenetical, evolutional, and functional studies of

Key words: Y chromosome, phylogenetic studies, male infertility.

ORGANISATION OF THE HUMAN Y CHROMOSOME

The existence of a male specific chromosome in humans
was first confirmed by Painter in 1921 (see Skaletsky et al.,
2003). In 1959, Jacobs’ and Ford’s studies revealed that the
Y chromosome carries an essential gene for sex determina-
tion in human males called the sex determining region of Y
(SRY) (for a review, see Skaletsky et al., 2003).

The Y chromosome is 63 Mb in length. Nowadays, it is
known that besides MSY there are two short regions (ac-
counting of 5% of the Y) on both ends of the Y chromo-
some called pseudoautosomal regions: PARI, 2.6 Mb, and
PAR2, 0.32 Mb (Figure 1), which are still identical to the
corresponding regions of the X chromosome. The MSY is a
mosaic of 23 Mb of euchromatin and a variable amount of
heterochromatin (roughly, 37 Mb), which is cipmposed of
highly repetitive DNA and often dismissed as non- func-
tional. 8 Mb of euchromatin are located on the short arm
(Yp) and roughly 15 Mb—on the long arm (Yq). There re-
main two unknown gaps in the MSY (each of them 50 kb
long). The MSY is shaped from three classes of euchro-
matic sequences: X-transposed, X-degenerated, and ampli-
conic (Skaletsky et al., 2003). All these classes together
consist of 156 known transcription units including 78
protein-coding genes of 27 different proteins, but the re-
maining 78 transcription units are probably non-coding.
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2001; Jobling and Tyler-Smith, 2003; Skaletsky er al., 2003).

&

siein-coding genes are divided into two large functional
ses: genes expressed throughout the body and genes ex-
wsed predominantly or exclusively in testes (Lahn and
e, 1997).

¢ X-transposed sequences comprise 3.4 Mb of DNA and
tplaced in two blocks on the short arm of the Y (Yp). Se-
nces of this class show 99% identity to the chromosome
21 region (Skaletsky et al, 2003). It seems that a mas-
¢ single X-to-Y transposition occurred about 34 million
ars ago (Mumm ef al., 1997). There are only two
otein-coding genes detected in this class (expressed in
ies and in brain). The X-transposed sequences show the
West density of genes among all three MSY euchromatic
ses, but have the highest frequency of interspersed re-
elements. The non-coding transcription units have not
tn detected in the X-transposed sequences.

ic X-degenerated sequences are distributed on both arms
the Y chromosome in eight blocks forming 8.6 Mb of
YA. They are supposed to be the remnants of ancient
f0somes from which X and Y chromosomes evolved. The
luences of this class are composed of single-copy gene or
%udogene homologues of different X-linked genes. The
tlegenerated sequences encode 16 of the MSY’s 27 dis-
€t proteins and all 12 ubiquitously expressed MSY genes
*found in this region. Conversely, only one gene of all 11
*dominantly in testes expressed MSY genes (the sex-
€mmining SRY gene) and four non-coding transcription
s are detected in the X-degenerated segments.

7] Heterochromatic

RBMY1
DAZ

AZFb AZFc

Bf Pseudoautosomal [ ] Euchromatic

[ Others cen - centromere

] Organisation of the Y chromosome. A short arm of the Y is labelled as Yp and the long arm as Yq. Roughly 95% of the Y chromosome is “a male spe-
g region of the Y* (the MSY) and this region consists of three classes of euchromatic sequences: X-transposed, X-degenerated, and ampliconic. The MSY
ion is enveloped by two pseudoautosomal regions: PAR1 and PAR2. Genes are marked in italics. All ampliconic genes are expressed exclusively only in
zs. X-transposed and X-degenerated genes occur in one copy in the Y, but all ampliconic genes are found in several copies (2-35). Three AZF regions
t the segments of the Y, in which occurring deletions may cause infertility. All main candidate genes of spermatogenesis are labelled in bold (Foresta et

The ampliconic class contains approximately 30% of the
MSY euchromatin scattered in seven blocks on both arms
of the Y. Altogether nine distinct protein-coding gene fami-
lies (about 60 transcription units) are detected there, with
copy numbers ranging from two to 35, and predominantely
expressed in testes. Ampliconic sequences include 74 other
transcription units known as non-protein coding ones.

The structural features of the amplicons are eight large pal-
indromes located on the Yq and five sets of widely spaced
inverted repeats on both arms. Palindromes are long with
arms ranging from 9 kb to 1.45 Mb in length, collectively
encompassing 5.7 Mb. The length of the inverted repeats is
in range of 62 to 298 kb (Skaletsky et al., 2003).

Gene conversion, the non-reciprocal recombination of se-
quence information, often takes place between duplicated
sequences of ampliconic palindromes (Rozen et al., 2003).
This process provides a mechanism for conserving gene
functions across evolutionary time in the absence of cross-
ing over (reciprocal recombination).

The heterochromatic sequences of the Y chromosome en-
compass three separated blocks; all of them consist of mas-
sively amplified tandem repeats of low sequence complex-
ity. The first block (roughly 1 Mb) is placed in the
centromeric region. A much larger block (40 Mb) encom-
passes the greatest part of the Yq. The shortest heterochro-
matic block spans only 400 kb, including 3000 tandem re-
peats of 125 bp, and interrupts the euchromatic sequence of
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the Yq. There is no evidence of the existence of transcrip-
tion units in the heterochromatic part of the MSY (Skalet-
sky et al., 2003).

Y chromosome-specific short tandem repeats (Y-STRs)

A number of polymorphic STR loci on. the Y chromosome
have been discovered recently. In 1997, the European fo-
rensic community settled on an informative core set of nine
Y-STR markers or “minimal haplotype” for appropriative
needs. These loci are highly variable and the most used also
in population genetics. This core minimal haplotype can be
extended by other hypervariable Y-STR loci to further in-
crease the power of discrimination*.

No significant differences were found between the average
Y-STRs and autosomal STRs mutation rates (Kayser and
Sajantila, 2001). .

Special features of the Y chromosome that make it suit-
able in population studies

The Y chromosome has several specific features that enable
its use as a tool for population and forensic studies:

(1) the human Y chromosome is constitutively haploid (ex-
cluding PARs) and therefore the largest part of the Y (the
MSY region) does not undergo reciprocal recombination
during meiosis; )

(2) it can be only paternally inherited;

(3) different polﬁﬁorphic markers are on the Y chromo-
some. The Y chromosome’s binary (biallelic) poly-
morphisms are characterised by lower mutation rates than
STRs (=10 versus =107 mutations per generation); there-
fore, a unique and deep-rooting phylogeny can be con-
structed based on both marker analyses (Kayser and
Sajantila, 2001);

(4) mutations are the only force that acts on Y haplogroups
and haplotypes, and so the Y chromosome diversity reflects
simpler records on its history than other chromosomes;

(5) the effective population size of the Y chromosome is 1/4
of that of any autosome, 1/3 of that of the X chromosome
and is similar to that of the haploid mitochondrial DNA;

(6) mutation processés act on all chromosomes, but the Y
chromosome has lower sequence diversity and it is more
susceptible to genetic drift;

(7) patrilocality, in which children are born closer to their
father’s birthplace than their mother’s, is more common
than matrilocality. This has often led to greater geographic
clustering of the Y chromosome’s variant at a local scale
and may contribute to larger scale patterns as well (for a re-
view, see Jobling and Tyler-Smith, 2003).

