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ANNOTATION

Cleft lip with or without cleft palate and isolated cleft palate (CL/CLP/CP) is
one of the most common birth defects worldwide with prevalence of approximately 1 in
700 live births in European populations. Individuals with CL/CLP/CP need
multidisciplinary care from birth to adulthood even after surgical repair. CL/CLP/CP
affects speech, dental development, hearing, appearance and psychology of person. It
has been considered that individuals with this malformation have higher morbidity and
mortality of cardiovascular diseases and cancers if compared to unaffected individuals.
Despite possibility of surgical repair, this defect remains important health and social
problem in nowadays.

Formation of orofacial clefts is a result between interaction of environmental
and genetic factors. Recent estimates suggest that 2-14 genes could be involved in the
formation of CL/CLP/CP. In present study we performed case-control analysis and
family based association test in CL/CLP and CP patients, their parents and control
group. Identification of possible candidate genes involved in the etiology of non-
syndromic cleft lip with or without cleft palate and isolated cleft palate in Latvian
population was the objective of the present study. Our results showed very strong
association between FGFRI1, WNT3, SKI, BMP4 and IRF6 genes and non-syndromic
CL/CLP and CP and possible interaction between 19q13 locus and non-syndromic
CL/CLP, which continue to support the involvement of these genes in the development
of non-syndromic clefts in Caucasians.

Results of this study is step further of understanding of this complex

malformation and estimating the impact of genes involved in the etiology of non-

syndromic cleft lip with or without cleft palate and isolated cleft palate.




ANOTACIJA

Lipas Skeltne ar/bez aukslgju Skeltnes un izoléta aukslgju Skeltne
(L§/L§+A§/A§) ir viens no visbieZzak sastopamajiem iedzimtajiem defektiem visa
pasaulg, ar prevalenci Eiropas populacija aptuveni 1 no 700 jaundzimu$ajiem. Indivi-
diem ar LS/LS+AS/AS nepiecie$ama multidisciplinara apriipe visa dzives laika, ari péc
kirurgiskas operacijas. Lipas Skeltne ar/bez auksl&ju Skeltnes un izoleta auksl€ju keltne
ir saistita ne tikai ar personas runas, dzirdes trauc&umiem, zobu attistibas, bet arl ar
izskata un psihologiskam problémam. Tiek uzskatits, ka individiem ar LS/LS+AS/AS, ir
paaugstindts sirds-asinsvadu slimibu un audzgju saslimstibas un mirstibas risks,
salidzinot ar veseliem individiem. Neskatoties uz iesp&ju kirurgiski labot So defektu,
miisdiends LS/LS+AS/AS ir kluvusi par vienu no svarigam sabiedribas veselibas
problémam visa pasaule.

LS/LS+AS/AS veidojas, mijiedarbojoties ar&jas vides faktoriem un genétis-
kajiem faktoriem. P&dgjie p&tijumi liecina, ka aptuveni 2-14 géni var€tu biit iesaistiti
nesindromalo LS/LS+AS/AS veidogana. Saja pétijuma tika veikta gadfjuma-kontroles
analize un gimenes asociacijas tests, lai identific€tu iesp&amos kandidatgénus, kuri
varétu bt iesaistiti nesindromalo liipas Skeltnes ar/bez auksl&ju Skeltnes un izolétas
auksl&ju Skeltnes attistiba Latvijas populacija.

Misu pétijuma iegiltie rezultati atklaj loti augstu saistibu starp FGFRI, WNT3,
SKI, BMP4 un IRF6 géniem un nesindromalajam LS/LS+AS un AS, ka ar norada uz
iespgjamo saistibu starp 19q13 lokusu un nesindromalajam LS/LS+AS. Sie rezultati
turpina apstiprinat minéto génu nozimi nesindromalo ltipas ar/bez auksl&ju Skeltgu un
izol&€tas auksl&ju Skeltnes attistiba eiropieSiem.

Sis ir pirmais tik liela meéroga pétijums, kas ir veltits nesindromalo
LS/LS+AS/AS kandidatgénu analizei Latvija. Petijuma iegitie rezultati ir véra nemams

ieguldijums 3Ts sareZgitas patologijas izpratné un iespgjamo génu ietekmes izverte§ana

slimibas izraisi$ana.
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ABBREVIATION
ADHI1C - alcohol dehydrogenase 1C (class I), gamma polypeptide
APEX-2 - Arrayed primer extension reaction-2
APOC2 - apolipoprotein C-I
BCL3 - B-cell CLL/lymphoma 3
BMP2 - bone morphogenetic protein 2
BMP4 - bone morphogenetic protein 4
camp - cathelicidin antimicrobial peptide
CDHI1 - cadherin 1, type 1, E-cadherin (epithelial)
CEU - U.S. residents (Utah) with northern and western European ancestry
CI - confidence interval

CL - cleft lip

CL/CLP - cleft lip and cleft lip with cleft palate
CL/CLP/CP - cleft lip with or without cleft palate
CP - cleft palate

CLP - cleft lip with cleft palate

CLPTM1 - cleft lip and palate associated transmembrane protein 1
COL11A1 - collagen, type XI, alpha 1

COL11A2 - collagen, type XI, alpha 2

COL2A1 - collagen, type II, alpha 1

COL9A1 - collagen, type IX, alpha 1

COL9A2 - collagen, type IX, alpha 2

DMSO - Dimethyl sulfoxide

DNA - Deoxyribonucleic acid

dNTP - Deoxynucleotide Triphosphate

DZ - dizygotic twins

EDNI1 - endothelin 1

EDTA - Ethylenediaminetetraacetic acid

EMT - epithelial-mesenchymal transformation
FGF1 - fibroblast growth factor 1 (acidic)
FGF10 - fibroblast growth factor 10

FGF16 - fibroblast growth factor 16
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FGF2 - fibroblast growth factor 2

FGF23 - fibroblast growth factor 23

FGFR1 - fibroblast growth factor receptor 1

FGFR4 - fibroblast growth factor receptor 4

FN1 - fibronectin 1

FOXE1 - forkhead box El1 (thyroid transcription factor 2)
GLI2 - GLI family zinc finger 2

GSTT1 - glutathione S-transferase theta 1

HWE - Hardy Weinberg equilibrium

THH - isolated hypogonadotropic hypogonadism
IRF6 - interferon regulatory factor 6

JAG2 - jagged 2

LHX8 - LIM homeobox 8

MAF - minor allele frequency

MALDI-TOF - Matrix-assisted laser desorption/ionization-time-of-flight
MFT - multifactorial treshold model

MgCl, - magnesium chloride

MMP13 - matrix metallopeptidase 13 (collagenase 3)
MMP2 - matrix metallopeptidase 2 (gelatinase A, 72kDa gelatinase, 72kDa type
IV collagenase)

MMP25 - matrix metallopeptidase 25

MMP3 - matrix metallopeptidase 3 (stromelysin 1, progelatinase)

MMP9 - matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type
IV collagenase)

MSX1 - msh homeobox 1

MSX2 - msh homeobox 2

MTHFR - methylenetetrahydrofolate reductase (NAD(P)H)

MZ - monozygotic twins

NaCl - sodium chloride

NaOH - sodium hydroxide

NE buffer - elution buffer

NOS3 - nitric oxide synthase 3 (endothelial cell)

NT1 buffer - binding buffer




NT3 buffer
NUDT6
OR
OSMED
PCR

PVR
PVRLI1
PVRL2
RARA

washing buffer

nudix (nucleoside diphosphate linked moiety X)-type motif 6
odds ratio

otospondylomegaepiphyseal dysplasia

polymerase chain reaction

poliovirus receptor

poliovirus receptor-related 1 (herpesvirus entry mediator C)
poliovirus receptor-related 2 (herpesvirus entry mediator B)

retinoic acid receptor, alpha

RBC Lysis Al solution

SAP
SATB2
SDS

SKI
SLS-1
SMAD2
SMAD3
SMAD4
SNP
SPRY2
SYN3
TBX10
TBX22
TDT

TE buffer
TGFA
TGFB3
TIMP1
TIMP2
TIMP3
Tris-HC1
WBI1 buffer
WB?2 buffer

Shrimp Alkaline Phosphatase
SATB homeobox 2

Sodium dodecyl sulfate

v-ski sarcoma viral oncogene homolog (avian)
saliva lysis solution

SMAD family member 2

SMAD family member 3

SMAD family member 4

single nucleotide polymorphism
sprouty homolog 2 (Drosophila)
synapsin III

T-box 10

T-box 22

transmission disequilibrium test
Tris-EDTA buffer

transforming growth factor, alpha
transforming growth factor, beta 3
TIMP metallopeptidase inhibitor 1
TIMP metallopeptidase inhibitor 2
TIMP metallopeptidase inhibitor 3
tris(hydroxymethyl)aminomethane
washing buffer 1

washing buffer 2
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EB buffer - elution buffer

WHO - world health organization

WNT3 - wingless-type MMTYV integration site family, member 3
WNT9B - wingless-type MMTYV integration site family, member 9B
WZS - Weissenbach-Zweymuller syndrome




INTRODUCTION

Cleft lip with or without cleft palate and isolated cleft palate (CL/CLP/CP) is a
congenital malformation that affects the upper lip, alveolar ridge, tooth eruption, and
palate fusion to different degrees. Lip and palate formation is the consequence of
several processes that involve cell proliferation, cell differentiation, cell adhesion, and
apoptosis. Failure anywhere in these processes can lead to clefts. CL/CLP/CP is one of
the most common malformations among newborns (Mooney and Siegel, 2002). Cleft
palate (CP) and cleft lip and cleft lip with cleft palate (CL/CLP) are considered
etiologically distinct entities, which could be explained by the fact that the lip and palate
develop at different embryonic stages (Murray, 2002). The estimated prevalence in the
world ranges from 1/300 to 1/2 500 births for CL/CLP and around 1/500 birth for cleft
palate only and it varies depending on geographical region and different ethnicities
(Stanier and Moore, 2004).

The etiology of non-syndromic CL/CLP/CP is determined by multiple,
interacting genetic and environmental factors. Twenty percent of the CL/CLP/CP
patients in different populations have a family history of CL/CLP/CP and twin studies
showed that proband concordance rate for CL/CLP/CP was 60% in monozygotic (MZ)
twins and 10% in dizygotic (DZ) twins, indicating that genetic factors play an important
role in the etiology of this birth defect (Murray, 2002). Many genes are considered as
susceptibility loci for non-syndromic CL/CLP/CP based on linkage and association
studies in different populations. Influence of environmental factors and its interaction
with genes involved in embryogenesis also plays a significant role in the CL/CLP/CP
development (Stanier and Moore, 2004).

In approximately 30% of the cases CL/CLP/CP is caused by known monogenic
syndromes or chromosomal aberrations, and non-syndromic CL/CLP/CP is a complex
disease with many contributing genetic factors (Schutte and Murray, 1999). Recent
estimates suggest that 2-14 genes could be involved in the formation of CL/CLP/CP
(Scliekelman and Slatkin, 2002).

The identification of susceptibility genes for CL/CLP/CP has been the subject of
extensive research. To localize candidate genes and loci of non-syndromic clefts,
several genome-wide linkage screens, genome-wide association studies and fine
mapping have been published. Recent studies have discovered and confirmed regions

such as 1p21-p31, 1932, 2p13, 3q27-28, 4q21-q26, 8q24, 9921, 10g25.3, 12pll,
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14g21-24, 16924 and 17q22 (Marazita et al., 2004, Riley et al., 2007a, Marazita et al.,
2009, Birnbaum et al., 2009, Mangold et al., 2009, 2010). However, despite of the many
candidate genes investigated, only the JRF6 gene has shown a convincing degree of
consistency across studies and was considered to be responsible for 12%-18% of non-
syndromic CL/CLP/CP cases (Zucchero et al., 2004). These results were replicated in
different populations, confirming the role of the /RF6 gene in CL/CLP/CP formation in
different ethnic groups (Marazita et al., 2009). Mutation screening of more than 20 non-
syndromic clefts candidate genes showed that only 2%-6% of all screened individuals
have mutations in genes including FOXE1, GLI2, JAG2, LHXS8, MSX1, MSX2, SATB2,
SKI, SPRY2, TBX10 (Vieira et al., 2005; Jezewski et al., 2003). The recent data suggest
that the FGF signaling pathway may contribute to about 3%-5% of non-syndromic
CL/CLP/CP cases (Riley et al., 2007b). However other genes studied, such as 7GFA4,
BCL3, PVR, and PVRL2 showed conflicting results in genetically diverse populations
(Carreno et al., 2002, Pezzetti et al., 2007, Martinelli et al., 1998, Fujita et al., 2004).

Experiments with knockout animal models were conducted to search for new
candidate genes for CL/CLP/CP. Few studies with chicks and mice identified specific
roles for several major signalling pathways, including Fgf signalling pathways in
midfacial morphogenesis and upper lip development (Trumpp et al., 1999). Genetic
studies of mice identified two Wnt genes involved in midfacial morphogenesis and CLP
development, WNT3 and WNT9B (Juriloff et al., 2001, 2004, 2005, Brugmann et al.,
2007).

There is an evidence of marginally increased death rate from cardiovascular
disease and cancer in CL/CLP/CP patients. Individuals with non-syndromic
CL/CLP/CP have increased death rate from epilepsy, prematurity, pneumonia,
aspiration, asphyxia, sepsis and suicide (Christensen et al., 2004).

In nowadays, surgery can repair this defect, but despite this, orofacial clefts have
lifelong implications for those affected and their families. That is why there is a
necessity for a better understanding of the etiology and the mechanism of cleft
formation. Discovering genetic factors involved in the development of CL/CLP/CP will
improve the counselling of families at increased risk and will help to predict risk to have
an affected offspring. In future identifying environmental factors and its interaction with

genetic factors will improve therapy of CL/CLP/CP or even help for prevention.

11

i1 ll‘llll_



|

Aim of the study
The main objective of the study was identification of candidate genes involved

in the etiology of non-syndromic cleft lip with or without cleft palate and isolated cleft

palate.

Tasks of the study
Fulfillment of the aim required the following tasks:

1. To decide on candidate gene selection in search for significant relationships with
non-syndromic cleft lip with or without cleft palate and isolated cleft palate and
select genetic markers for further genotyping within the study.

2. To perform case-control association analysis for selected genes to find if genetic
variations are assocated with non-syndromic CL/CLP and CP.