* See hutp://www.ystr.org
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MEDICAL ASPECTS OF THE Y CHROMOSOME

The long arm of the Y chromosome contains genes and
gene families involved in spermatogenesis and are crucial
for germ cell development and differentiation (Dada et al.,
2004). Despite the fact that deletions in the long arm of the
Y chromosome associated with spermatogenic failure were
discovered in 1976 (Tiepolo and Zuffardi, 1976), only re-
cently this part of the Y chromosome was described at the
molecular level (Raicu et al., 2003). Vogt et al. (1996) ob-
served that Y chromosome microdeletions follow a certain
deletion pattern, with three recurrently deleted non-over-
lapping subregions in proximal, middle, and distal parts of
the long arm of the Y chromosome (Yql1) (Krausz et al.,
2003). This region is referred to as the AZF (azoospermia
factor), because the most severe phenotype of male infertil-
ity is associated with its deletion. Three non-overlapping
loci of the AZF region are designated as AZFa, AZFD,
and AZFc. AZFa locus is located on the proximal Yqll
(Yq11.21), while AZFb and AZFc are located on the distal
Yqli (Yql1.23). Deletion of these loci results in spermato-
genic arrest and is associated with azoospermia (the com-
plete absence of spermatozoa), oligozoospermia (concentra-
tion of the spermatozoa is less than normal—5-20 millions
per ml), and also with variations of the testis histological
profile: Sertoli cell only syndrome (SCOS) (the absence of
germ cells in each (type I) or in most (type II) testis tu-
bules), hypospermatogenesis, and sperm cell maturation ar-
rest (Dada et al., 2004). Deletions in the AZFa region are
mainly associated with SCOS, however deletions in the
AZFb region are mainly associated with spermatogenic ar-
rest, and the range of phenotypes from azoospermia to
oligozoospermia is associated with thé absence of the AZFc
region (Raicu et al., 2003).

Genes that are located in these three AZF regions encode
RNA binding proteins and may be involved in the regula-
tion of gene expression, RNA metabolism, RNA packing
and transport to cytoplasm, and RNA splicing (Dada et al.,
2004).

Several genes located in AZF regions are expressed in the
testes and could therefore be viewed as “AZF candidate
genes.” However, based on studies of infertile patients, only
a few genes can actually be considered responsible for the
AZF phenotype.

RBMY (RNA-binding motif, Y chromosome) was the first
among the AZF candidate genes to be identified (Ma et al.,
1993). Subsequently, it was shown that, in fact, there is a
group of 20-50 genes and pseudogenes spread over both
arms of the Y chromosome, including a cluster within the
AZFb region,; therefore, it was named the “RBMY gene fam-
ily.” Such copies belong to at least six subfamilies, but
RBMY-I is the only actively transcribed gene. The actual
function of RBMY in male germ cell development is still un-
clear. RBMY is considered to be the major AZFb candidate
gene, because it is testis-specific, it is absent in a fraction of
infertile patients, and has homology with the mouse Rbm
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enc, the deletion of which causes male sterility (Briton-
iones and Haines, 2000; Foresta et al., 2001).

wo years later, the next AZF-candidate gene was identi-
sed from the AZFc region (Reijo er al., 1995). This gene
vas named DAZ (deleted in azoospermia) and was origi-
J;.ally thought to be single copy, whereas it is now clear that
'1is a member of a multigene family with more than one
]_;opy on the Y chromosome, clustered in the AZFc region.
herefore, DAZ was renamed the “DAZ gene family.” DAZ
ike RBMY is transcribed and translated into proteins only in
nale germ cells. DAZ is found on the Y chromosome only
¢ humans, in all other mammals it is represented as an
utosomally located, single copy gene. Although DAZ is not
4e only gene present in the distal Yq part, the high preva-
51%1166 of deletions in this gene in infertile men makes it the
smjor AZFc candidate. This possibility is further strength-
ued by the high homology of DAZ with a Drosophila male
lmfertility gene, boule, the mutation of which causes Sper-
patogenic arrest (Burgoyne, 1996; Eberhart et al., 1996).
furthermore, more recent proof of the spermatogenic role
if the DAZ gene product arises from the observation that a
hman DAZ transgene is capable of partially rescuing the
gerile phenotype of a mouse knockout for the homologous
gne Dazl (Briton-Jones and Haines, 2000). However, be-
ides DAZ, several other genes have been mapped in the
iZFc region: CDY1 (chromodomain Y 1), BPY2 (basic pro-
¢in Y 2), PRY (PTA-BL related Y), and 7772, (testis tran-
¢ript Y 2). The function of these genes is unknown, but
bey share similar-characteristics: they are in multiple copies
m the Y chromosome, they are expressed in the testes only,
nd they are Y specific (Foresta et al., 2001).

The structure of AZFa and its gene content have only re-
ently been described, and analyses of this region in infer-
ile males suggested that three genes might be considered
iZFa-candidates (Lahn and Page, 1997; Brown ef al,
1998). The first gene identified in AZFa and subsequently
tiown to be absent in infertile patients was DFFRY (Droso-
thila fat facets related, Y chromosome), recently renamed
USP9Y (ubiquitin-specific protease 9, Y chromosome). This
gne differs substantially from the other AZF candidate
enes: it does not encode for an RNA-binding protein, but
eems to function as a C-terminal ubiquitin hydrolase; it is a
ingle-copy gene, it has an X-homologous gene that escapes
Linactivation, and it is ubiquitously expressed in a wide
mnge of tissues, rather than being testis specific. USP9Y oc-
‘pies less than half of the AZFa space, while the majority
o infertile males carrying AZFa deletions show the absence
“’f this entire region. These findings suggested that other
‘Eene(s) in this region might be responsible, either singly or
N combination with USP9Y, for the spermatogenic disrup-
‘ﬁﬁn observed in AZFa-deleted patients (Foresta et al,
000). Deletion of this locus was found to be associated
¥ith the SCOS type I and with small testes volumes (Vogt
%al, 1996). In fact, comparative mapping studies showed
bat two further X-Y homologous genes are both located
Vithin the AZFa region, suggesting a possible role in sper-
Matogenesis: DBY (dead box polypeptide, Y chromosome)

%

and UTY (ubiquitously transcribed tetratricopeptide repeat
gene, Y chromosome). All genes located in this region ap-
pear to be ubiquitously expressed, therefore, differing from
their mouse homologues. Initial studies on patients with de-
letions clearly limited to AZFa suggested that deficiency of
USPY9Y cause male infertility and that the additional loss of
DBY might make the phenotype more severe. An extensive
deletion and expression analysis of a deleted region in
highly selected infertile patients allowed to assemble a re-
fined map of AZFa and to demonstrate that DBY may repre-
sent the major spermatogenesis gene of this region. The role
for this gene in human spermatogenesis is further supported
by the significant homology of DBY with the mouse protein
PL10, which is testis-specific and expressed only in germ
cells (Foresta et al., 2001).

The relatively high frequency of de novo Y chromosome
deletions may be related to the high frequency of repetitive
elements clustered along the length of the chromosome, and
deletions may occur through aberrant recombination events
or by slippage during DNA replication. There may exist
also a particular Y chromosome haplotype that promotes
deletions of the AZF regions. Thus, some individuals may
be more susceptible to de nove deletions than others. Ad-
vanced paternal age also might promote the loss of a Y
chromosome sequence (Raicu et al., 2003).

Presently, data from more than-3,000 infertile men and
1,300 proven fathers have been published. Summarising
these published results, microdeletions were found in about
7.3% of the infertile men, but with a range of 1% (van der
Ven et al., 1997) to 55.5% (Foresta et al., 1998) in the indi-
vidual studies. Wide variations in deletion frequency re-
ported in the previously published work could be caused
mainly by different patient selection criteria and partly by
methodological aspects (Raicu et al, 2003). The vast ma-
jority of the deletions were found in azoospermic men
(66%), less in men with sperm cell concentration 5 million
per ml (28%) and sporadically in men with sperm cell con-
centration 5 million per ml (6%) (Foresta et al.; 1998).

Y chromosome microdeletions cannot be predicted cytoge-
netically, on the basis of clinical findings, or by semen
analysis. Thus, polymerase chain reaction (PCR) based AZF
screening for Yq microdeletions in infertile men is neces-
sary. Today, with the advent of assisted reproductive tech-
nology diagnosirig the presence of these deletions has be-
come very important (Dada et al., 2004).

The intracytoplasmic sperm injection (ICSI) technique is
rapidly becoming the accepted procedure to human-assisted
reproduction in the case of male infertility. ICSI has revolu-
tionised the treatment of males with spermatogenic defects,
allowing men, who previously would have been unable to
have children, to achieve biological paternity. When this
technique is applied, AZF-deleted spermatozoa are capable
of fertilising oocytes and eliciting full developmental poten-
tial of new embryo. Vertical transmission of the AZF region
defect to male offspring by ICSI has been reported as Y
status, because the infertility problem is transmitted to sons
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3nd leads to familiar infertility (Raicu ez al., 2003). There-
fore, patients should be offered Y chromosome microdele-
lion screening prior to ISCI.

MOLECULAR TYPING OF THE MSY REGION
Nomenclatures

As the number of the known Y chromosomal markers has
peen increasing, different systems have been used to clas-
sify Y chromosomal markers and their corresponding hap-
Jogroups and subhaplogroups. Hammer and Underhill
(2002) constructed a haplogroup tree for the human MSY
known as the Y’s Chromosome Consortium 2002 (YCC
2002). Jobling and Tyler-Smith (2003) improved this no-
menclature and this system is cited as YCC 2003. In this
nomenclature, major 18 haplogroups or clades are identified
with single capftal letters from A to R, zepresenting the
main divisions of the human MSY. To assign division of
these clades to subhaplogroups, small letters and numbers
are used (for example, subhaplogroup R1lal). Markers (for
example, M89, SRY-1532) are used to determine specific
haplogroups or subhaplogroups (Figure 2).

Each Y-STR has its nomenclature defined by its repeat mo-
tifs, which can be determined using the guidelines provided
by the DNA Commission of International Society for Fo-
rensic Genetics (Gill et al., 2001). The number of Y-STR’s

—
M42 SRY10831.1
M139 M94

M168 P9
1

YAPIM145 M89 P14 M213

M203

L

alleles and their combination define the haplotypes of the Y
chromosomal haplogroups.

Genetic markers

Many markers that can be used in molecular typing of the
MSY region are now known. These markers can be divided
into two large groups: about 250 biallelic markers (single
nucleotide polymorphisms (SNPs), and the Alu insertion
polymorphism) and 200 short tandem repeats (STRs). The
allelic status of several SNP loci has to be determined to
identify the frequency and distribution of Y chromosomal
haplogroups. STRs of the Y chromosome can be used for
analysis on a short evolutionary time scale or at the micro-
geographic level.

siallelic pol hisms’ {voi

Biallelic markers have only two alleles; therefore, they pro-
vide less information per marker than Y-STRs that can have
numerous alleles. Biallelic markers present a low-resolution
view of the Y lineages. A number of different technologies
and approaches have been used for examining Y-SNP
markers:

(1) To investigate the allelic status of a particular biallelic
marker of the Y, restriction fragment length polymorphism
method and sequencing analyses can be used.

1
: M4
MB0 | M174
M181 M9 | 4oy | m70 | MO
M52 P35
M147 | P8
IS 14
RY9438 M189
P19 M186
Mo | M20T 470
MO RPS4Y|( p2g
M216 |SRY4064 M20
M22
M1
M61

Tat ‘ M128

M175 !
MEH2

LLY22g
M124

P43

Fig. 2, The phylogenetic tree of Y-chromosomal haplogroups and subhaplogroups. It is based on the Y Chromosomal Consortium (Jobling and Tyler-Smith,
2003) with some modifications. Major haplogroups, subhaplogroups, and their clusters (K, P, and F) are shown in grey squares. In a cluster several corre-
sponding haplogroups and sub-haplogoups are enclosed. This phylogenetic tree contains haplogroups A~R and markers defining them (for example, M170,
P19). Haplogroups that are not defined by biallelic marker are indicated by an asterisk (for example, F*). Subhaplogroups present the deeper rooting of the
certain haplogroup and are marked with a capital letter (like its haplogroup, for example, R) and a number and small letter.
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(2) The most comprehensive approach to type Y-SNPs is
time-of-flight mass spectrometry multiplexes, developed by
Tyler-Smith and his colleges (Paracchini et al., 2002).

(3) Denaturing high-performance liquid chromotograpgy
can detect heteroduplexes and is efficiently used to identify
new polymorphisms as well as genotype samples (Underhill
et al., 1997).

(4) The Luminex Assay method is based on the Luminex
platform with allele-specific hybridisation, which allows to
examine up to 50 biallelic markers simultaneously (Arm-
strong et al., 2000).

Y-STRs’ typing

Y-STRs are very widely used Y chromosomal markers due
to their typing simplicity and high level of diversity. STR
typing involves simple and reliable PCR techniques. For
each additional nucleotide unit added to a DNA molecule,
the charge is increased proportionally to the addition in
mass:

(1) Each DNA sample can be typed in small multiplex sets
containing three to five STR loci. Megaplex PCR assay is
capable of simultaneously amplifying up to 20 different Y
STR markers (Butler et al., 2002).

(2) Capillary electrophoresis (CE) permits moré rapid DNA
separations. Another important advantage is a full automa-
tion of the electrophoresis process.

(3) The recently introduced capillary array electrophoresis
provides much higher sample throughput, using multiple
capillaries in parallel. Up to 96 samples can be analysed si-
multaneously (Mansfield et al., 1996).