3. To perform case-control haplotype analysis for selected genes to find haplotypes
with risk or protective effect in the development of non-syndromic CL/CLP and
CP, compared to controls.

4. To carry out family-based association analysis for BCL3, PVRL2, PVR,
CLPTM]I, IRF6 and BMP4 genes in order to identify transmission distortions.

5. To perform genetic analysis for BCL3 gene five markers (rs7257231,
rs10401176, rs8103315, rs1979377 and rs2927456) for Brazilian non-syndromic

cleft with or without cleft palate and isolated cleft palate cases and controls.

Hypothesis of the study
1. Diverse genes and genetic markers are involved in the etiology of non-
syndromic cleft lip with or without cleft palate and isolated cleft palate in

Latvian population compared to another European origin population.

Scientific novelty of the study

This study is the first study regarding identification of possible candidate genes
involved in development of non-syndromic cleft lip with or without cleft palate and
isolated cleft palate in Latvian population. Novel finding was SKI, WNT3, BMP4, IRF6
and FGFRI genes role in the development of non-syndromic CL/CLP/CP in Latvian
population and obtained results can be used for further studies to identify interaction

between genes and environmental factors.
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Elaboration of the study
The present study was carried out in the Latvian Biomedical Research and Study

Center, Riga, Latvia and Scientific Laboratory of Molecular Genetics, Riga Stradins
University, Riga, Latvia in collaboration with University of Pittsburgh, Pittsburgh, USA
and University of Tartu, Tartu, Estonia during year 2005-2011.

The Central Medical Ethics Committee of Latvia approved the present study.

The financial support of the study

1. Taiwan-Baltic joint research project No. NSC92-2320-B-075-018. “Identifi-
cation of genes involved in craniofacial morphogenesis and susceptibility to
orofacial clefting in a human genome scan”.

2. Latvian Science Council grant No. 06.2021 “Non-syndromic orofacial clefts
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Author’s contributions

CL/CLP/CP carriers and their parents were recruited from the Riga Cleft Lip
and Palate Centre, Institute of Stomatology, Riga Stradin§ University. Control group
was used from Genome Database of Latvian Population and DNA collection of
Scientific Laboratory of Molecular Genetics, Riga Stradin§ University. DNA was
extracted at the Scientific Laboratory of Molecular Genetics, Riga Stradig$ University
and Latvian Biomedical Research and Study Centre.

The author performed COL11A41, SKI, LHXS, IRF6, MTHFR, TGFA, FNI,
MSXI1, FGF2, NUDT6, FGF1, MSX2, COL1142, EDNI, FGFRI, FOXEI, TBXI0,
MMP3, MMPI13, PVRL1, COL241, SPRY2, BMP4, TGFB3, JAG2, MMP25, MMP2,
CDHI, RARA, WNT3, WNT9B, TIMP2, SMAD2, SMAD4, BCL3, PVRL2, PVR,
CLPTMI1, APOC2, BMP2, MMP9, TIMP3, SYN3, TBX22 and TIMP1 genes genotyping.

All data statistical analysis was performed by the author of this thesis.

13

lllllillll—




Outline of the thesis
The thesis is composed on 166 pages in English, following classical scheme,

structured in ten chapters: Introduction, Review of literature, Subjects and Methods,
Results, Discussion, Conclusions, Publications, Acknowledgements, References and
Appendixes. Text of thesis is supplemented by 3 figures, 50 tables and 12 appendixes.

Reference list consist of 139 cited references.
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1. REVIEW OF LITERATURE

1.1. Classification of lip, alveolar ridge and palate clefts

The most common classification is dividing deformity into cleft lip, cleft lip with
cleft palate and isolated cleft palate. Cleft lip can be divided into unilateral and bilateral
cleft lip. In the unilateral cleft lip case nasolabial and bilabial muscle rings are disrupted
on one side, and it is resulting in asymmetrical deformity involving external nasal
cartilage, nasal septum and maxilla. Unilateral clefts can be divided into left and right
side clefts. Bilateral cleft lip means that two muscular rings are disrupted on both sides
and it is resulting in symmetrical deformity. Cleft palate can be classified as incomplete
and complete. Incomplete cleft means when the cleft of the hard palate remains attached
to the nasal septum and vomer, but in the complete cleft case the nasal septum and the
vomer are completely seperated from the palatine process (http://www.who.int) (see

Figure 1).

Figure 1. Classification of cleft lip with or without cleft palate and isolated cleft palate

A - Cleft lip and alveolus. B - Cleft palate. C - Incomplete unilateral cleft lip and palate. D -
Complete unilateral cleft lip and palate. E - Complete bilateral cleft lip and palate.
Adapted from Mossey et al., 2009; Shaw W.C. Orthodontics and occlusal management. Oxford:
Butterworth-Heinemann, 1993.

Recenty used is LAHSHAL (L - lip, A - alveolus, H - hard palate, S - soft palate,
H - hard palate, A - alveolus, L - lip) classification (Kriens, 1987), which describes site,
size, extent and type of cleft. List of LAHSHAL codes are shown in Appendix 1.

All orofacial clefts can be divided into syndromal and non-syndromal forms.
Chromosomal aberrations, more than 600 different recognizable monogenic syndromes
(www.ncbi.nlm.nih.gov/omim/), teratogen-induced disorders and also unrecognized
syndromes form syndromic type of CL/CLP/CP (Schutte and Murray, 1999;
Christensen, 2004, Dixon et al., 2011).
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The term “non-syndromic” is restricted to CL/CLP/CP where the afftected
individuals have no other physical or developmental anomalies, no recognized maternal
environmental exposures, no chromosomal aberrations and monogenic condition
(Murray, 1995).

Currently most studies suggest that in human, approximately 70% of all cases of
CL/CLP/CP and 50% of isolated cleft palate cases are considered to be non-syndromic
(Jones, 1988; FitzPatrik and Farrall, 1993; Marazita 2002).

Cleft lip and cleft lip with cleft palate are categorized together because these two
phenotypes are thought to have the same genetic etiology, whereas isolated cleft palate
have different genetic background (Harville, 2005). Despite this recent studies have
found evidence that cleft lip and cleft lip with cleft palate might be separate entities with
different etiology and pathogenesis (Jugessur et al., 2011).

1.2. Epidemiology of cleft lip with or without cleft palate
and isolated cleft palate

CL/CLP/CP affects approximately 1/700 of live borns, with wide variability
across racial and ethnic groups. Environmental exposure and socioeconomic status also
influence prevalence of CL/CLP/CP. In general, Asian and native American populations
have the highest birth prevalence rates for CL/CLP/CP, often as high as 1/500,
European-ancestry populations have intermediate prevalence rates at about 1/1000, and
African-ancestry populations have the lowest prevalence rates at about 1/2500 of live
births. These observations are suggestive of relative individual contribution
susceptibility genes, which may vary between different populations (Mossey, 2009).
CL/CLP/CP prevalence in Latvia and Lithuania is ~ 1/700 and, according to personal
communication, similar in Estonia (Akota et al., 2001; Morkuniene et al., 2007). Figure

2 shows birth prevalence of non-syndromic cleft lip with or without cleft palate and

isolated cleft palate in Europe.
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Figure 2. Birth prevalence per 1000 live births of non-syndromic cleft lip with or without
cleft palate and isolated cleft palate in Europe
A - Cleft lip and cleft lip with cleft palate (CL/CLP). B - Cleft palate only (CP).
Adapted from Mossey et al., 2009 and http://www.eurocran.org.

The prevalence of CL/CLP/CP also differs by sex and laterality. There is a 2:1
male to female ratio of CL/CLP patients and approximately a 1:2 male to female ratio of

CP patients. There is a 2:1 ratio of left side clefts prevalence among CL/CLP cases
(Dixon et al., 2011).

1.3. Craniofacial development

Lip and palate formations are the consequence of several processes that involve
cell proliferation, cell differentiation, cell adhesion, and apoptosis. Impairment in any of
these processes can lead to CL/CLP/CP. Genetic variations interacting with
environmental factors, convergence and fusion of the facial and palatal processes,
apoptosis, and adequate nutrient supply can alter normal craniofacial development, but

can also contribute to abnormal lip and palate development (Mossey et al., 2009).

1.3.1.Normal upper lip development

Normal development of the human face begins in the fourth week of
embryogenesis, when neural crest cells migrate through mesenchymal tissue into the

developing craniofacial region. These cells participate in formation of the frontonasal
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prominence, two maxillary processes and two mandibular processes (Mossey et al.,
2009, Sperber, 2002). In combination with mesodermal cells they establish the facial
primordia - from the neural crest-derived facial mesenchyme will rise the facial skeleton,
whereas mesoderm-derived cells will form facial muscles (Jiang et al., 2006). Fourth to
fifth week of human embryogenesis, the frontonasal prominence divides into paired
medial and lateral nasal processes (Sperber, 2002), while the manibular process forms
the mandible (Hinrichsen, 1985). Approximately 32 days of gestation, occurs formation
of nasal placodes by thickening of surface ectoderm. The frontonasal process grows and
appears around the nasal placodes, resulting in the formation of nasal pits and the
swelling horseshoe-shaped lateral and medial nasal processes (Hinrichsen, 1985;
Sperber, 2002). By approximately 35 days of gestation, the upper lip consists of the
maxillary processes laterally and the medial nasal processes medially with the lateral
nasal processes wedged in between the medial nasal and maxillary processes. Fusion
between the medial and lateral nasal processes has initiated while maxillary processes lie
below the lateral nasal processes. By approximately 38 days of gestation in human, the
maxillary and medial nasal processes grow rapidly and push the lateral nasal processes
further and bring the distal ends of maxillary and medial nasal processes into direct
contact. By the end of the 6th week of development, merging of the medial nasal
processes with each other and with the maxillary processes on each side leads in

formation of the upper lip (Sperber, 2002).

1.3.2. Normal palate development

Palate development begins during the 5th week of embryogenesis after fusion of
the upper lip and by the end of the 6th week primary palate is formated. Secondary
palate starts to develop during the 6th week with outgrowth from the maxillary processes
of two palatal shelves, which initially grow vertically down the sides of the developing
tongue. During the 7th week of embryogenesis, the palatal shelves rise to a horizontal
position above the tongue and come into contact and fuse. The palatal mesenchyme
differentiates into bony and muscular elements which are correlated with the position of
the hard and soft palate. Afterwards the secondary palate fuses with primary palate and
the nasal septum. Development and fusion of secondary palate is finished by the 10th
week of embryogenesis (Mossey et al., 2009).
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1.3.3. Development of cleft lip with or without cleft palate
and isolated cleft palate

Cleft lip and palate is the result of improper fusion of the processes that form the
face, caused by abnormal morphogenesis of the upper lip and primary palate either by
misguided epithelial movement, disrupted epithelial-mesenchymal transformation
(EMT), or disrupted apoptosis (Jiang et al., 2006). Failure of these mechanisms result in
insufficient growth, decreased nutrients and/or a diminished degradation of the
epithelial seam covering the growth processes, each predisposing cleft lip and palate. A
cleft of the lip and/or palate results from a failure of fusion of the frontonasal
prominence with the medial nasal process, the primary palate with the secondary palate
or the lateral palatine shelves with each other (Nanci, 2003).

Since fusion between the secondary palatal shelves, which arise bilaterally from
the maxillary processes (Ferguson, 1988), and fusion between the primary and secondary
palates occur much later in embryogenesis than the fusions between maxillary, lateral
and medial nasal processes during lip formation, failure of proper lip fusion often affects
palatal contact secondarily. Therefore, cleft lip is often accompanied by cleft palate
(Jiang et al., 2006).

D.G. Trasler (1968) emphasized the importance of fusion between medial and
lateral nasal processes and postulated that lateral cleft lip results when this fusion

process does not occur.

1.4. Etiology of non-syndromic cleft lip with or without

cleft palate and isolated cleft palate

P. Fogh-Andersen (1942) first collected data of families with non-syndromic
clefts and evaluated the observed pattern of inheritance. He concluded that the families
with CL/CLP were consistent with segregation of alleles at a single genetic locus with
variable penetrance, but families with CP were consistent with autosomal dominant
inheritance with reduced penetrance. At 1965 D.S. Falconer developed specific
statistical model of inheritance called “multifactorial treshold model” (MFT) in order to
explain the familial patterns of CL/CLP/CP and in 1969 C.O. Carter suggested that the
familial aggregation patterns could be explained by the MFT model and this model at
that time was considered to be the most appropriate model of inheritance for

CL/CLP/CP. F.C. Fraser (1976) postulated that the common congenital malformations
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have familial distributions that cannot be accounted for by simple Mendelian models,
but can be explained in terms of a continuous variable, "liability," with a threshold value
beyond which individuals will be affected. Both genetic and environmental factors
determine liability, making the system multifactorial. The term "multifactorial” should
be used for "determined by a combination of genetic and environmental factors,"
without reference to the nature of the genetic factor(s). "Polygenic" should be reserved
for "a large number of genes, each with a small effect, acting additively." When several
genes, with more major effects are involved, "multilocal" can be used. When it is not
clear which of these is applicable the term "plurilocal" is suggested, in the sense of
"genetic variation more complex than a simple Mendelian difference” (Fraser, 1976).
Few years later M. Melnick et al. (1980) concluded that observed data does not provide
strong evidence in favor of MFT inheritance. He tested MFT as a inheritance model and
it revealed that the incidence of CL/CLP/CP in siblings was 40 times greater than that in
the general population; the risk to siblings of CL/CLP/CP females was not significantly
different from the risk to siblings of CL/CLP/CP males; recurrence risk for siblings of
CL/CLP/CP probands was dependent upon the proband's cleft type; only 0.4% of the
variation in risk to the siblings born after the proband could be accounted for by the
number of previously affected siblings; the consanguinity rate was six times less than
the general population rate; heritability estimates from siblings and parents by sex
suggest, either the presence of significant dominance effects, or a common sibling
environment component in the etiology of the malformation (Melnick et al., 1980). In
addition, the results of several segregation analyses have been interpreted as providing
strong evidence in favor of major-gene effect in the etiology of non-syndromic
CL/CLP/CP. In most published segregation analysis of CL/CLP/CP rejected MFT
model and in favor of a mixed model (single major locus plus multifactorial
components) (Marazita et al., 1984, 1986; Chung et al., 1986) or a major locus alone
(Hecht et al., 1991). Analysis of recurrence-risk patterns showed another model of
inheritance named oligenic or multilocus model of inheritance with approximately four
to seven interacting loci (Mitchell and Risch, 1992; Christensen and Mitchell, 1996).
Several twin studies were performed to establish mode of inheritance for CL/CLP/CP.
Obtained results showed that the proband concordance rate for CL/CLP/CP was 60% in
monozygotic twins (MZ) and 10% in dizygotic twins (DZ). This finding indicates that
genetic factors play a role in the cause of CL/CLP/CP, but environmental factors are

probably involved too (Shields et al., 1979; Christensen and Fogh-Andersen, 1993).
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Murray (2002) reported that lack of 100% concordance in monozygotic twins suggests
that genetic factors alone are not responsible for cleft phenotype and greatly increased
MZ concordance strongly supports a major genetic component. Additional genetic
linkage and association studies are used to identify these genetic factors. It is proved
now that environmental factors have influence in the development of non-syndromic
cleft lip and palate (Murray, 2002, Mossey, 2009; Wehby and Murray, 2010). For now a
multifactorial model of inheritance is favored in which genetic risk factors of small
individual impact may interact with environmental factors (Rahimov et al., 2008).
These combined factors complicate genetic analysis of non-syndromic forms of

CL/CLP/CP (Dixon et al., 2011).