(4) PCR and CE have been integrated on a microchip—mi-
crochip CE (Woolley and Mathies, 1994). Schmalzing et al.
(1999) demonstrated rapid STR separations using a dual-
wavelength laser-induced fluorescence detection system.

(5) MALDI-TOF Mass spectrometry offers high speed for
Y-STRs analysis. The mass of a DNA fragment can be ob-
tained in a fraction of a second. Many improvements have
been made recently to overcome the difficulties of fragmen-
‘ tation and poor ionisation of large DNA fragments.

Method used for detection of Y chromosome microdele-
tions

The diagnostic testing of deletions is performed by PCR
amplification of selected regions of the Y chromosome and
is often used for infertility analysis (Simoni et al, 1999).

Such PCR markers are known as STSs (sequence targed
sites), and today more than 300 have been physically
: mapped. Each STS detects known sequences of genomic
: DNA, and its amplification by PCR indicates the presence
' of this DNA sequence in the Y chromosome, while its ab-
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sence may indicate a deletion. The STS may be specific for
a gene or a gene family, or may detect anonymous se-
quences. Most of the problems associated with the STS—
PCR technique in screening for microdeletions derive from
the intrinsic nature of the Y chromosome, which largely
consists of repetitive elements and gene families widely dis-
persed along the chromosome (Foresta et al.,, 2001). How-
ever, careful precaution should be introduced to avoid tech-
nical failure (Simoni et al., 1999).

STATISTICAL AND PHYLOGENETICAL ANALYSIS
OF THE Y CHROMOSOMAL VARIATION

Several features of the Y chromosome and its specific
markers—both SNPs and STRs—make them very useful
tools for (1) intrapopulation analysis; (2) investigation of
the interrelationships of different populations; and (3) the
statistical and phylogenetical analysis of the Y chromoso-
mal markers, allowing to clarify the structural and geo-
graphical patterns, migrations and admixtures of popula-
tions.

Intrapopulation statistical analysis

Several statistical indices are applied to investigate popula-
tion genetical structure: standard diversity, nucleotide diver-
sity, haplogroup/haplotype diversity, the mean number of
pairwise differences among SNP/STR, and Nei’s heterozy-
gosity. The correlation among genetical, geographical, and
linguistic structure of different populations or subpopula-
tions can be evaluated by analysis of thie population struc-
ture:

(1) The Mantel test determines the presence of isolation-
by-distance.

(2) The analysis of molecular variance (AMOVA) is a test-
ing procedure that measures the genetic structure of the par-
ticular population. It is based on permutational analysis and
involves few assumptions about the statistical properties of
the data. Both the Mantel test and AMOVA are included in
the Arlequin 2.000 package.

(3) To estimate the statistical reliability for SNP/STR allelic
frequency, the Bayesian credible region can be calculated
by the computer program SAMPLING.

(4) Discriminatory capacity can be determined by dividing
the number of different haplotypes found in given popula-
tion by the total number of samples in that population
(Redd et al, 2002).

(5) To provide insight into the relative roles of historical
events and ongoing processes in generating patterns of ge-
netic variation, Nested Cladistic Analysis (NCA) included
in the GeoDis version 2.0, can be performed (Templeton et
al., 1995). NCA is applied to disentangle the effects of
population history (contiguous range expansion, long-
distance colonisation, fragmentation) from population struc-
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wre (recurrent gene flow restricted by identity-by-descent
(IBD), and long-distance dispersal). It helps to clarify statis-
tically significant associations between haplogroups (or
haplotypes) and geography in terms of population history
and population structure factors (Hammer et al., 2001).

\
; Interpopulation statistical analysis

‘ (1) To reduce the dimensionality of the data set and to iden-
tify new meaningful underlying variables, principal compo-
' nent analysis (PCA) can be undertaken using the POPSTR
. program (Richards et al.,, 2002). PCA is based on SNP/STR
frequencies. Only haplogroups/haplotypes which have a no-
ticeable impact on the scatterplot are used for PCA.

(2) Nonmetric multidimensional scaling analysis is an ordi-
nation technique performed on the @, distances between
populations for representing the dissimilarity among popu-
lations. .

(3) Spatial autocorrelation analysis can be performed using
the autocorrelation index for DNA analysis (Bertorelle and
Barbujani, 1995), which summarises genetic variation
among individuals as a function of their distance in space
(Hammer ez al., 2001).

(4) Discriminative haplogroups can be determined by com-
paring the 95% confidence intervals of the frequency por-
tions of the source and outgroup (the closest known sister
population with minimal impact from source) populations.
This method expands upon the method of Shriver et al.
(1997), by revealing;population-speciﬁc‘allcles distinguish-
ing the source populations. '

(5) Genetic differentiation under an IBD model can be
tested by the regression of genetic distance estimates for
pairs of populations on geographic distances (Slatkin and
Maddison, 1990).

Phylogenetic analysis

The Median Join network can be constructed using the Net-
work 4.0 programme with default settings. For these calcu-
' lations, Y-STR loci are weighed according to their vari-
' ances such that higher weights are assigned to the least
variable loci. The reduced median output can be used as in-
put for the median join network analysis. In this way the
ability of median join algorithm to produce large reticula-
fions within network is reduced (Hurles ez al., 2002).

Haplogroup/haplotype ages can be estimated using two ap-
proaches: the phylogenetical one (via the statistic of p, the
| average distance to a specified founder haplogroup) and a
population genetical statistic (via a Bayesian-based coales-
cence analysis). In both cases, the estimate refers to the
more recent common ancestor, p compares a set of selected
haplogroups/haplotypes to an ancestral node, as measured
by single differences (Forster et al., 1996).
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To determine the relative time of the divergence of popula-
tions on the STRs, the estimator T, and Y-STR variation in
two groups of individuals that diverged from a common an-
cestor evolving via both mutation and genetic drift can be
used (Zhivotovsky, 2001).

WORLDWIDE DIVERSITY OF THE Y CHROMO-
SOME’S HAPLOGROUPS

The first studies of human molecular diversity suggested
that the first anatomically modern human evolved from a
small African population 50,000 years ago and subse-
quently colonised the whole world (Thomson er al., 2000).
This replacement model, called “out-of-Africa” model has
since been widely adopted by the human population genet-
ics community (Cann et al., 1987; Vigilant et al., 1991). Ar-
cheological evidence shows that there have been at least
two distinctive migrations: an early southern migration
about 50,000 years ago (around the northern edge of the In-
dian Ocean), and slightly later, a northern migration into
Eurasia. There have been several subsequent migrations and
changes, but traces of overall differences remain (for a re-
view, see Jobling and Tyler-Smith, 2003).

It is important to compare the linguistic affiliation of the
populations, because a common language or related lan-
guages usually indicate a common origin further back in
time. As a result, a language difference may be a barrier for
free gene flow. However, there does not always exist a
strong correlation between linguistic and genetic patterns of
the populations.

Africa

Six main haplogroups (hgs) have been observed among the
African populations: A, B, E, G, J, and R. Most of these
lineages show a strict regional distribution within the Affri-
can continent (Cruciani et al., 2002). The majority of Y hgs
show a non-uniform distribution across the Africa conti-
nent. Analysis of SNPs revealed that three main clusters of
populations can be identified: Northern, Eastern, and sub-
Saharan Africans. The observed pattern of the MSY varia-
tion shows a distinct geographical structuring in Africa. The
haplogroup (hg) sharing among these three population
groups is limited, several hgs are common in one area, but
rare or absent in other regions. The only notable exception
is sub-hg E3b, which is common in East, North, and South
Africans.

Hgs A and B are specific only to Africa, diverse, and sug-
gest a stronger genealogical heritage than other hgs
(Underhill et al., 2000; 2001). The pattern of hg A and hg B
distributions, their phylogenetical position and accumulated
variation indicate the early diversification and dispersal of
human populations through Africa. Their patchy distribu-
tion and high frequencies in isolated hunter-gatherer
groups, in Ethiopia Jews and in South Africa populations,
may be interpreted as survivorship of some of these ancient
lineages (Underhill ez al., 2000).
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Hg E is the main lineage and accounts for 73% of the chro-
mosomes, and is widespread across the Africa continent.
The distribution of distinctive hg E sub-lineages is not ho-
mogenous in Africa. Network analysis of the STRs associ-
ated with E sub-hgs showed a low degree of geographical
differentiation, suggesting that their present day distribution
is the result of a relatively recent range expansion (Cruciani
et al., 2002).

Hgs G and J are frequently found in Europe and the Middle
East (Rosser et al., 2000). Both these hgs are almost absent
in Africa, but have been rarely detected in some North Afri-
can populations, varying from 1 to 12% (Scozzari et al.,
2001). Their presence in Africa may be associated with
Neolithic expansion from the Middle East (Semino et al,
2000).

Sub-hg R1 (except R1b3 and Rla) is restricted to popula-
tions of the Central-Western region of Africk—it is 26%
(Scozzari et al., 1997; 1999), and is supposed to reveal a
back migration into Africa from Europe.

Asia

There are thought to be two major “out-of-Africa” migra-
tions (Southern and Northern) into Asia: the first one
reached China about 40,000 years ago, but the next one ex-
tended through Western Asia at about the same_time. There
are several hgs that arose after the initial colonisation of
Asia; therefore, their presence reflects post-Palaeolithic mi-
gration events (Zerjal et al., 2002). Wells ez al. (2001) con-
sidered that the Cenfral Asia (CA) was settled first and that
subsequent migrations followed into Europe, Siberia, and
India.

There are important differences between North East Asian
(NEA) and South East Asian (SEA) populations, but at the

' same time, there are closer genetical relationships between
NEA and CA (Karafet er al., 2001).

The most common hg in Asia, with a frequency of 80%, is

' 0, which is predominately recognised in SEA samples as
the only or major hg. In NEA, hg O is not detected as often,
and is rarely found in CA. The most frequent sublineages
are O3 and 02, accordingly at 49% and 23%. In NEA there
are populations (Siberian Evenks, Buryats, and Orogen) in
which O is not characteristic, while hg C dominates
(Karafet et al.,, 2001).

Hg C is widespread in Central and Eastern Asia, but absent
in Western Asia (Bergen et al., 1999). About 2300 years
ago there was a nomadic expansion of Altaic-speaking peo-
ple into CA. As a result of these events, a high level of C
lineage is detected in all Altaic-speaking populations (Zerjal
et al., 2002). Altogether, C accounts for 37% of hg in CA,
' NEA, and SEA populations. In Siberia, C is observed at the
level of 23% of hg (Karafet et al., 2001; 2002). In common
' with Western Asians, most Indian populations possess C at
' a very low frequency (Kivisild et al., 2003).
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Hg R is thought to have originated about 30,000 years ago
(Semino et al., 2000). In CA populations it occurs at a high
frequency (38%), but in NEA regions this lineage is found
at a low frequency (7%). On the other hand, in SEA popula-
tions this hg is not detected or it is observed at low frequen-
cies; however, among Indians, hg R contributes more than
one-third of all samples. R forms 12% of all Siberian Y
chromosomes (Karafet er al, 2001; 2002; Kivisild et al,,
2003).

Hg N is predominately found in Siberian populations and
altogether accounts for 43% of hg (Karafet et al, 2002).
Zerjal et al. (1997) suggested that it may be ~7000 years
old and may have entered Siberia (here the highest level is
found) from Mongolia and Northern China. Overall, Y
chromosomal N representatives are detected at a frequency
of 13% hg in all Asian populations. It is irregularly dis-
persed in SEA regions (7%): in some populations its fre-
quency is high or rather high, but in some populations its
representatives are not found. Among NEA peoples, hg N is
observed at a frequency of 2% to 6%. The highest level of
N3 has been found in Yakuts (94%). Zerjal et al. (1997,
2002) found that the sub-hg N3 is frequent in Buryats, but
is infrequent in Mongolians and Siberian Evenks. N3 is not
found further to the South in China and Korea and in CA
areas N3 is detected at a lower frequency (Karafet er al.,
2001). The second most abundant sub-hg in Siberia, with a
mean frequency of 20%, is N2. This lineage is prevalent
(41%) almost in all North Siberian Uralic-speaking popula-
tions (Karafet et al, 2002).

Hg L occurs at low frequency only among CA inhabiting
Uzbeks and NEA populations (Karafet et al, 2001). It is
more frequent (13%) among Pakistans (Qamar et al., 2002)
and all Indian populations (Kivisild et al.,, 2003).

Hg D is widespread only in the Tibetian population (50%)
and it is also detected at a moderate level in Chinese popu-
lations. Hg E is restricted to the Caucasus area at a rela-
tively high frequency of 14% (Zerjal et al., 2002) and it is
not detected among other Asian populations (Karafet et al.,
2001).

In total, hg J accounts for 4% of all Asians and 12% of all
Indian Y chromosomes (Kivisild et al., 2003). It is not de-
tected in SEA populations and is found only in some popu-
lations of NEA and in 10% of CA samples (Karafet et al,,
2001). Hg J is very frequent also in the Middle East popula-
tions and in Caucasus populations (Hammer et al, 2001).
The frequency of J decreases eastwards, and in Mongolians
the frequency of this lineage reaches only 3% (Zerjal et al.,
2002).

Hg H is observed in CA populations—Kazakhs (13%) and
Uzbeks (6%) (Karafet et al., 2001) and it is widespread in
Indians (Kivisild ez al., 2003).

Hg Q quite often occurs in Siberia with an average fre-
quency of 19%. This hg is mainly detected in the Northwest
and Northeast area of Siberia, but in Central Siberia it has
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of been observed. The archaeological and Y-SNP analyses

sguggest that the Altai mountain area was the first region of

* . Siberia to be settled by anatomically modern people, carry-

g cluster P (including hgs Q and R) and then these first

Biberians moved eastwards and later into the Americas
arafet e al., 2002).

ymmary, there has been a major admixture from Middle
&t populations, with high level of admixture in the Cauca-
% and in westernmost CA populations, with decreasing
" >levels to the east. Overall, in CA an east-west clinal pattern
£ = of variation is observed (Zerjal et al., 2002). Comparing In-
& dians with Europeans and Middle East populations (Semino
41, 2000), all of these populations share J2, R1b, and
in. The exact area of origin of these sub-hgs is still uncer-
n'(Kivisild er al., 2003).