1.5. Genetic factors

There are many different genetic approaches such as genome-wide and few genes
linkage scans, genome-wide and few genes association studies, fine mapping,
informative mouse models and also gene expression studies in mouse and human
embryonic tissues to identify new genes involved in the etiology of CL/CLP/CP and
clarify the role for previously reported genes. Recent studies discovered and confirmed
chromosomal regions such as 1p21-p31, 1q32, 2p13, 3q27-28, 4921-q26, 8q24, 9921,
10925.3, 12p11, 1492124, 16924 and 17922 (Marazita et al., 2004, Riley et al., 2007a,
Marazita et al., 2009, Birnbaum et al., 2009, Mangold et al., 2009, 2010). However,
despite of the many candidate genes investigated, only the JRF6 gene has shown a
convincing degree of consistency across studies and was considered to be responsible
for 12%-18% of non-syndromic cleft lip with or without cleft palate cases (Zucchero et
al., 2004). These results were successfully approved in unrelated populations from Italy,
Norway, Belgium, the USA, Thailand, South America, and China, confirming the role
of the IRF6 gene in CL/CLP/CP formation in different ethnic groups (Marazita et al.,
2009). Mutation screening of more than 20 non-syndromic cleft lip with or without cleft
palate candidate genes showed that only 2%-6% of all screened individuals have
mutations in the rest of genes including FOXE1, GLI2, JAG2, LHX8, MSXI, MSX2,
SATB2, SKI, SPRY2, TBX10 (Vieira et al., 2005; Jezewski et al., 2003). The recent data
suggest that the FGF signaling pathway may contribute to about 3%-5% of non-
syndromic CL/CLP/CP cases (Riley et al., 2007b). These results indicate that, besides

IRF6, there are many more genes involved in the etiology of non-syndromic
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CL/CLP/CP. However other genes studied, such as TGFA, BCL3, PVR, and PVRL2
showed conflicting results and failed replication studies in genetically diverse

populations (Carreno et al., 2002, Pezzetti et al., 2007, Martinelli et al., 1998, Fujita
et al., 2004).

1.5.1. FGFs and their receptors (FGFRs)

The human fibroblast growth factors (FGFs) are encoded by 18 distinct genes
(FGF1-FGFI10 and FGF16-FGF23), that play pleiotropic roles in human development
and metabolism. The biological activities of the FGFs are mediated by FGF receptor
tyrosine kinases (FGFRs) encoded by four distinct genes (FGFRI-FGFR4) in mammals
(Turner and Grose, 2010). FGF signalling controls cell proliferation, migration,
differentiation, survival, and thus plays essential roles in various processes of
embryonic development (Thisse and Thisse, 2005). Abnormal FGF-FGFR signaling due
to gain- or loss-of- function mutations or misexpression has been implicated in a
multitude of human diseases, including craniosynostosis, chondrodysplasia and
Kallmann syndromes, cancers, and isolated hypogonadotropic hypogonadism (IHH)

(Dode et al., 2003; Marie et al., 2005; Trarbach et al., 2007; Turner and Grose, 2010).

1.5.2. SKI gene

SKI (v-ski sarcoma viral oncogene homolog (avian)) gene, located in 1q22-q24,
was discovered as an oncogene present in the avian Sloan-Kettering viruses. It was most
likely formed during the passage of a transformation-defective avian leucosis virus,
which was derived from a cellular gene, c-SKI, which is proto-oncogene (Stavnezer,
1989; Sutrave, 1989). The gene encodes a nuclear protein that binds to DNA and
modulates transcription in association with other cellular factors known to be involved
in craniofacial development, including SMAD2, SMAD3, and SMAD4 (SMAD family
memeber 2, 3 and 4) (Nagase, 1990; Engert, 1995; Berk, 1997). M. Berk et al. (1997)
originally reported in their study that the c-SKI proto-oncogene has been implicated in
the control of cell growth and skeletal muscle differentiation. To determine its normal
functions in vivo, authors disrupted the mouse c-SKI gene. The results show a novel
role for SK7 gene in the morphogenesis of craniofacial structures and the central nervous

system, and confirm its proposed function as a player in skeletal muscle development.
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Homozygous mutant mice show perinatal lethality resulting from exencephaly, a defect
caused by failed closure of the cranial neural tube during neurulation (Berk et al., 1997).

Ski protein is an important negative regulator of the Smad proteins. Ski can bind
to the BMP-Smad protein complexes in response to BMP and repress their ability to
activate BMP target genes through disruption of a functional Smad complex and
through recruitment of transcriptional co-repressors. The antagonism of BMP signaling
by Ski results in neural specification in Xenopus embryos and inhibition of osteoblast
differentiation in mouse bone-marrow stromal progenitor cells. This ability to modulate
BMP signaling by Ski may play an important role in the regulation of craniofacial,
neuronal, and skeletal muscle development (Luo et al., 2003).

It has been also suggested that SK7 gene is involved in the development of palate

by the cAMP and TGFB signalling pathways (Warner et al., 2003).

1.5.3. WNT family genes

The WNT gene family (wingless-type MMTV integration site family) consists of
structurally related genes that encode cysteine-rich secreted glycoproteins that act as
extracellular signaling factors. Because of their role in the regulation of cell fate and
patterning during embryogenesis, including craniofacial development, members of this
family are biologically important candidates for non-syndromic and syndromic clefts in
humans (Gavin et al., 1990; Chiquet et al., 2008).

A role for Wnt signaling in facial morphogenesis was not known until the
identification of the WNT3 (wingless-type MMTYV integration site family, member 3)
nonsense mutation in humans. WNT3 gene, located at 17q21, is required at the earliest
stages of human limb formation and for craniofacial and urogenital development
(Niemann et al., 2004). Genetic analysis results of seven WNT family genes suggest that
alteration in Wnt gene function may perturb formation or fusion of the facial processes

and predispose carriers to CL/CLP/CP (Chiquet et al., 2008).

1.5.4. Collagen family genes

Collagens II and XI are present throughout Meckel’s cartilage, which provides
mechanical support for the developing mandible (Chung et al., 1995) and this is one of

reasons why these genes can be considered as candidate genes for non-syndromic clefts.

23

u—




Mutations in collagen genes are involved in different syndromes. Recessive
mutations in COL1142 (collagen, type XI, alpha 2) are responsible for
otospondylomegaepiphyseal dysplasia (OSMED) and non-syndromic hearing loss while
dominant mutations are associated with Stickler type III, isolated cleft palate, Robin
sequence, non-ophthalmic Stickler syndrome, early onset osteoarthritis and autosomal
dominant hearing loss (Kayserili et al., 2011). Stickler syndrome caused by mutations in
COL2A1, COL11A1, or COL11A2 is inherited in an autosomal dominant manner, but
Stickler syndrome caused by mutations in COL941 or COL9A42 is inherited in an
autosomal recessive manner (Robin et al., 2000). Other phenotypes associated with
mutations in COLI1A2 is Weissenbach-Zweymuller syndrome (WZS) and non-
syndromic sensorineural hearing loss (van Steensel et al., 1997). It has been considered
that collagen can be involved only in syndromic clefts, however there is a study which

shows that COL2A1, COL11A41 and COL11A2 can be involved in the etiology for non-
syndromic CL/CLP/CP (Melkoniemi et al., 2003).

1.5.5. 19q13 locus

Locus 19q13 has been suggested as a susceptibility region for cleft development.
The BCL3 gene is localized in chromosome 19ql3 in close proximity to genes
previously associated with cleft phenotypes such as PVR, PVRL2 and CLPTMI
(Warrington et al., 2006), and encodes a transcription factor involved in cell cycle
regulation. Hence, BCL3 may be involved in lip and palate morphogenesis for its role in
mediating cell differentiation, and other cell processes during embryonic development
(McKeithan et al., 1987).

Stein et al. (1995) presented the first evidence that BCL3 plays a role in the
etiology of non-syndromic CL/CLP/CP through linkage analysis, assuming an
autosomal dominant type of inheritance with incomplete penetrance (Stein et al., 1995).
Other studies have also found linkage between the BCL3 locus and non-syndromic
CL/CLP/CP (Amos et al., 1996a; 1996b; Wyszynski et al., 1997). Maestri et al. (1997)
reported a significant association between BCL3 and CL probands (Maestri et al., 1997).
In addition, Martinelli et al. (1998) found marginal association between a highly
polymorphic intragenic marker (D19S574) close to BCL3 in 98 infants with CL/CLP
and their parents (Martinelli et al., 1998). Beaty et al. (2001) also observed an excess

transmission of this same marker allele, although no formal statistical difference was

24




found between allele frequencies in CP cases and controls. Studies in Chilean
populations also showed a small difference in BCL3 allele distribution between non-
syndromic CL/CLP cases and controls (Blanco et al., 2004; Carreno et al., 2002).
However, no evidence of linkage was found between BCL3 in non-syndromic CL/CLP
Japanese families (Fujita et al., 2004), likewise no association in Lithuanian population
(Morkuniene et al., 2007). Finally, it has been suggested that BCL3 plays a role in the
etiology of non-syndromic CL/CLP as a low penetrance gene or as a modifier (Gaspar

et al., 2002).

1.5.6. BMP4 gene

BMP4 (bone morphogenic protein 4) gene, located at 14q22-q23 in humans, is a
member of the transforming growth factor beta superfamily. Expression studies of bone
morphogenic proteins (BMPs) and its antagonist Noggin in the embryonic chicken face
suggested that BMP signals were important for closure of the upper lip or primary
palate (Ashique et al., 2002). The same authors performed gain- and loss-of-function
experiments to determine the role of BMPs in lip formation and they found that BMPs
regulate outgrowth and epithelial survival during avian lip fusion. Liu et al. (2005)
presented that conditional inactivation of Bmp4 in a transgenic mice line results in an
isolated cleft lip. Because of its role in the regulation of skeletal development including
cartilage and bone formation during craniofacial and limb development BMP4 has been

suggested as candidate gene for non-syndromic CL/CLP/CP (Wan and Cao, 2006).

1.5.7. IRF6 gene

IRF6 gene, located in 1q31-41, is suggested as only one gene, which involvement
in the development of CL/CLP/CP is confirmed in many unrelated populations
(Marazita et al., 2009). High levels of JRF6 mRNA have been discovered along the
medial edge of the fusing palate and also tooth buds (Kondo et al.,, 2002). Author
demonstrated that haploinsufficiency of IRF6 can lead to cleft lip with or without cleft
palate and lack of teeth. T.M. Zucchero et al. (2004) found very strong association
between V2741 polymorphism of IRF6 and non-syndromic CL/CLP/CP in different

populations and this study was used as a background for further studies to clear role of
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IRF6 gene in etiology of non-syndromic clefts compared between different populations

(Zucchero et al., 2004).

1.6. Environmental factors

Identification of environmental components of clefting and studies of gene by
environment interaction require large and in the best case prospective cohort studies and
access to genetic material to be optimally effective (Dixon et al., 2011).

Maternal smoking has been associated with increased risk of CL/CLP/CP and
meta-analysis strongly supports an overall odds ratio (OR) for having CL/CLP/CP of
~1.3 among offspring of mothers who smoke (Little et al., 2002; Shi et al., 2007; Shi et
al., 2008). Increased risks from exposure to maternal smoking during the peri-
conceptual period raises the possibility that genes in certain metabolic pathways may
play a role in the development of CL/CLP/CP. Specifically, markers in the GSTT!
(glutathione S-transferase theta 1) or NOS3 (nitric oxide synthase 3) genes appear to
influence risk of CL/CLP/CP in the presence of maternal smoking (Shi et al., 2007; von
Rooij et al., 2001; Lammer et al., 2004; Zhu et al., 2009). The GSTT1 markers are gene
deletion variants, which suggest deficiencies in detoxification pathways may underlie
some of this susceptibility. Smoking has also been recently associated with a joint risk
with variants in the IRF6 gene and the same study reported interactions between
multivitamins and JRF6 variants (Wu et al., 2010). These findings provide evidence that
gene-environment interactions are important in CL/CLP/CP.

Nutritional factors, such as folate deficiency, have also been suggested to
influence risk of CL/CLP/CP, based on both observational studies and interventional
trials using folate supplementation to prevent recurrences of CL/CLP/CP/ in families
(Wehby and Murray, 2010). However, the studies of vitamin supplementation with
folate remain controversial (Wilcox et al., 2007; Wehby and Cassell, 2010) and recent
studies of levels of folate receptor antibodies did not find an association with
CL/CLP/CP (Bille et al., 2010). Furthermore, food fortification programs using folic
acid have shown detectable decreases in the rates of clefting in some (Yazdy et al.,
2007; Johnson and Little, 2008), but not all studies (Ray et al., 2003; Lopez-Camelo et
al., 2010). There are studies which support roles for zinc deficiency in risk of
CL/CLP/CP (Munger et al., 2009), for cholesterol deficiency in CL/CLP/CP (Porter,

2006) as well for as multivitamins in general in CL/CLP/CP prevention (Johnson and
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Little, 2008), but additional studies have to be made to confirm it (Dixon et al., 2011).

In addition, some specific teratogens, for example valproic acid, have yielded
evidence of association with cleft palate (Jentink et al., 2010).

Exposure to maternal alcohol consumption has also been suggested as a risk
factor, but the evidence has been more inconsistent (Mossey, 2009). Studies also
suggest that high doses of alcohol in short periods of time increase risk (Deroo et al.,
2008), and this is supported by associations with variation in the ADHIC alcohol
dehydrogenase gene (Boyles et al., 2009).