-

- Until recently, it was only known that America was first
~ settled from Asia by people who migrated across Beringia;
there was no clear evidence about the pattern of migration,
its timing, and the place of origin in Asia of these people
(Zegura et al., 2004). In 1986, Greenberg with colleagues
divided all Native American populations into three large
- groups: Amerind (in Central Anmerica), the Na-Dene (in the
North-western part of the North America), and Aleut-
¢ Eskimo (in circum-Arctic region) (cit. Karafet et al., 1999).
. Karafet et al. (1999) and Lell et al. (2002) proposed that the
© settlement of the American continent occurred in two major
waves of mi grhtion, from Northern Asia. The first migration
gupposedly introduced sub-hg Q3 from_Central Siberia into
the Americas, expanding southwards to South America. The
gecond migration wave is supposed to have originated in
- ‘Bastern Siberia and reached only North and Central Amer-
+ iea, carrying hg C. ’

A more feasible and well-grounded opinion was raised by
Zegura et al. (2004): Americas were settled in a single-
migration about 20,000 years ago, the primary process was
by an interaction of genetic drift and gene flow on Beringia.
The three major hgs in 18 Native American populations are
= Q (76%), R (13%), and C (6%). The diversity of hgs differs
in various populations ranging from one in monomorphic
)-,‘.'l Amerind populations (sub-hg C) to 11 lineages in polymor-
. phic Amerind population.

Hg R (13%) is the second most frequent lineage among all
ative American population groups (R1b 13% and Rla
'0.4%). Among several Amerind populations, hg R is found
" in approximately 44-50% of all Y chromosomes. The com-
% bination of SNP and STR data of hg R1b with phylogeo-
Eruphical information exhibit extensive sharing of STRs
lotypes between Europeans and Native Americans
‘Bosch et al., 2003). It is suggested that R is a result of “the
post-1492” European admixture. Therefore, it is proposed
yat there are only two specific founder haplogroups in
Americas—Q3 and C3.

Proe, Lawvian Acad. Sci., Section B, Vol. 59 (2005), No. 3/4.

The most frequent sub-hg Q3 has been observed throughout
all Native American populations and it is predominant with
a mean frequency of 76%. In several Amerind populations
this lineage is the only detected one. The ancestral STR
haplotype of the Native American lineage Q3 is also de-
tected in Asian Y chromosomes.

After Zegura ef al. (2004), sub-hg C3 occurs at a low fre-
quency (6%) in Native Americans and its distribution is
patchy, but is not detected in Aleut-Eskimo populations.

C3 and Q3 are present at moderate high frequencies in sam-
ples from the Southern Altai region (accordingly, 17% and
22%). The Altai Mountain area is the principle geographical
source of founding Native American Y chromosome linea-
ges.- This initial population has borne both lineages with
unequal frequencies, and these differences have been in-
creased during the time by intra- and inter-generational ge-
netic drift (Zegura et al., 2004). These conclusions are in
agreement with mtDNA studies concerning a migration
source from Asia to Americas (Templeton, 2002).

Europe

Europe is one of the most studied regions in the world,
where strong geographical differentiation and a clear clinal
pattern of paternal lineage is observed. Relatively short ge-
netic distances between individual populations are charac-
teristic for Europe. Populations of Europe are related pri-
marily on the basis of geography, rather than on the basis of
linguistic affinity (Rosser et al., 2000).

Anatomically modern humans from the Near East settled in
this part of the world about 35,000 to 40,000 years ago dur-
ing the Palaeolithic period (Mellars, 1992). Another group
of hunters-gatherers came from North Africa, but occupied
only a small part of south-western part of Europe (Otte,
2000). The second large migration was due to the develop-
ment of agriculture in the Near East about 10,000 years ago
and the expansion of these societies into Europe during the
Neolithic period. Both Palaeolithic and Neolithic migrations
expanded approximately along the same routes and contrib-
uted to the modern European gene pool (Ammerman and
Cavalli-Sforza, 1984). Hg I and sub-hg R1 are thought to be
present in Europe since Palaeolithic times, but other linea-
ges entered later during independent migrations from the
Middle East and the Ural region (Hammer et al., 1997; Zer-
jal et al., 1997; Underhill ez al., 2000).

Hg R is characteristic for approximately 50% of all Europe-
ans, but in Western, Southem and Central Europe it ac-
counts for more than of 50% of all Y chromosomes.

The sub-hg R1b frequency decreases from west to east, and
is the most frequent in Western (65%), Southern Europe
(39%), and Central Europe (34%) (Table 1). Indo-
European-speaking populations of the Scandinavia region
possess R1b as the second most frequently detected lineage
after I (Passarino et al., 2002; Sanchez et al, 2003; Tam-
bets et al., 2004). However, in Scandinavian Finno-Ugric-
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Table 1
FREQUENCIES (%) OF SELECTED Y CHROMOSOMAL HAPLOGROUPS/SUBHAPLOGROUPS IN EUROPEAN POPULATIONS

Region. Language | Sample Frequency of haplogroup, % REFERENCES
Population family size 1 R1b Rla N3 N2 E l 1 others

Finns U-FU 38 " 282 0.0 7.6 64.1 0.0 0.0 0.0 0.1 Zerjal et al., 2001

Swedes IE-G 141 48.2 22.0 18.4 2.8 0.0 ? ? 8.6  Tambets et al, 2004

Norwegians IE-G 72 40.3 27.8 23.6 6.9 0.0 0.0 0.0 1.4 Passarino et al., 2002

Uralic: ‘

Maris U-FU 111 8.1 27 47.7 31.5 9.9 ? ? 0.1 Semino et al., 2000;
Tambets et al., 2004

Udmurts U-FU 87 1.1 23 10.3 56.3 28.7 ? ? 1.3 Tambets e? al, 2004

Chuvashes - A-T 79 114 3.8 31.6 17.7 _10.1 ? ? 25.4 _ Tambets et al., 2004

Baltic States:

Estonians U-FU 209 18.2 9.1 335 306 0.0 ? ? 8.6 Tambets er al., 2004

Lithuanians IE-B 196 10.2 5.1 44.9 36.7 0.0 2.6 0.0 05 Kasperaviciute et al.,

2004

East Europe:

Poles IE-S 55 23.6 164 56.4 0.0 0.0 3.6 0.0 0.0  Semino et al, 2000

East-Russians 1IE-S 61 13.1 213 42.6 8.2 8.2 ? ? 6.6 Karafet et al., 2002

Central Europe:

Germans 1E-G 46 375 50.0 6.2 0.0 0.0 6.2 0.0 0.1 Semino et al., 2000;
Rosser et al., 2000

Czechs 1E-S 53 18.9 18.9 37.7 0.0 5.7 1.5 11.3 0.0 Rosser er al, 2000

West Enrope: o

French IE-R 23 174 52.2 0.0 0.0 0.0 8.7 13.0 8.7  Semino et al., 2000

Belgians 1IE-G . 92 23.0 63.0 4.0 0.0 0.0 2.0 5.0 3.0  Rosser et al, 2000

Greeks IE-H 76 7.9 27.6 11.8 0.0 0.0 23.7 21.0 8.0  Semino ef al., 2000

Spanish IE-R 126 13.0 68.0 2.0 0.0 0.0 10.0 30 . 4.0 Rosser et al., 2000

U-FU, Uralic Finno-Ugric; IE-G, Indo-European Germanic; IE-B, Indo-European Baltic; IE-S, Indo-European Slavic; IE-R, Indo-European Romanic; IE-H,
‘ Indo-European Hellenic; A-T, Altaic-Turkic; ? this marker has not been investigated.

speaking populations, R1b has not been observed or has
1 been found in a very low density (Raitio et al., 2001; Wells
et al., 2001; Zerjal et al, 2001), as well as in the Volga-
Uralic region (6%) and in the Baltic States (8%).