Besides nutrients and toxins there are other environmental factors such as

hyperthermia, stress, maternal obesity, occupational exposures, ionizing radiation and

infection, but the effects of these factors are not yet clarified (Shahrukh et al., 2010;
Mossey et al., 2009).




2. SUBJECTS AND METHODS

2.1. Subjects

In the study were included patients with non-syndromic cleft lip (CL), patients
with non-syndromic cleft lip with cleft palate (CLP), patients with non-syndromic cleft
palate (CP), patients with no age or sex limit and from Caucasian origin. Patients with
syndromic clefts or any recognized inherited pathology and adopted patients were
excluded from the study. Control group consisted from unrelated, randomly selected
unaffected individuals with no family history of clefts, with no age or sex limit and
from Caucasian origin. Individuals with syndromic clefts or any recognized inherited
pathology and adopted individuals were excluded from the study.

The data collection was performed in accordance with the regulations issued by
the Central Medical Ethics Committee of Latvia. Prior to any research procedure, all
participated individuals signed an informed consent form. In the case of patients who
were under 18 years of age, consent was obtained from their parents.

Patients and their parents were recruited in the Riga Cleft Lip and Palate Centre,
Institute of Stomatology, Riga Stradin§ University.

The control group consisted of 190 individuals collected at the Latvian
Biomedical Research and Study Center within the framework of the national project
Genome Database of Latvian Population and 293 individuals from internal data
collection of Scientific Laboratory of Molecular Genetics, Riga Stradin$ University.

For case-control study 661 individual from Latvia were analyzed: 178 non-
syndromic cleft lip with or without cleft palate and isolated cleft palate (CL/CLP/CP)
patients and 483 unaffected individuals as controls. Out of all 178 non-syndromic
CL/CLP/CP cases, 135 had CL/CLP (36 patients with CL, 99 patients with CLP) and 43
patients had CP.

The transmission disequilibrium test (TDT) was carried out in Latvian 122 trios
(patient with both parents, total 366 persons), from which 89 patients and their parents
(total 267 persons) were divided into CL/CLP group and 33 patients with both parents
(total 99 persons) - into CP group.

For additional study 606 DNA samples from Brazilian population (338 non-
syndromic CL/CLP/CP cases and 268 individuals as controls) were studied in present
study. In the study were included patients with non-syndromic cleft lip (CL), patients
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with non-syndromic cleft lip with cleft palate (CLP), patients with non-syndromic cleft
palate (CP), patients with no age or sex limit and from Caucasian origin. Patients with
syndromic clefts or any recognized inherited pathology were excluded from the study.
Control group consisted from unrelated, randomly selected unaffected individuals with
no family history of clefts, with no age or sex limit and from European origin
(Portugese descent). Individuals with syndromic clefts or any recognized inherited
pathology were excluded from the study. Out of all 338 cleft cases, 294 cases had non-
syndromic CL/CLP and 44 cases had non-syndromic CP. Brazilian population samples
were obtained at the Dental Clinics of the Hospital of Rehabilitation and Craniofacial
Anomalies and Bauru Dental School, both of the University of Sdo Paulo. Bauru, SP,
Brazil. The study had local approval and was conducted with the consent of the

participants and their parents or legal guardians.

2.2. Methods
2.2.1. DNA extraction

The genomic DNA of non-syndromic CL/CLP/CP patients and population
samples was obtained from venous blood or saliva and extracted according to the

established protocol of the phenol-chloroform method with slight modifications.

2.2.1.1. DNA extraction and purification from venous blood I

1. Add 2-5 ml of Lysis buffer and 60-120 pl of TWEEN 20 to 2-5 ml of venous
blood and mix slowly using rotator Multi RS-60 (Biosan, Latvia) 10 minutes at
room temperature following by spin for 8 minutes at 3000 rpm/min.

2. Discard the supernatant.

3. Add 700 pl of 10 mM Tris-HCl, 10 mM EDTA, 0.456 M NaCl solution, 100 pl
1.6% SDS and 6 pl proteinase K (Fermentas, Lithuania).

4. Incubate at 37°C for overnight or 55°C for 2 hours.

5. Transfer all solution into new tube and add 400 pl buffered phenol, pH 8.0 and
mix the tube slowly using rotator Multi RS-60 (Biosan, Latvia) for 10 minutes at
room temperature following by spin for 3 minutes at 15 000 rpm/min.

6. Transfer the supernatant to a new tube and add 200 pl buffered phenol, pH 8.0

and 200 pul chlorophorm-isoamylalcohol solution (in ratio 24:1).
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7. Mix the solution slowly using rotator Multi RS-60 (Biosan, Latvia) for 10
minutes at room temperature following by spin for 3 minutes at 15 000 rpm/min.

8. Transfer the supematant into new tube, add cold 96% ethanol in ratio 1:1 and
mix gently.

9. Spin the solution for 3 minutes at 15 000 rpm/min.

10. Discard the supernatant and dry the tube for 20 minutes with open cover.

11. Add 200 pl TE buffer or dH,O.

12. DNA sample storage performed at -20°C.

13.DNA concentration measurement performed with NanoDrop 2000

Spectrophotometer (Thermo Fisher Scientific, USA).

2.2.1.2. DNA extraction and purification from white blood cells 11

1. Spin tube with venous blood at +4°C for 15 minutes at 4000 rpm/min.
2. Prepare 50 ml tube and add ~ 10 ml RBC Lysis A1 solution.

(98]

Transfer leukocytes from blood tube to prepared 50 ml tube, add once more ~ 10
ml RBC Lysis Al solution and mix gently by inverting.

Incubate at +4°C for 15 minutes.

Spin tube at +4°C for 15 minutes at 4000 rpm/min.

Discard the supernatant and mix gently the suspension.

Transfer suspension to a new 15 ml tube and add 5 ml Cell Suspension Solution.

® N A

Mix the solution slowly using rotator Multi RS-60 (Biosan, Latvia) for 3-5

minutes at room temperature.

’ 9. Add 400 pl 10% SDS solution and invert the tube ~ 3 times.

‘ 10. Add 5 pl proteinase K and invert the tube ~ 3 times.

‘ 11. Incubate at +50°C for overnight.

12. Add 5 ml buffered phenol and mix the tube slowly using rotator Multi RS-60
(Biosan, Latvia) for 15 minutes at room temperature following by spin at +20°C
for 10 minutes at 4000 rpm/min.

13. Transfer the upper level to a new tube and add 5 ml chloroform.

14. Mix the tube slowly using rotator Multi RS-60 (Biosan, Latvia) for 5 minutes at

room temperature following by spin at +20°C for 10 minutes at 4000 rpm/min.

15. Transfer the upper level to a new tube and add very careful 5 ml isoamylalcohol.
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Invert the tube few times following by spin at +20°C for 10 minutes at 4000
rpm/min.

Discard the supernatant and add 5 m1 70% ethanol.

Vortex the tube for 10 seconds and incubate it for 2 minutes at room
temperature.

Spin at +20°C for 10 minutes at 4000 rpm/min.

Discard the ethanol and dry the tube for 10 minutes at room temperature.

Add 1 ml TE buffer and mix gently using rotator Multi RS-60 (Biosan, Latvia)
for overnight at room temperature.

DNA sample storage performed at -20°C.

DNA concentration measurement performed with NanoDrop ND-1000 Spectro-
photometer (Thermo Scientific, USA).

2.2.1.3. DNA extraction from dried blood samples

Cut 3 mm (in diameter) of dried blood sample and put it into 1.5 m] tube.
Add 1 ml ddH,O and put into rotator for 30 min.

Remove ddH,0 by pipette.

Add 100 pl of methanol.

Incubate 15 min at room temperature (tube is closed).

Remove methanol by pipette.

Add 100 pl of 5 mM NaOH and few drops of mineral oil.

Incubate 10 min at 100°C.

Put tube on ice and incubate 10-15 min.

. Store DNA at -20°C.

. DNA concentration measurement performed with NanoDrop ND-1000 Spectro-

photometer (Thermo Scientific, USA).

2.2.1.4. DNA extraction and purification from saliva

Add 2 ml SLS-1 solution to 1-2 m] saliva and mix it.

Add 5 pl proteinase K (Fermentas, Lithuania) and invert the tube ~ 3 times.
3. Incubate overnight at +50°C.
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4. Add 3-4 ml buffered phenol, mix the tube slowly using rotator Multi RS-60
(Biosan, Latvia) for 15 minutes at room temperature following by spin at +20°C
for 10 minutes at 4000 rpm/min.

5. Transfer the upper level (~ 2-2.5 ml) to a new tube and add 2-2.5 ml chloroform.

6. Mix the tube slowly using rotator Multi RS-60 (Biosan, Latvia) for 5 minutes at
room temperature following by spin at +20°C for 10 minutes at 4000 rpm/min.

7. Transfer the upper level (~ 2-2.5 ml) to a new tube and add very carefully 2-2.5
ml isoamylalcohol.

8. Invert the tube until the DNA pellet forms.

9. Spin at +20°C for 10 minutes at 4000 rpm/min.

10. Discard all supernatant, add 5 ml 70% ethanol and vortex for 10 seconds
following by mix using rotator Multi RS-60 (Biosan, Latvia) for 5 minutes at
room temperature.

11. Spin at +20°C for 10 minutes at 4000 rpm/min and discard the ethanol
immediately.

12. Dry the tube for 10 minutes at room temperature.

13. Add 250 pl TE buffer, vortex briefly and mix gently using rotator Multi RS-60
(Biosan, Latvia) for overnight at room temperature.

14. DNA sample storage performed at -20°C.

15.DNA concentration measurement performed with NanoDrop ND-1000
Spectrophotometer (Thermo Fisher Scientific, USA).

2.2.2. Genotyping
2.2.2.1. APEX-2 (Arrayed primer extension reaction) method

Arrayed primer extension reaction is a straightforward and robust enzymatic
genotyping method in which hundreds to thousands of variations in the genome are
simultaneously analyzed in a single multiplexed reaction. APEX occurs by a two-step
reaction mechanism: (1) targeting of DNA hybridization to the complementary oligo-
primers and (2) single base extension of these primers with appropriate dye- labeled
dideoxynucleotides that match the nucleotide on polymorphic site by DNA polymerase.

Thus, these dye-labeled dideoxynucleotides are used to terminate the extension reaction
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directly at their incorporation site, complementarily representing the DNA base in

question (Pullat and Metspalu, 2008).

2.2.2.1.1. Gene and SNP selection

To capture all of the SNPs with minor allele frequencies MAF > 0.05 and =
0.8 in the regions of interest, 651 tagSNPs were selected based on the HapMap Phase 11
data, using HapMap CEU as a reference population. Multiple SNPs were selected for
each gene, including 10 kb of both upstream and downstream genomic sequences.

A list of selected SNPs per gene are shown in Table 2.1.

Table 2.1.
Candidate genes and loci included in the study
Gene/Locus Chromosomal Number of
localization genotyped SNPs”
MTHFR 1p36.3 11
LHXS8 1p31.1 9
COLIIAl 1p21 48
SKI 1q22-q24 20
IRF6 1q32.3-g41 11
TGFA 2p13 41
FN1 2q34 30
MSX1 4p16.3-pl6.1 15
FGF2 4926-927 " 20
FGF1I 5931 35
| MSX2 5q34-q35 6
EDNI 6p24.1 15
COL1142 6p21.3 22
FGFRI 8pl1.2-pll.1 12
FOXEI 9922 4
| TBX10 11q13.2 10
| MMP3 11223 8
MMP13 11q22.3 20
PVRLI 11923.3 19
COL241 12q13.11 33
SPRY2 13q31.1 3
33
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Continuation of Table 2.1.
Gene/Locus Chromosomal Number of
localization genotyped SNPs
BMP4 14q22-q23 4
TGFB3 14q24 8
JAG2 14932 11
MMP25 16p13.3 7
MMP?2 16q13-g21 21
CDHI 16g22.1 14
RARA 17q21 5
WNT3 17921 17
WNT9B 17q21 12
TIMP2 17925 26
‘OFC11’ 18q21" 27
BCL3 19q13.1-q13.2 | 4
PVRL2 19q13.2 13
CLPTMI 19q13.2-q13.3" | 8
BMP2 20p12 25
MMP9 20q11.2-q13.1 6
TIMP3 22q12.37 38
TBX22 Xq21.1 7
TIMP1 Xpll.3-p11.23 |6
~ SNP - single nucleotide polymorphism;
* includes NUDTG gene;
** includes SMAD2 and SMAD4 genes; |
:::*includes APOC?2 gene; ]
includes SYN3 gene

2.2.2.1.2. SNP genotyping

SNP genotyping was performed according to the standard protocol of APEX-2
genotyping method, developed in the Univerisity of Tartu, Estonia (Krjutskov et al.,
2008).

Step I (DNA denaturation)
1. Mix 3 pl DNA (100 ng/ul) with 1 pl denaturation solution (5 mM Tris-HC1 +

0.1 mM EDTA) and heat at 95°C for 3 minutes without lid.

Step II (I phase PCR with specific primers, volume 15 pl)
1. Prepare Master Mix (see Table 2.2).
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I phase PCR Master Mix preparation

Table 2.2.

Volume for 1

Reagent Start concentration Final concentration reaction, pl
ddH,0 22
Buffer TrueStart 10x 3x 4.5
original (Fermentas,
Lithuania)
MgCl, 100 mM 5.75 mM 0.86
DMSO 100 % 2% 0.3
dNTP mix 25 mM 0.35 mM 0.2
Primer mix (650 100 nM 30 nM 6.6
plex)
TrueStart Taq 50U/ ul 2U 04
(Fermentas,
Lithuania)

2. Mix all reagents, add DNA and mix gently.

3. Start the PCR using Biometra TProfessional (Germany) thermocycler. For

temperature cycles see Table 2.3.

Table 2.3.