Sub-hg Rla has a contrasting distribution as R1b; it is
rather frequently distributed in central and eastern popula-
tions, where R1b is rarely detected (Rosser et al, 2000;
Semino et al., 2000). R1a in Scandinavian Indo-European-
speaking populations occurs at an average frequency of
19% (Passarino et al., 2002; Sanchez et al, 2003; Tambets
et al., 2004). In Finno-Ugric-speaking Saami and Finns Rla
is relatively rare, in 8% (Wells et al, 2001; Zerjal et al,
2001). R1a occurs only at an average frequency of 2% in
Western Europe.

Hg N in Europe is present at a frequency of 26%. This line-

age is virtually absent or found at an insignificantly low fre- @l @R1b ER1a &N3 Bothers

Quency among Fk:ntral, WeSt?m’ and Southern Europt.:an Fig. 3. Y chromosomal lineages distribution in the Baltic States. Diagram

populations, which all are mainly Indo-European-speaking is constructed basing on the data from Tambets et al. (2004) and
| | - . . - . . . .

nations. The N derivative lineage N3 is found at a high den- Kasperaviciute et al. (2004) shown in Table 1.
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. gity among Baltic State populations (36%), Scandinavians
- {25%), and Volga-Uralic populations (31%). The first study
~on the Y chromosomal sub-hg N3 was by Zerjal er al
- (1997), who found that the spread of this lineage was
ainly related to two language families: Altaic (Buryats,
akuts) and the Finno-Ugric branch of the Uralic (Saamis,
inns, Estonians). N3 is about 4,000 years old and marks a
gecent Uralic migration confined to Northern Europe. The
ub-hg N3 is absent or detected at low frequencies in
‘Slavic-speaking populations. N3 is found at very high fre-
». quencies among Finno-Ugric-speaking Finns and Saami
. and Udmurts and Mari populations living in the Volga-
. Uralic region. However, sub-hg N3 is common among
: Indo-European-speaking Baltic region populations (Tam-
. bets et al, 2001).

The N2 branch of the Y-chromosomal tree is exclusively re-
stricted to the Volga-Uralic region with an average fre-
quency of 13%, with the highest distribution among Ud-
murts (Tambets e al., 2004). N2 has also been observed
among (wo Slavic populations—Czechs and East-Russians
(Rosser et al., 2000; Karafet et al., 2002).

Hg I is the only major lineage of the Y phylogeny that is
widespread over Europe (22%), but virtually absent else-
where, except Siberia (Rootsi ef al., 2004). It is guessed to
be a putative Palaeolithic polymorphism, which originated
in Europe about 22,000 years ago in descendants of men
that arrived from Middle East (Semino ez al., 2000). Hg 1
reaches a 40%—50% frequency in the Scandinavian Indo-
Buropeans-speaking populations (Semino ef al., 2000; Ba-
rac et al., 2003). Hg I is not as common in the Baltic States
(12%) and Volga-Uralic region populations (10%). Signifi-
. cant frequency changes over short geographical distances
- occur between the Southern Slavic-speaking populations
.. and their neighbours: the Slovenians versus the Italians
..'(38% and 5%) and Macedonians versus Greeks (30% and
. 14%) (Rootsi et al., 2004).

Hgs E, G and J represent the male contribution of demic
diffusion of farmers from Middle East to Europe. Lineage E
‘necounts for 13% of hg among South European popula-
ons, especially among the Mediterranean area inhabiting
- pations—Italians and Greeks. In the same two populations a
iigh diversity of hg J is found (Rosser et al, 2000; Semino
gt al., 2000). In other parts of Europe these lineages occur
: ot as high significant frequencies.

he paternal phylogeny of the Baltic States

he first studies of Y chromosomal markers in the Latvian
opulation were conducted by Zerjal et al. (1997). In their
gstigations of the genetic structure of Latvians they used
biallelic markers and five STRs. However, the sample
e of Latvians did not exceed 50 and geographical sources
gamples were not identified. Later Lessig et al. (2001)
tidied the diversity of nine STRs in Latvians, but they did
-tnake any conclusions on correlation and distribution of
Ps and STRs. Furthermore, Laitinen and co-authors

po, Latvian Acad. Sci., Section B, Vol. 59 (2005), No. 3/4.

(2002) studied five biallelic markers and have used a wide
set of DNA samples. Tambets et al. (2004) studied Latvi-
ans, using 16 biallelic markers, but did not include STRs in
the Y chromosomal analyses.

Some of these studies revealed that Latvians are very simi-
lar to other two Baltic region populations—Estonians and
Lithuanians (Zerjal et al., 1997). However, STR haplotype
analysis showed significant differences between Indo-
European-speaking Latvians, Lithuanians and Finno-
Ugric-speaking Estonians, but there were no significant dis-
similarities found between both of the Balt populations
(Latvians and Lithuanians). Perhaps, these two population
groups (Finno-Ugric Estonians and Indo-European Balts)
have had a distinctive demographic history or thére may
have been an isolation period and genetic drift after the
population split (Lessig et al., 2001; Kasperaviciute et al.,
2004). Laitinen ez al. (2002) found that the Indo-European-
speaking Latvians and Lithuanians are genetically very
similar to the Finno-Ugric-speaking Estonians and Mari
population, and suggested that they could have originated
from the same Finno-Ugric-speaking founder population.

Two main paternal lineages of the Baltic region populations
are N3 and Rla (Estonians 64%, Latvians 81%, Lithuani-
ans 82%) (Figure 3) and they are defined by unique-event
binary polymorphisms, the spread of which is assumed to
be unaffected by selection and considered to be the result of
male migration, influenced by local processes—gene flow,
genetic drift, and founder effect (Kasperaviciute et al,
2004).

A sharp cline of N3 frequencies was observed between
Lithuanians and Poles (Kasperaviciute et al., 2004; Tambets
et al., 2004). This may be explained by the Comb Ware
culture carriers (thought to be proto-Finno-Ugrians) who
about 9,000 to 5,500 years ago inhabited the area of
present-day Latvia and Lithuania, but not the region of Po-
land (Tambets et al., 2001).

Zerjal et al. (2001) found a genetic boundary between Balt
(Latvians and Lithuanians) and Finno-Ugric (Estonians)
populations: differences in N3 regarding the DYS19 allele
frequencies. This has been interpreted as a result of two dif-
ferent early migrations of the people carrying N3 from Asia
to Europe. Kasperaviciute et al. (2004) detected lower gene
diversity among N3 chromosomes in Latvians and Lithuani-
ans than in Estonians. Latvians and Lithuanians are distinc-
tive from Estonians in DYS19 alleles; 15 repeats at this
STR are detected predominantly in 94% of Lithuanians and
88% of Latvians, but found only in 40% of Estonians. In
contrast, among Estonians the 14-repeat haplotype fre-
quently occurs (60%). These differences possibly occurred
due to different source populations or due to a period of iso-
lation and genetic drift after an early migration from Asia
between Lithuanians, Latvians, and Estonians (Kasperavi-
ciute et al., 2004). Similar results were obtained and re-
ported by Lessig et al. (2001).

Sub-hg Rla is found in 39% of all investigated male chro-
mosomes from the Baltic region (Table 1). The STRs asso-
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ciated with Rla have a low diversity in Baltic region popu-
lations due to its recent spread (Zerjal e al, 2001). Rla is
detected in Slavic populations in a higher density, with an
average frequency of 48% (Rosser et al., 2000; Semino et
al., 2000; Karafet et al.,, 2002). The high frequency of Rla
in Baltic region populations may be suggested as an histori-
cal admixture with proto-Slavic populations (Tambets et al.,
2001). A similarly high frequency of Rla is found in the
Finno-Ugric-speaking Mari population (48 %), but in other
Volga-Uralic region populations the density of this lineage
is not as high (Semino ez al., 2000; Tambets et al, 2004).

Sub-hg R1b is not common in Baltic region populations
(8%), but this lineage is more common among Estonians
and Latvians than Lithuanians. This sub-hg is even less fre-
quent in Volga-Uralic region, but in other parts of Europe
its frequency is rather high.

Hg I is relatively frequently dispersed in the Baltic States
territory (12%), but the highest density is observed in Scan-
dinavian populations (37%). In Estonians this lineage
reaches a frequency of 18%, but in Latvians only 7% (Fig-
ure 3). I and R1b lineages have been proposed to have
arisen in Western Europe, while R1la and N3 extended from
the east part of Europe (Rootsi ef al., 2004; Tambets et al.,
2004).

Until recently, there have not been any attempts to carry out
a detailed study on the genetical structure of Latvians from
different ethnolinguistic sub-populations.

CONCLUSIONS '

The Y chromosome is unique in several aspects. It is always
in the haploid state, consists of repeated sequences, but it is
also responsible for important biological roles, such as sex
determination and male fertility. Moreover, the Y is a pow-
erful tool to study human populations and evolutionary
pathways.

Infertility is a major health problem affecting 10~15% of
couples seeking to have children, and Y chromosomal mi-
crodeletions can be identified in about half of these cases.
Therefore, the study of Yq microdeletions will help in the
development of better diagnostic methods and the expan-
sion of the current knowledge of spermatogenesis.

The distribution of the Y chromosome diversity is able to
describe some of the most important human prehistoric
movements, and delineate the composition of modern popu-
lations. In most cases, the portrait of the Y chromosome
phylogeny appears to be continent-specific and has a pat-
tern of geographical distribution quite unlike mtDNA and
autosomes.

Previous studies of the Y chromosome variability have
shown that the large majority of non-European and Euro-
pean Y chromosomal hgs is continent specific with a non-
uniform pattern of their distribution. In the Americas, hgs
Q, R, and C encompass virtually all of the Native American
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variation; in Africa hg E and ancient lineages of hgs A and
B are present; and in Asia hg C represents ~ 40% of Y chro-
mosomes, with other less common hgs (O, N, and R) mak-
ing up most of the remaining Asian lineages. Detailed stud-
ies of Y chromosome diversity are available for Europe,
where a clinal pattern has been found. The most frequent hg
R (excluding Rla), which accounts for 37% of the total
sample, is present in all populations but is concentrated in
the West. Therefore, it is thought that the hg that was intro-
duced by the first Palaeolithic inhabitants. Sub-hg Rla has
an opposite distribution as R1b; it is rather frequent in the
Central and East populations. Other clines in the frequency
of hgs E3b (13%), J (10%), R1a (8%), and N3 (30%), point
to sources to the South, South-West and North-West, re-
spectively. The distribution of hg J fits archaeological data
for the introduction of farming from the South-East, and
sub-hg N3 distribution represents movement of Uralic
speakers from the East. The correlation with E3b and Rla
remains less clear. Hg I (20-50%) is connected with Neo-
lithic dispersals, and is the only clade of the Y phylogeny
that is widespread over Europe, but virtually absent else-
where. Europe shows a remarkable linguistic homogeneity,
with most of the populations speaking languages belonging
to the Indo-European family. Nevertheless, in Northern
Europe strong geographical and cultural barriers can be
identified. Previous studies on the paternal phylogeny of
populations of the Baltic States (Latvia, Lithuania, and Es-
tonia) have provided some information on the genetics of
these populations, but several questions have remained un-
answered. The SNP variation data shows that Latvians are
very similar to other Baltic region populations (Lithuanians
and Estonians) as well as to the Finno-Ugric speaking Mari
population. On the other hand, STRs haplotype analysis has
shown significant differences between Indo-European-
speaking Latvians, Lithuanians and Finno-Ugric-speaking
Estonians. Therefore, future studies need to determine the
relationship between Latvians and the observed phyloge-
netical patterns of the Y chromosome variation in other
populations.

Furthermore, analyses of Latvian phylogeny on the micro-
regional level needs to be performed, using a wide set of bi-
allelic markers and STRs. Analyses of microdeletions in the
AZF region is important to solve medical aspects of the Y
chromosome.
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ROMOSOMA UN TAS LOMA CILVEKA PATOLOGIJAS UN POPULACIIU FILOGENETISKAJOS PETIJUMOS

u populaciju genétiskas daudzveidibas pétijumi lauj labak izprast cilvéces vésturi un Homo sapiens sapiens geografisko izplatibu. Y
psoma ir ipa§i paklauta génu dreifam un ciltstéva efektam, tapéc Y hromosomas lokusu petijumi dod priekSstatu par miisdienu
ficiju izcelsmi, migracijas celiem, daudzveidibu, ka ari Jauj noteikt Y hromosoma notikuSo strukturalo izmaigu korelaciju ar virieSu
glibu. Lai noteiktu Latvijas populacijas Y hromosomas genétisko heterogenitati un salidzinatu to ar citdm Eiropas populacijam, ir
cicSami detalizéti Y hromosomas binaro markieru un iso tandémisko atkartojumu polimorfismu pétijumi. Savukart, lai spriestu par
i dzivojoSo virieSu reproduktivas patologijas korelaciju ar Y hromosoma atklatam mikrodelécijam, nepiecieSama Y hromosomas
fdspermijas faktora rajona analize.
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