I phase PCR conditions
Temperature Time Cycles
98°C 45 seconds 1x
95°C 15 seconds 27x
62°C 30 seconds 27x
64°C 1 minute 30 seconds 27x
65°C 1 minute 30 seconds 27x
66°C 30 seconds 27x
72°C 20 seconds 27x
72°C 1 minute 1x

Step III (I phase PCR with universal primers, volume 135 pl, concentrations calculated

for 150 pl)

1. Prepare Master Mix (see Table 2.4).
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Table 2.4.
IT phase PCR Master Mix preparation

Reagent Volun'le for 1
reaction, pl

ddH,O 50
10x B buffer (Solis 22.5
Biodyne, Estonia)
2.5 mM dNTP mix 22.5
(Fermentas, Lithuania)
500 pmol/ pl Primer mix 18
(Metabion Int. AG,
Germany)
25 mM MgCl, (Fermentas, 18
Lithuania)
5U/ pl Hot Fire Pol (Solis 4
Biodyne, Estonia)

2. Mix all reagents.

3. Add I phase PCR product and mix gently.

4. Start the PCR using Biometra TProfessional (Germany) thermocycler. For
temperature cycles see Table 2.5.

Table 2.5.
IT phase PCR conditions
| Temperature Time Cycles
95°C 15 minutes 1x
} 95°C 20 seconds 30x
54°C 20 seconds 30x
72°C 5 seconds 30x
72°C 5 minutes 1x

Step IV (PCR product purification)
Purification was done using MN NucleoSpin Gel and PCR clean-up kit (Macherey-
' Nagel GmbH & Co, Germany).
1. Mix 150 ul of II phase PCR product with 500 ul binding buffer (NTI buffer),

place the column into a collection tube and load the sample.
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2. Centrifuge using centrifuge MiniSpin Plus (Eppendorf, Germany) for 30
seconds at 11 000 rpm/min, discard flow-through and place the column back
into the collection tube.

3. Wash twice with 600 pl wash buffer (NT3 buffer).

4. Centrifuge for 30 seconds at 11 000 rpm/min, discard flow-through and place
the column back into the collection tube.

5. Centrifuge for 1 minute at 11 000 rpm/min to remove NT3 buffer completely.

6. Place the column into a new 1.5 ml tube and add 35 pl of elution buffer (NE
buffer).

7. Incubate for 1 minute at room temperature.

8. Centrifuge for 1 minute at 11 000 rpm/min.

Step V (Sample denaturation)
1. Add 4 pl ThermoSequenase (GE Heatlhcare, USA) 10x reaction buffer.
2. Add 0.25 pl SAP enzyme (Fermentas, Lithuania).
3. Incubate 15 minutes at 37°C + 6 minutes at 95°C.

Step VI
1. Prepare APEX mix (see Table 2.6).

Table 2.6.
APEX mix preparation
Reagent Volun.le for 1
reaction, pl
100 pM ddNTP 0.5 each

32U/ ul ThermoSequenase 0.25
(GE Healthcare, USA)
Dilution buffer (GE 0.75
Healthcare, USA)

Mix denatured sample with 3 pl prepared APEX mix.
Vortex briefly and load directly 40 pl to array.
Hybridize array for 20 minutes at 60°C.

Wash slide with boiled dH,O.

Image processing using Genorama™ 4.2.9. software (Asper Biotech, Estonia).

S kA v
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2.2.2.2. Genotyping using TagMan chemistry

2.2.2,2.1. SNP selection

| Three markers in BMP4, six markers in 19q13 locus and seven markers in /RF6

‘ gene were selected based on recent publications regarding confirmed linkage studies

markers is shown in Table 2.7.

and associations with non-syndromic CL/CLP/CP. Detailed information about selected

Table 2.7.

Selected SNPs for genotyping with TaqMan probes used in the study

SNP* Chromosomal Gene SNP localization in gene Allele* | MAF**
localization
rs1957860 14: 53499105 | BMP4 ~6 kb downstream of gene | C/T 0.383
rs17563 14: 53487272 | BMP4 Exon 5 A/G 0.373
152071047 14: 53488161 | BMP4 Intron 4 G/A 0.406
rs35385129 | 19: 49854029 | PVR Exon 6 C/A 0.164
PVR/ ~20 kb downstream of PVR | G/A 0.476
BCL3 gene and ~62 kb upstream
rs10421283 | 19: 49881333 of BCL3 gene
1s2927438 19: 49933947 | BCL3 ~10 kb upstream of gene G/A 0.190
1s419010 19: 50060160 | PVRL2 Intron 1 T/C 0.484
152075620 19: 50171877 | CLPTMI | Intron 6 A/G 0.362
rs875255 19: 50185475 | CLPTMI | Intron 11 G/C 0.428
rs4844880 1: 207937539 | IRF6 ~88 kb upstream of gene T/A 0.355
rs2013162 1: 208035307 | IRF6 Exon 4 C/A 0.403
rs861019 1: 208042009 | IRF6 Intron 1 A/G 0.399
152073487 1: 208043269 | IRF6 Intron 1 T/C 0.402
rs642961 1: 208055893 | IRF6 ~10 kb downstream of gene | G/A 0.175
15658860 1: 208057172 | IRF6 ~11 kb downstream of gene | C/T 0.181
rs2235371 1: 208030703 | IRF6 Exon 6 C/T 0.138
~ SNP - single nucleotide polymorphism; * Major allele is listed first
*# Minor allele frequency from http://www.ncbi.nlm.nih.gov




2.2.2.2.2. SNP genotping

Genotyping was performed using TagMan standard assays (4dpplied Biosystems,
USA) on automatic sequence-detection instruments 7500 Real-Time PCR System and
ViiA™ 7 Real-Time PCR System (dpplied Biosystems, USA).

Reactions were carried out with the use of standard conditions as suggested by
the manufacturer (see Table 2.8.).

1. Prepare Master Mix (volume 10 pl) (see Table 2.8.)

Table 2.8.

Real Time PCR Master mix preparation

Reagent Volume for 1

reaction, pl

ddH,O 4.75
Buffer (Applied 5.0

Biosystems, USA)
TagMan probe 0.25

(Applied Biosystems,
USA)

2. Add 28 ng of DNA and mix all reagents.
3. Start PCR using following program (see Table 2.9.)

Table 2.9.

Real Time PCR universal program

Temperature Time Cycles
95°C 15 minutes Ix
95°C 15 seconds 40x
60°C 1 minute 40x

4°C 5 minutes Infinity
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2.2.2.3. MALDI-TOF (Matrix-assisted laser desorption/ionization-time-of-flight)
technology

2.2.2.3.1. SNP selection

Eight SNPs (Figure 2.1.) were selected to cover the entire BCL3 gene with
1 kb distance, taking into consideration published allele frequencies

(http://www.ncbi.nlm.nih.gov/sites/entrez).

BTIST2M rsS103315 ps11671085 12927456

GI0401.76 2927357 51979377 152306148

Figure 2.1. BCL3 gene structure and approximate location of the SNPs selected in this
study. Vertical lines indicate the approximate localization of selected SNPs within the
BCL3 gene. Black boxes indicate exons. Lines connecting boxes indicate introns.

2.2.2.3.2. SNP genotyping

Genotyping was performed with the use of MALDI-TOF technology using
Bruker Daltonics genostrep 96 kit 10x96 (Bruker Daltonics, Germany) with slight

modifications.

Details of selected SNPs are presented in Table 2.10.

Table 2.10.
Selected SNPs in BCL3 gene
sNpr | Crromosomal 1095221011 Allele* MAF**
in gene
1s7257231 19: 49944279 | Intron 1 T/A 0.276
1510401176 19: 49945331 | Intronl G/A 0.160
rs8103315 19: 49946008 | Intronl G/T 0.054
12927457 19: 49948787 | Intron 2 T/G 0.051
rs11671085 19: 49949647 | Intron 2 C/T Not available
rs1979377 19: 49950842 | Intron 2 G/T 0.187
152927456 19: 49952054 | Intron 3 C/T 0.130
rs2306148 19: 49953271 | Intron 6 C/T Not available

~ SNP - single nucleotide polymorphisms; * Major allele listed first

** Minor allele frequency from http://www.ncbi.nlm.nih.gov
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Details of BCL3 gene selected SNPs, primer sequences and PCR fragments for

MALDI-TOF reactions are presented in Appendix 2.

Step I (PCR)

1. Prepare Master Mix (see Table 2.11.).

Table 2.11.
PCR Master Mix for BCL3 gene analysis
Reagent Start concentration Final concentration \i:llértril:nfo;ll
ddH,0O - - 8.568
Buffer BD (Solis 10x 1x 1.2
BioDyne, Estonia)
MgCl, (Fermentas) 25mM 2.5 mM 1.2
dNTP mix 10 mM 0.2 mM 0.24
(Fermentas,
Lithuania)
Forward primer 100 pmol/ul 0.3 pmol/pl 0.036
(Metabion
International AG,
Germany)
Reverse primer 100 pmol/pl 0.3 pmol/pl 0.036
(Metabion
International AG,
Germany)
Hot FIREPol DNA 5U/ul 0.1 U/ul 0.24
polymerase (Solis
BioDyne, Estonia)

2. Add 1 pl DNA (25 ng/pl), mix all reagents by vortex and spin shortly.
3. Start the PCR using Genedmp PCR System 9700 thermocycler (Applied

Biosystems, USA). For temperature cycles see Appendix 3.

4. PCR products were checked in 1.5% agarose gel after electrophoresis at 110V

for 10-20 minutes.

Step II (PCR product purification)
1. Prepare Master Mix (see Table 2.12.).
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Table 2.12.
Master Mix for PCR product purification

Reagent Volume for 96 reactions, pl
SAP enzyme (Fermentas, Lithuania) 29
ddH,0 305

2. Mix all reagents by vortex and spin shortly.

3. Transfer 3 pl of reaction mix to new tube and start the PCR using Genedmp
PCR System 9700 thermocycler (Applied Biosystems, USA). For temperature
cycles see Table 2.13.

Table 2.13.
Temperature cycles for PCR product purification
Temperature Time Cycle
37°C 60 minutes Ix
94°C 20 minutes 1x

Step III (Minisequencing)
Details of minisequencing primer sequences and ddNTPs used for mini-

sequencing reactions are presented in Table 2.14.

Table 2.14.
Minisequencing primer sequences and ddNTPs used for the BCL3 genetic analysis
SNPA Minisequencing (MS) primers ddNTPs

1s7257231 B-GATCTCATATCTATLTCCTTGG ddATP;

ddTTP
rs10401176 B-ACCAACCCATCLCACAGAC ddGTP;

ddATP
rs8103315 B-ACCTAGCAGGGGALCCCAG ddTTP;

ddGTP
rs1979377 B-CTAACTTTTGTLTTTTTAGTAGAGACA ddGTP;

ddTTP
152927456 B-CTCTCTAGTCCTGCLTCCC ddCTP;

ddTTP

~ SNP - single nucleotide polymorphism; B - biotin; L - photolinker
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1. Prepare Master Mix (see Table 2.15.).

Table 2.15.

Master mix for minisequencing reaction for BCL3 gene analysis

Reagent Start concentration Final concentration Volun.le for 1
reaction, pl

Buffer C (Solis 10x 0.5x 0.5
BioDyne, Estonia)
MgCl, (Fermentas, 100 mM 1.25 mM 0.125
Lithuania)
Primer (BioTez 100 pmol/pl 1 pmol/ul 0.1
Berlin-Buch GmbH,
Germany)
ddNTP 1 20 pmol/pl 0.2 pmol/ul 0.1
(Fermentas,
Lithuania)
ddNTP 2 20 pmol/pl 0.2 pmol/pul 0.1
(Fermentas,
Lithuania)
TERMI Pol DNA 5 U/ul 0.20/u 0.4
polymerase (Solis
BioDyne, Estonia)
ddH,0 - - 3.675

2. Mix all reagents by vortex and spin shortly.

3. Start the minisequencing reaction using Genedmp PCR System 9700

thermocycler (Applied Biosystems, USA). For temperature cycles see Table

2.16.
Table 2.16.
Minisequencing program used for BCL3 gene analysis

Temperature Time Cycles
95°C 2 minutes Ix
95°C 10 seconds 100x
55°C 10 seconds 100x
72°C 10 seconds 100x
72°C 5 minutes 1x
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Step IV (Minisequencing product purification)
Purification was performed in 96-well plate using DNA purification kit (Bruker
‘ Daltonics, Germany) with slight modifications.
1. Add 4 pl binding buffer (BB) and 10 pl ddH,O to each minisequencing product
and mix 5 times by pipetting.
2. Transfer 16 ul of reaction mix to streptavidin-coated 96-well plate and incubate
30 minutes at room temperature.
3. Discard all solution and start washing process automatically with washing buffer
1 (WB1) and washing buffer 2 (WB2) ~ 1.5 hours.
4. Add 20 pl of elution buffer (EB) and insert the plate into UV incubator UV-unit
CL-366 ™ (Bruker Daltonics, Germany).

5. Prepare Matrix mix (see Table 2.17.).
! Table 2.17.
\
Matrix preparation for sample reading in MALDI-TOF mass spectrometer
Reagent Amount
3-hydroxypicolinic acid 10 mg
DAC (dyaminoacetate) 100 pl
ddH,O 900 pl

6. Mix all reagents and spot 1 pul of prepared matrix to 384-well iron plate (each
sample is in 4 copies) and let to dry.

7. Transfer 1 pl of each sample on each dry matrix spot and let to dry.

8. Plate with dried samples is ready for analyzing in MALDI-TOF mass

spectrometer (Bruker Daltonics, Germany).

Step V (Sample reading and data analyzing)

1. Prepare plate for calibration entering minisequencing primers sequences and

calculating mass of primers and nucleotides for detecting (see Table 2.18.).




Mass of primers and nucleotides

Table 2.18.

Primer mass, | Nucleotide A | Nucleotide T | Nucleotide C | Nucleotide G
SNPA

Da mass, Da mass, Da mass, Da mass, Da
rs7257231 2167.37 2464.58 2455.57 - -
rs10401176 2154.39 2451.60 - - 2467.60
rs8103315 1527.98 - 1816.17 - 1841.18
151979377 4686.02 - 4974.21 - 4999.22
152927456 1189.76 - 1477.95 1462.94 -

A SNP - single nucleotide polymorphism

2. Insert the plate into MALDI-TOF mass spectrometer (Bruker Daltonics,
Germany) and analyze all samples automatically after calibration.
3. Sample reading and data analysis is done with program “genotools™ 2.0”

(Bruker Daltonics, Germany).

3.2.3. Statistical analysis

All analyzed markers were tested for Hardy-Weinberg equilibrium in controls
and affected individuals using a Pearson’s chi-square test with one degree of freedom.
Allele frequency differences between cleft patients and control subjects were compared
for each marker using a standard chi-test with one degree of freedom. Allelic odds ratios
(ORs) and 95% confidence intervals (CIs) were estimated using the standard x2 test,
assuming a multiplicative model. The level of statistical significance was set at a=0.05
for nominal association. Haplotype-phenotype association tests were performed with the
standard chi-square test using sliding windows and LD blocks approach. The PLINK
software (Purcell et al., 2007) was used to perform case-control comparisons and to test
for transmission distortions in the triad families. Bonferroni correction was applied for
multiple testing correction considering the number of tests and variables (0.05/number
of independent tests).

For performing data statistical analysis, non-syndromic CL/CLP/CP patients
were divided into 2 groups - non-syndromic cleft palate (CP) patient group and non-
syndromic cleft lip and cleft lip with cleft palate patient group (CL/CLP), because it has
been considered that cleft lip and cleft lip with cleft palate develop at similar embryonic

stages.
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3. RESULTS

In this chapter results are shown according to the methods used for

genotyping. All together three different genotyping methods were used.

3.1. Genotyping using APEX-2 method

Six hundred and fifty one markers in 44 genes were analyzed for 106 cleft lip
and cleft lip with cleft palate (CL/CLP) patients, 29 cleft palate (CP) patients and 182
healthy and unrelated individuals as controls. After data quality cleaning nine markers
were excluded based on HWE test (p value <0.05), twenty-one markers failed
missingness test (>95%) in CL/CLP group and nine markers in CP group, and 1
control sample was removed because of individual missingness treshold of <10%.
The overall genotype rate was ~ 99%.

In the Table 3.1. all markers which remained associated after correction for
multiple testing in the CL/CLP and CP sample set are presented. The best results of

single marker association analysis (P<0.05) are shown in Appendix 4.

3.1.1. CL/CLP group

The strongest association with CL/CLP was found for SNP rs16824948,
which is located in SK7 gene, where the allele T was associated with increased risk (p-
value = 0.0013x10'14; OR = 6.376; 95% CI = 4.039-10.07). Obtained association
remained statistically significant after Bonferroni correction.

SNP rs11655598 in WNT3 gene showed very strong association (p-value =
0.0053x10'%; OR = 5.925; 95% CI = 3.593-9.772) with CL/CLP, which remained
significant after correction for multiple testing. Allele G was associated with
increased risk for CL/CLP.

Also allele C for SNP rs7829058 in FGFRI gene showed increased risk (p-
value = 0.0024x10°; OR = 7.991; 95% CI = 3.435-18.59) for non-syndromic
CL/CLP.
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3.1.2. CP group

The strongest association with CP was found for SNP rs11655598, located in
WNT3 gene, where the allele G was associated with increased risk (p-value =
0.0039x107!; OR = 9.495; 95% CI = 4.879-18.34).

SNP 1516824948 in SKI gene showed very strong association (p-value
0.0011x107; OR = 6.777; 95% CI = 3.577-12.84) with CP, which remained
significant after correction for multiple testing. Allele T was associated with increased
risk for CP.

Rs7829058 in FGFRI gene showed increased risk (p-value = 0.0002x10°°; OR
= 13.16; 95% CI = 4.93-35.1) for non-syndromic cleft palate, whereas the allele C

was associated with increased risk for cleft palate phenotype.
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Haplotype-association analysis was performed using two different approaches.
Haplotype analysis was applied using two to five SNP slinding window approach for
the genes SKI, WNT3 and FGFRI which were strongly associated with CL/CLP and
CP phenotype in single-marker association analysis. Second approach was haplotype-
based association analysis within LD blocks for all genes.

In the Table 3.2. and Table 3.3. best results (p value <0.0001) of haplotype
analysis using sliding window in SK7 gene are presented.

The strongest association with CL/CLP in SKI gene was found for
rs16824948-rs903910 (TC) (p value = 0.0392x10"%), rs16824948-rs903910-
154648625 (TCT) (p value = 0.0062x10™%), rs263533-rs16824948-rs903910 (CTC)
(p value = 0.0034x10°®), 1s263533-1s16824948-rs903910-1s4648625 (CTCT) (p value
= 0.0132x10;8), rs262683-rs2460000-rs263533-rs16824948-rs903910 (TGTTC) (p
value = 0.0172x10°%), rs263533-rs16824948 (CT) (p value = 0.0176x10°®),
rs16824948-rs903910-rs4648625-rs6673129-rs12045693 (TCTCA) (p value
0.0282x10®), rs16824948-rs903910-1s4648625-rs6673129 (TCTC) (p value
0.0092x107") and rs2460000-rs263533-r516824948-rs903910-rs4648625 (GTTCT) (p
value = 0.0106x10”) haplotypes, which were associated with higher risk of disease.
Very strong association with CP was found for rs2460000-rs263533-rs168249438-
1s260507-rs903910 (GTTCC) (p value = 0.0029x107'6), rs16824948-rs260507-
1s903910-rs4648625-rs6673129 (TCCTC) (p value = 0.0045x10™'%), rs16824948-
1s260507-rs903910-rs4648625 (TCCT) (p value = 0.0075x10™2), rs16824948-
1s260507-rs903910 (TCC) (p value = 0.0126x107%), rs263533-rs16824948-
1s260507-rs903910-rs4648625 (TTCCT), (p value = 0.0034x10™"), rs263533-
1s16824948-rs260507-rs903910 (TTCC), (p value = 0.0061x10™'") and rs2460000-
1$263533-rs16824948-rs260507 (GTTC) (p value = 0.0136x10™"") which all were
associated with higher risk for CP.
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Table 3.4. presents the best haplotype-based association results (p value
<0.0001) in FGFRI gene.

We found strongest association between FGFRI haplotypes rs7829058-
1513279569 (CG) (p value = 0.0045x107%), rs6996321-rs7829058-rs13279569 (GCG)
(p value = 0.0185x10”) and CL/CLP. Both haplotypes were associated with higher
risk for CL/CLP. Strongest association was found with CP for three FGFRI
haplotypes - rs7829058-rs13279569 (CG) (p value = 0.0331x107), rs6996321-
157829058 (GC) (p value = 0.0021x10™*) and rs6996321-rs7829058-rs13279569-
rs328300 (GCGT) (p value = 0.0026x10™*), which were associated with higher risk

t00.
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In the Table 3.5. best results of haplotype analysis of WNT3 gene are
presented.

Strongest association between CL/CLP and WNT3 gene haplotypes were
found for rs199496-rs11658976-rs11655598-rs12452064-rs199494 (GAGGA) (p
value = 0.0248x10™%), rs11655598-rs12452064-rs199494-rs7218567-rs111769
(GGACT) (p value = 0.0034x10®), rs11658976-rs11655598-rs12452064-rs199494-
157218567 (AGGAC) (p value = 0.0084x10”) and rs11655598-rs12452064 (GG) (p
value = 0.0098x10”°), which were associated with increased risk for this cleft
phenotype. Strongest association with CP and WNT3 gene was found for haplotypes
1s11655598-rs12452064 (GG) (p value = 0.0049x10'%), rs11655598-rs12452064-
1$199494-157218567-rs111769 (GGACT) (p value = 0.0006x10®), rs11655598-
rs12452064-rs199494-rs7218567 (GGAC) (p value = 0.0366x10"°), rs11655598-
rs12452064-rs199494 (GGA) (p value = 0.0041x10”) and rs11658976-rs11655598
(AG) (p value = 0.0078x10”). All haplotypes were associated with higher risk for CP.
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After performing haplotype-based association analysis within LD blocks for
all genes, all together 114 different haploblocks were generated compared CL/CLP
patients and controls and 111 haploblocks - compared CP patients and controls. Only
one haplotype in FGFI gene showed strong association (p value <0.0001) with
CL/CLP, but not with CP.

Haplotype rs34002-rs250092-rs34010-rs250103-rs34013 (TGGAT), which
was associated with higher risk of this cleft phenotype, is shown in the Table 3.6.

Table 3.6.
Results of haplotype analysis within LD blocks in FGF1 gene associated with
CL/CLP
Haplo Frequency
SNP~A1 | SNP2 SNP 3 SNP 4 SNP 5 p-value
-type Cases | Controls
* 1S- 1S- rs- 1s- IS- * * *
C 134002 |250092 | 34010 |[250103 | 34013
H1 il G G A T 0.105 | 0.001 0.0082x10”
H2 T G T A T 0.222 | 0.359 0.0007

H1 - haplotype 1; H2 - haplotype 2
~ SNP - single nucleotide polymorphism; * Empty cell
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3.2, Genotyping with MALDI-TOF technology

3.2.1. BCL3 gene

Eight markers were selected for genotyping with MALDI-TOF technology
and three SNPs (rs2927457, rs11671085, and rs2306148) were not informative,
therefore were not considered for further analysis.

To perform case-control association study five SNPs in BCL3 gene were
analyzed for 129 non-syndromic cleft lip and cleft lip with or without cleft palate
(CL/CLP) patients, 39 non-syndromic cleft palate (CP) patients and 335 unrelated
unaffected individuals as control group in Latvian population. In order to analyze
these markers in another population from European origin, 606 DNA samples from a
Brazilian population (294 non-syndromic CL/CLP cases, 44 CP cases and 268
unrelated and unaffected individuals with no family history of CL/CLP/CP) were
studied. Transmission disequilibrium test (TDT) was performed for 109 trios (affected
sib with both parents), out of all 85 sibs and their parents were divided in CL/CLP
group and 24 trios - in CP group. After data quality cleaning for case-control analysis
28 individuals from CL/CLP group (14 idividuals from cases and 14 individuals from
controls) and 22 individuals from CP group (eight individuals from cases and 14
individuals from controls) in Latvian population were removed because of individual
missingness treshold of <10%. The overall genotype rate was 100%. After performed
data cleaning in Brazilian population, 20 CL/CLP patients, two CP patients and 76
individuals from controls were excluded because of individual missingness treshold
of <10%. The overall genotype rate was ~90%. After data cleaning for family based
association analysis (TDT test) 32 individuals from CL/CLP group (nine individuals
from cases and 23 individuals from controls) and 15 individuals from CP group (four
individuals from cases and 11 individuals from parents as controls) in Latvian
population were removed based on individual missingness treshold of <10%. The
overall genotype rate was 100%.

In the Table 3.7. results for case-control comparisons with CL/CLP and CP in
Latvian population are showed, while in Table 3.8. results of single marker
association analysis with CL/CLP and CP in Brazilian population are showed.

We did not find any significant association of analyzed markers in BCL3 gene

between CL/CLP or CP cases and controls in population from Latvia or Brazil. The

mlﬁln_—&_——




only suggestive evidence for association was for SNP rs10401176 with CL/CLP in
the Latvian cohort (p-value = 0.042; OR = 0.609; 95% CI = 0.377-0.986) where allele

A was associated with decreased risk for non-syndromic CL/CLP, but it was not

significant after Bonferroni correction.
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Haplotype based association analysis was performed to find any possible
association with CL/CLP and CP in Latvian and Brazilian populations.

The strongest associations with CL/CLP in Latvian population were found for
BCL3 gene haplotypes rs7257231-rs10401176-rs810315-rs1979377 (AGTT) (p-value
= 0.0005), rs7257231-rs10401176-rs810315 (AGT) (p-value = 0.0006), rs7257231-
rs10401176-rs810315-rs1979377-rs2927456 (AGTTT) (p-value = 0.0007) and
rs10401176-rs810315-rs1979377 (GTT) (p-value = 0.0009), which were associated
with an increased risk of CL/CLP.

Table 3.9. shows best results of haplotype analysis (p value <0.001) with
CL/CLP in BCL3 gene. All results of performed analysis are shown in Appendix 5.

Haplotype rs7257231-rs10401176 (TA) showed weak association with CP (p-
value = 0.0345) in Latvian population and it was associated with lower risk of this
cleft phenotype (see Appendix 6).

Haplotype analysis in Brazilian population showed that haplotypes
rs10401176-rs810315 (GG) (p-value = 0.0078), rs7257231-rs10401176-rs810315
(TAG) (p-value = 0.0321) and rs10401176-rs810315-rs2927456 (GGC) (p-value =
0.0357) revealed borderline association with CP, but haplotypes did not showed
significant association with CL/CLP (see Appendix 7 and Appendix 8).

The transmission disequilibrium test was carried out in Latvian non-syndromic
CL/CLP and CP individuals and their parents in order to identify transmission

distortions. No association was found for any analyzed markers with CL/CLP or CP.

Obtained results are presented in Table 3.10.
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3.3. Genotyping using TagMan chemistry

3.3.1. 19q13 locus

In present study were analyzed seven markers in 19q13 locus, which contains
PVR, BCL3, PVRL2 and CMPTM]I genes. We performed case control comparisons
for all seven markers between 113 non-syndromic CL/CLP/CP patients (86 patients
with CL/CLP and 27 patients with CP only) and 148 unrelated and unaffected
individuals as controls in Latvian population. Transmission disequilibrium test (TDT)
was performed for 66 trios (affected sib with both parents), out of all 52 sibs and their
parents were divided in CL/CLP group and 14 trios - in CP group. After data quality
cleaning one marker was excluded based on HWE test (p value <0.05), for case-
control analysis 7 individuals from CL/CLP group (1 idividual from cases and 6
individuals from controls) and 8 individuals from CP group (2 individuals from cases
and 6 individuals from controls) were excluded because of individual missingnes
<10%. The overall genotype rate was 100%. After data quality cleaning for family
based association analysis 3 individuals from CL/CLP group (1 individual from cases
and 2 individuals from parents as controls) and 2 individuals from CP group (1
individual from cases and 1 individual from parents as controls) were removed based
on individual missingnes <10%. The overall genotype rate was 100%.

Table 3.11. presents results for case-control analysis with CL/CLP and CP in
Latvian population.

We did not find any significant association of analyzed markers in 19q13
locus between CL/CLP or CP cases and controls.

In present study haplotype based association analysis in 19q13 locus was
performed. We did not find any association of analyzed haplotypes with CL/CLP in
Latvian population. Haplotypes rs419010-rs2075620 (CG) (p-value = 0.0156),
rs419010-rs2075620-rs875255 (CGC) (p-value = 0.0161), 1rs2927438-rs419010-
rs2075620-rs875255 (GCGC) (p-value = 0.0279) and rs2927438-rs419010-rs2075620
(GCG) (p-value = 0.0305) showed very weak association with CP and these
haplotypes were associated with an increased risk of CP (see Appendix 9 and
Appendix 10).

The transmission disequilibrium test was carried out in Latvian non-syndromic

cleft lip with or without cleft palate and isolated cleft palate individuals and their
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parents in order to identify transmission distortions. Borderline association was found
only for one marker in BCL3 gene (rs10421283) (p-value = 0.0477) with CL/CLP but
not with CP, which did not remain significant after Bonferroni correction. Obtained

results are presented in Table 3.12.
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3.3.2. BMP4 gene

To perform case-control comparisons in BMP4 gene three SNPs were
analyzed for 127 cleft lip with or without cleft palate (CL/CLP) patients, 37 cleft
palate (CP) patients and 190 unrelated and healthy individuals with no family history
of non-syndromic CL/CLP/CP as controls in Latvian population. Transmission
disequilibrium test was performed for 65 trios (affected sib with both parents), out of
all 38 sibs and their parents were divided in CL/CLP group and 27 trios - in CP group.
After data quality cleaning for case-control analysis 14 individuals from CL/CLP
group (8 idividuals from cases and 6 individuals from controls) and 8 individuals
from CP group (2 individuals from cases and 6 individuals from controls) in Latvian
population were removed because of individual missingness treshold of <10%. The
overall genotype rate was 100%. After data cleaning for TDT test 2 individuals from
CL/CLP group (1 individual from cases and 1 individual from parents as controls) and
13 individuals from CP group (2 individuals from cases and 11 individuals from
parents as controls) in Latvian population were removed based on individual
missingness treshold of <10%. The overall genotype rate was 100%.

Table 3.13. presents results for case-control comparisons with CL/CLP and
CP in Latvian population.

The strongest association with CL/CLP was found for SNP rs2071047, where
the allele A was associated with decreased risk (p-value = 0.0087; OR = 0.63; 95% CI
= 0.446-0.891) for CL/CLP. Obtained association remained statistically significant
after Bonferroni correction. SNP rs17563 showed borderline association (p-value =
0.0178; OR = 0.666; 95% CI = 0.476-0.933) with CL/CLP, which did not remain
significant after correction for multiple testing. Allele A was associated with
decreased risk for CL/CLP. We did not find any association of analyzed SNPs in
BMP4 gene with isolated CP.
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Haplotype based association analysis was performed to find any additional

possible association in BMP4 gene with CL/CLP and CP in Latvian population.
In the Table 3.14. results of haplotype analysis associated with CL/CLP in

BMP4 gene are presented.
Table 3.14.
Results of haplotype analysis associated with non-syndeomic CL/CLP
in BMP4 gene
Haplotype SNP~ 1 SNP 2 SNP 3 Frequency P value
Cases Controls

* rs17563 1s2071047 | rs1957860 | * * *
WIN1 A A C 0.058 0.115 0.0184
WIN1 G G T 0.29 0.236 0.134
WINI1 A A T 0.247 0.297 0.1821
WIN1 G G C 0.366 0.325 0.2955
WIN1 A G T 0.039 0.028 0.4606
* 1517563 rs2071047 | * * * *
WIN1 A A = 0.303 0.408 0.0087
WINI G G * 0.651 0.554 0.0177
WIN1 A G * 0.046 0.038 0.6212
* rs2071047 | rs1957860 | * * * *
WIN2 A C * 0.057 0.114 0.0165
WIN2 G T b 0.325 0.261 0.0855
WIN2 A T * 0.246 0.294 0.2003
WIN2 G C ' * 0.372 0.332 0.3072
WIN1 - sliding window 1; WIN2 - sliding window 2
~SNP - single nucleotide polymorphism; * Empty cell

The strongest association with CL/CLP was found for haplotype rs17563-
rs2071047 (AA) (p-value = 0.0087) which was associated with decreased risk for the
disease. Two additional haplotypes rs2071047-rs1957860 (AC) (p-value = 0.0165)
and rs17563-rs2071047-rs1957860) (AAC) (p-value = 0.0184) also were associated
with CL/CLP, where both haplotypes showed protective effect for disease.

Haplotype analysis did not show any association with CP and obtained results

are shown in Table 3.15.
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Table 3.15.

Results of haplotype analysis associated with non-syndromic CP in BMP4 gene

I Frequency
Haplotype SNP” 1 SNP 2 SNP 3 p-value
Cases Controls

* rs17563 rs2071047 | rs1957860 | * * *
WIN1 A G T 0 0.027 0.164
WIN1 G G C 0.383 0.319 0.2931
WIN1 A A T 0.24 0.291 0.3826
WINI A A C 0.146 0.121 0.5655
WIN1 G G T 0.231 0.242 0.8455
X rs17563 rs2071047 * * *
WINI A G * 0 0.038 0.0972
WIN1 G G * 0.614 0.554 0.354
WIN1 A A * 0.386 0.408 0.7322
¥ rs2071047 | rs1957860 | * * * *
WIN2 G C * 0.381 0.326 0.3674
WIN2 A T * 0.238 0.288 0.3991
WIN2 A C * 0.147 0.12 0.5233
WIN2 G T * 0.233 0.267 0.558

WINI - sliding window 1; WIN2 - sliding window 2
~ SNP - single nucleotide polymorphism; * Empty cell

The transmission disequilibrium test was carried out in Latvian non-syndromic

cleft lip with or without cleft palate and isolated cleft palate individuals and their

parents to identify transmission distortions. We found borderline association between

SNP rs1957860 (p value = 0.0455; OR = 3.0; 95% CI = 0.968-9.302) and CP. No

association was found for any analyzed markers with CL/CLP. Obtained results are

presented in Table 3.16.
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3.3.3. IRF6 gene

We performed case-control analysis in /RF6 gene seven SNPs for 85 cleft lip
and cleft lip with or without cleft palate (CL/CLP) patients, 27 cleft palate (CP)
patients and 148 unrelated unaffected individuals as controls in Latvian population.
Transmission disequilibrium test was performed for 63 trios (affected sib with both
parents), out of all 49 sibs and their parents were divided in CL/CLP group and 14
trios - in CP group. After data quality cleaning for case-control analysis one marker
was excluded based on HWE test (p value<0.05), 5 individuals from controls and 1
patient from CP group were removed because of individual missingnes <10%. The
overall genotype rate was 100%. After data cleaning for TDT test 1 individual from
CP group (1 individual from parents as controls) in Latvian population were removed
based on individual missingness treshold of <10%. The overall genotype rate was
100%.

Table 3.17. presents results for case-control comparisons with CL/CLP and
CP in Latvian population.

The strongest association with CL/CLP was found for SNP rs658860, where
the allele T was associated with decreased risk (p-value = 0.0244x10>; OR = 0.412;
95% CI = 0.272-0.625) for CL/CLP. Obtained association remained statistically
significant after Bonferroni correction. SNP rs642961 showed strong association (p-
value = 0.0019; OR = 2.141; 95% CI = 1.315-3.488) with CL/CLP, which also remain
significant after correction for multiple testing. Allele G was associated with
decreased risk for CLP/CP. Similar results were obtained for rs658860 with CP (p-
value = 0.0378x107; OR = 0.412; 95% CI = 0.036-0.289), where allele T was also

associated with decreased risk for disease and the association reamained significant

after Bonferroni correction.
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Haplotype based association analysis was performed to find any additional
possible association with CL/CLP and CP in Latvian population.

The strongest associations with CL/CLP were found for nine /RF6 haplotypes
- rs642961-rs658860 (GC) (p value= 0.0093x107'), rs2073487-rs642961-rs658860
(TGC) (p value= 0.0078x10°®), rs861019-rs2073487-rs642961-rs658860 (GTGC) (p-
value = 0.0131x10®), rs2013162-rs861019-rs2073487-rs642961-rs658860 (CGGC)
(p-value = 0.0155x107), rs2073487-rs642961-rs658860 (CGC) (p-value = 0.0085x10"
%), rs861019-rs2073487-rs642961-rs658860 (2212) (p-value = 0.0113x10™) and
1s2013162-rs861019-rs2073487-rs642961-rs658860 (AACGC) (p-value = 0.0114x10"
#), which were associated with an increased risk for CL/CLP, but rs642961-rs658860
(GT) (p-value = 0.0244x10%) and 1s2013162-rs861019 (CA) (p-value = 0.009), which
were associated with lower risk of CL/CLP.

Table 3.18. shows best results of haplotype analysis (p-value <0.001) in /RF6
gene between CL/CLP patients and controls. All results of performed analysis are
shown in Appendix 11.

We found very strong association for two IRF6 haplotypes, where one
haplotype rs642961-rs658860 (GT) (p-value = 0.0378x10°) was associated with
higher risk of this CP and other haplotype rs642961-rs658860 (GC) (p-value =
0.0195x10™) was associated with lower risk for CP.

In the Table 3.19. best results of haplotype analysis (p-value <0.001) in IRF6

gene between CP patients and controls are presented. All results of haplotype analysis

are shown in Appendix 12.
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We performed transmission disequilibrium test to identify transmission
distortions between Latvian non-syndromic CL/CLP/CP individuals and their parents.
We found strong association with CP for rs642961 (p-value = 0.0039; OR = 0.091;
95% CI = 0.012-0.704), which remain significant after correction for multiple testing,
but borderline association was found between rs658860 (p-value = 0.0067; OR = 0.1;
95% CI=0.013-0.781) and CP. Both markers were associated with lower risk for CP.
The same markers showed significant association with CL/CLP, but they were
associated with increased risk for CL/CLP phenotype (rs642961 (p-value = 0.0035;
OR = 3.143; 95% CI = 1.343-7.357), rs658860 (p-value = 0.0054; OR = 3.0; 95% CI

= 1.275-7.057)) even after Bonferroni correction. Table 3.20. presents all results of

transmission distortion in /RF6 gene for Latvian CL/CLP and CP individuals.
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4. DISCUSSION

Many genes are involved and regulate the development of the craniofacial
region. Different growth factors (e.g., FGFs, TGFs, PDGFs, EGFs, BMPs and
respective receptors), signaling molecules (e.g., WNT family, SHH and respective
receptors), cell adhesion molecules (PVRL1) and transcription factors (e.g., MSX,
DLX, LHX, PRRX and BARX family and respective receptors) are encoded by genes
which might be involved in the development of non-syndromic cleft lip with or without
cleft palate and isolated cleft palate. The human fibroblast growth factors (FGFs) and
their cell surface receptors (FGFRs) are a complex family of signaling molecules, that
play important roles in a variety of processes of embryogenesis and tissue homeostasis
(Itoh and Ornitz, 2004; Chen and Deng, 2005; Dailey et al., 2005; Eswarakumar et al.,
2005; Krivicka-Uzkurele et al., 2008). Riley et al. (2007a) performed genome-wide
linkage scan in 220 multiplex extended Filipino kindreds for cleft lip with or without
cleft palate and identified a novel region at 8p11-23 that is likely to be involved in non-
syndromic cleft lip with or without cleft palate. Genes within this region, including
FGFRI gene, which is localized at 8p12, are considered as possible candidate genes for
non-syndromic CL/CLP or CP. Genetic variations in FGFRI gene in interaction with
non-syndromic CL/CLP or CP have been analyzed in many populations, but observed
results are controversial between different populations and races (Riley, 2007a, 2007b;
Menezes et al., 2008; Mostowska, 2010; Butali, 2011; Wang, 2011). In our study, after
performing the single marker association analysis, one marker in FGFRI gene
(rs7829058) showed the strongest evidence of association with both non-syndromic
cleft lip and cleft lip with cleft palate (p-value = 0.0024x10”; OR = 7.991; 95% CI =
3.435-18.59) and isolated cleft palate (p-value = 0.0002x10; OR = 13.16; 95% CI =
4.93-35.1), which remained significant after Bonferroni correction. We performed
haplotype analysis of FGFRI gene and observed the association with non-syndromic
isolated cleft palate. In another study to enlarge the study population, we pooled
together our samples with samples from Estonia and Lithuania. Results of this study
showed that SNP rs7829058 is associated with non-syndromic CL/CLP, but the
association did not remain significant after Bonferroni correction (p-value = 0.0137; OR
= 1.457; 95% CI = 1.079-1.968) (Nikopensius et al., 2011). Single marker association
analysis in FGF1 gene showed that SNP rs34010 (p-value = 0.0002; OR = 0.485; 95%
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CI = 0.331-0.71) is associated with protective effect for non-syndromic CL/CLP, but
this association did not reach significant results after Bonferroni correction. When we
compared isolated cleft palate samples with control samples, we found that SNP
rs34016 in FGFI gene is associated with increased risk for CP (p-value = 0.006, OR =
2.934; 95% CI = 1.322-6.512), however this association also did not remain significant
after correction for multiple comparisons. Haplotype analysis in FGF1 gene showed
positive association with non-syndromic CL/CLP, but not with CP phenotype. Riley et
al. (2007a) performed study, where they found that both linkage and association results
were positive (recessive multipont HLOD = 1.07) for markers in FGFRI gene. The
same author in other study (2007b) sequenced the coding regions and performed
association testing on 12 genes (FGFRI1, FGFR2, FGFR3, FGF2, FGF3, FGF4, FGF7,
FGF8, FGF9, FGF10, FGF18, and NUDT6) in population from Iowa and Philippine
and used protein structure analyses to predict the function of amino acid variants. They
identified few likely disease-causing mutations, including one nonsense mutation
(R609X) in FGFRI and other missense variants in FGFRI, FGFR2 and FGFR3 genes.
Structural analysis of FGFRI variants suggested that identified mutations would impair
the function of the proteins through different mechanisms. They also performed SNPs
genotyping and found an association between non-syndromic CLP and SNP rs13317 in
FGFRI gene (p-value = 0.03). The case-control study results in Brazilian population
performed by Menezes et al. (2008) partially corroborate the association data, presented
by Riley et al. (2007b), in which several genes including FGFRI gene, demonstrated a
trend for association with non-syndromic CLP with or without dental anomalies.
Differencies in the frequencies of the alleles of each polymorphism between cases and
controls by each cleft subphenotype were assessed by using OR and 95% CI and they
found modest association between SNP rs13317 and right unilateral CLP with tooth
agenesis. Mostowska et al. at 2010 published the study, where authors analyzed genes
encoding transcription factors such as FGF10 and FGFRI in Polish population. They
analyzed two SNPs (rs6987534 and rs328300) in FGFRI gene for allelic association,
but none of both SNPs were associated with non-syndromic CL/CLP or CP. These
markers were analyzed in our study, but we did not find any association between both
markers and non-syndromic CL/CLP or CP in our population. Only evidence that these
markers could be involved in the etiology for non-syndromic CL/CLP or CP in Latvian
population, were results of haplotype analysis, where haplotypes of FGFRI gene
including both SNPs, showed increased risk for non-syndromic CL/CLP and CP

m 87
R,




phenotype. Very similar results were found by Wang et al. at 2011 after testing SNPs in
10 genes coding for fibroblast growth factors and their receptors (including FGF2 and
FGFRI gene) in Asian and Maryland case-parent trios ascertained through a child with
non-syndromic CL/CLP. They found that FGFRI yielded evidence of linkage and
association in the TDT, confirming previous evidence. Haplotypes consisting of three
SNPs (rs6987534, rs6474354 and rs10958700) in FGFRI gene were nominally
significant among Asian trios similarly to haplotype based association results found in
our study. Negative association results were found by Butali et al. at 2011 after
performing genotype association studies and direct sequencing on the FGFRI and
FGFR?2 genes in Nigerian population. These results can be explained by cleft etiology
between different races. The prevalence of CL/CLP/CP in Africa has been reported as
relatively lower compared to other populations.

SK1 is a proto-oncogene that is required for development of the central nervous
system and skeletal muscle, and is involved in specifying selected cranial neural-crest-
derived craniofacial structures (Berk et al., 1997). Relatively few of the studies exist on
SKI gene and its possible role in the development of CL/CLP or CP. Vieira et al. (2005)
reported direct sequencing approach to study 20 candidate genes in Philippines for non-
syndromic cleft lip with or without cleft palate and the sequencing results suggested that
rare point mutations in FOXEI, GLI2, JAG2, LHXS, MSXI, MSX2, SATB2, SPRY2,
TBX10 and SKI gene may be causes of non-syndromic CL/CLP and the linkage
disequilibrium data supported a larger, not yet specified, role for variants in or near
MSX2, SKI or JAG2 genes. To identify genetic variants within the SK7 gene and
investigate the potential association between SKI polymorphisms and risk for orofacial
clefts, Lu with colleagues (2005) re-sequenced the gene. They identified one novel
polymorphism (257C>QG) in exon 1, which was associated with the decreased risk (OR
= 0.6; 95% CI = 0.3-1.0) for non-syndromic CL/CLP in Californian population. This
SNP is located very close to the promoter region so it is possible that this may be in
linkage disequilibrium with sequence variants in upstream regulatory regions. In our
study we analyzed twenty SNPs in SK7 gene, which is located at 1q22-q24, for allelic
association with non-syndromic CL/CLP or CP. SNP rs16824948 was significantly
associated with non-syndromic CL/CLP (p-value = 0.0013x10™; OR = 6.37; 95% CI =
4.039-1.07) and CP (p-value = 0.0011x107; OR = 6.777; 95% CI = 3.577-12.84), where
the allele T was associated with increased risk for CL/CLP and CP and this association

remained significant after correction for multiple testing. We performed haplotype
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analysis and the results of this analysis showed similar results. Unfortunately after

pooling data together with Estonians and Lithuanians in our previously published study,
we did not observe any significant (p-value <0.05) association with analyzed markers in
SKI gene and CL/CLP, but SNP rs12562937 showed borderline association with CP (p-
value = 0.0143; OR = 0.534; 95% CI = 0.321-0.889), which did not remain significant
after Bonferroni correction (Nikopensius et al., 2010; Nikopensius et al., 2011). Our
results support previous positive findings for SK7 gene role in the etiology of non-
syndromic CL/CLP/CP, but additional studies are necessary to replicate obtained results
in other populations.

It has been discovered that Wnt signalling pathway plays a crucial role in
craniofacial development, and three previously reported studies have concluded that
genetic variations in WNT3 and WNT9B genes might be associated with CL/CLP/CP in
humans in different populations (Chiquet, 2008; Menezes, 2010; Mostowska, 2012).
Twenty-nine single nucleotide polymorphisms in WNT3 and WNT9B genes, located in
17921, were analyzed in our study for association with non-syndromic CL/CLP and CP
in case-control population. One marker in WNT3 gene (rs11655598) showed the
strongest evidence of association with both non-syndromic CL/CLP (p-value =
0.0053x10™"; OR = 5.925; 95% CI = 3.593-9.772) and isolated cleft palate (p-value =
0.0039x10"!; OR = 9.495; 95% CI = 4.879-18.34). This association remained
significant after Bonferroni correction. Haplotype based association analysis supports
this finding as well. Chiquet et al. (2008) analyzed thirty-eight SNPs in seven WNT
family genes (WNT3, WNT3A, WNT5A, WNT7A4, WNT8A, WNT9B and WNTII) in
Hispanic and European American population and SNPs in three genes (WNT34,
WNT5A and WNT11) were significantly associated with non-syndromic CL/CLP after
correction for multiple testing. Multiple haplotypes in WNT family genes were
associated with non-syndromic CL/CLP too. Menezes et al. (2010) performed analysis
for thirteen SNPs spanning six WNT genes (WNT3, WNT3A, WNT5A, WNT84, WNT9B
and WNT11) based on recent publications regarding confirmed associations with non-
syndromic cleft lip with or without cleft palate in humans (Chiquet et al., 2008) or in
animal models (Juriloff et al., 2005; Juriloff et al., 2006; Lan et al., 2006) to test for
association with CL/CLP and CP subphenotypes in Brazilian population. They found
that individuals carrying variant alleles in WNT3 presented an increased risk for “all
clefts” (CL/CLP/CP) and cleft lip and cleft lip with or without cleft palate (CL/CLP).
SNP rs142167, located in the 5’UTR of WNT3 gene, showed association with the
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phenotype “all clefts” (p-value = 0.0003; OR = 1.61; 95% = 1.29-2.02), cleft lip with
palate (CLP) (p-value = 0.001; OR = 1.6; 95% CI = 1.26-2.02) and “unilateral CLP” (p-
value = 0.002; OR = 1.65; 95% = 1.27-2.13). Under a nominal value of 0.05, SNP
rs9890413 in the same gene also showed an association with “all clefts” (p-value =
0.03; OR = 1.46; 95% CI = 1.12-1.74), with CLP (p-value = 0.02; OR = 1.46; 95% CI =
1.16-1.84) and “unilateral CLP” (p-value = 0.04; OR = 1.46; 95% CI = 1.13-1.89) but
SNP 1s142167 in WNT3 was associated with “unsuccessful bilateral” cleft
subphenotype (p-value = 0.03; OR = 1.57; 95% CI = 1.17-2.11). The results of the
haplotype analysis also supported the associations found for the single SNPs. We
analyzed two SNPs (rs111769 and rs2165846) described in previously mentioned
studies (Chiquet et al., 2008; Menezes et al., 2010) and SNP rs111769 was associated
with non-syndromic CP (p-value = 0.0195; OR = 1.931; 95% CI = 1.105-3.374). This
association however did not remain significant after Bonferroni correction. Mostowska
et al. (2012) analyzed fourteen SNPs in six WNT genes (WNT3, WNT3A4, WNTS5A,
WNT84, WNT9B and WNTII) and authors found that one WNT3 gene variant
rs3809857 revealed a significant association with the risk of non-syndromic cleft lip and
cleft lip with or without cleft palate (CL/CLP) whereas allele T was associated with
decreased risk for clefts in Polish population (p-value = 0.015; OR = 0.492; 95% CI =
0.276-0.879). Moreover, haplotype analysis revealed that WNT3 is significantly
associated with non-syndromic CL/CLP. Three SNPs (rs12452064, rs2165846 and
rs4968282), analyzed in Polish population, were also included in our study also, but
none of them showed any significant association with non-syndromic CP in both
Latvian and Polish populations (p-value >0.05). SNP rs4968282 showed borderline
association with non-syndromic CL/CLP (p-value = 0.0444; OR = 0.654; 95% CI =
0.431-0.991) in our population, but observed association did not remain significant after
multiple testing. This finding was not confirmed in Polish population. In the Baltic
study SNP rs11653738 in WNT3 gene showed association with CP, but it lost its
significancy after correction for multiple testing (p-value = 0.0064; OR = 1.518; 95% CI
= 1.123-2.053 (Nikopensius et al., 2010). Two SNPs (rs4968282 and rs1105127) in
WNT9B gene showed association with non-syndromic CL/CLP (p-value = 0.0013; OR =
0.688; 95% CI = 0.548-0.865 and p-value = 0.0377; OR = 1.239; 95% CI = 1.012-
1.518, respectively), which did not remain significant after Bonferroni correction
(Nikopensius et al., 2011). Our results further support previous findings that WNT3 gene

is one of the susceptibility genes for non-syndromic CL/CLP/CP in Caucasians.
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Linkage and association studies in different populations showed significant
association with 19q13 locus also called OFC3 (orofacial 3) locus containing number of
following genes, PVR, PVRL2, BCL3, and CLPTMI, but results were controversial
(Stanier and Moore, 2004; Wyszynski et al., 1997; Martinelli et al., 1998; Beaty et al.,
2001; Fujita et al., 2004; Morkuniene et al., 2007; Park et al., 2009). In this study, we
tested SNPs in BCL3, CLPTM1, PVR and PVRL?2 genes in families and individuals from
Latvia for association with CL/CLP and CP. BCL3 polymorhisms were also tested in
study involving non-syndromic CL/CLP and CP patients and controls from Brazil. We
did not find any significant association after correction for multiple testing of analyzed
markers in 19q13 locus and CL/CLP or CP phenotypes compared cases and controls in
Latvian population, or between SNPs in BCL3 gene and non-syndromic CL/CLP or CP
in Brazilian population. Only indication of possible association was found between
BCL3 SNP rs8103315 (p-value = 0.0396; OR = 0.245; 95% CI = 0.058-1.04) and CP,
and between BCL3 SNP rs4803750 (p-value = 0.0449; OR = 0.496; 95% CI = 0.247-
0.996) and CL/CLP (see Appendix 4), but obtained association did not remain
significant after Bonferroni correction. Haplotype analysis in BCL3 gene showed strong
association with CL/CLP in Latvian population and borderline association with CP in
Brazilian population. Despite the possitive association between haplotypes and non-
syndromic CL/CLP and CP, but no significant association between single marker and
CL/CLP or CP, means that haplotypes in BCL3 gene probably do have some functional
effect, which have to be clarified. Such marginal results in Brazilian individuals were
not unexpected. A previous study with Brazilian families did not observe any
suggestion of transmission disequilibrium between BCL3 and non-syndromic cleft lip
with or without cleft palate (Gaspar et al., 2002). Family based association studies are
less sensitive than population based association studies and if any possitive association
is found from family studies, it will provide strong evidence. We have also performed
transmission desequilibrium test (TDT) in Latvian non-syndromic CL/CLP and CP
individuals and their parents in order to identify transmission distortions. Only SNP
rs10421283 in BCL3 gene showed borderline association (p-value = 0.0477) with
CL/CLP, but not with CP. These findings corroborate previous studies, where an excess
of parental transmission of BCL3 alleles to cleft probands were detected (Maestri et al.,
1997; Park et al., 2009). Warrington et al. (2006) studied 19q13 locus and they found an
association between non-syndromic cleft lip with or without cleft palate and the PVR

gene in two independent populations (Jowa and South America) that remained
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significant after correction for multiple testing. We however did not find any association
between markers in PVR and PVRL2 genes and non-syndromic CL/CLP or CP in
Latvian population, similar to Danish and Italian populations (Warrington et al., 2006;
Pezzetti et al., 2007). In the Baltic study two markers in PVRL2 gene (rs519113 and
1s2075642) showed association with CL/CLP, but this association did not remained
significant after Bonferroni correction (p-value = 0.0039; OR = 0.702; 95% CI = 0.552-
0.894 and p-value = 0.0206; OR = 1.347; 95% CI = 1.046-1.733, respectively)
(Nikopensius et al., 2011). SNP rs6859 in PVRL2 gene and two SNPs (rs5127 and
rs16979595) in CLPTMI gene showed association with cleft palate, but lost its
association after correction for multiple testing (p-value = 0.0472; OR = 1.35; 95% CI =
1.003-1.816, p-value = 0.0146; OR = 1.494; 95% CI = 1.081-2.064, p-value = 0.0288;
OR = 1.457; 95% CI = 1.038-2.046, respectively) (Nikopensius et al., 2010). If the
19913 locus has some impact in the development of non-syndromic CL/CLP or CP then
only as a low penetrance or as a modifier locus.

There are few studies reported in humans regarding to BMP4 gene showing
positive association with non-syndromic CL/CLP or CP. Results of meta-analysis of 13
genome scans identified six regions on five chromosomes with HLODs >3.2 and one of
these regions was at 14q21-25 displaying evidence of linkage with non-syndromic cleft
lip with or without cleft palate (Marazita et al., 2004). Based on this discovery, Lin et al.
(2008) performed case-control study of BMP4 gene polymorphisms and found
association between 538T/C polymorphism (rs17563) and non-syndromic CL/CLP in
Chinese population. The results showed that the 538C allele carriers were associated
with a significantly increased risk of non-syndromic CL/CLP compared with the
noncarriers (p-value = 0.005; OR = 1.52; 95% CI = 1.13-2.03). There is a study, where
mutation analysis of BMP4 gene have been performed, and it showed significant
overrepresentation of BMP4 mutations in cases with a range of lip and orbicularis oris
muscle (OOM) defects and an absence of mutations in more than 500 control samples.
These findings support a role for BMP4 in the pathogenesis of non-syndromic cleft lip
with or without cleft palate (Suzuki et al., 2009). Suazo et al. (2010) analyzed the
association between BMP4 gene three SNPs (rs762642, rs2855532 and rs1957860) and
non-syndromic CL/CLP in 150 unrealated trios from Chilean population. Obtained
results showed that there are no significant transmission distortions for individual SNPs
as it was observed for haplotypes rs1957860-1s762642 (T-T (p-value = 0.018) and C-T
(p-value = 0.015)). Thus, despite the positive association detected between these
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haplotypes and non-syndromic clefts, associated haplotypes probably do not have a
functional effect on BMP4 expression or protein activity, but possibly reflect non-
syndromic cleft lip with or without cleft palate susceptibility changes, which are in
linkage disequilibrium with these polymorphisms. These findings support a role for
BMP4 in non-syndromic cleft lip with or without cleft palate in the admixed Chilean
population. In the present study after performing case-control comparisons, we found
association between genetic variations in BMP4 gene and CL/CLP, but not with CP.
The strongest association with CL/CLP was found for SNP rs2071047, which is located
in intron 4, where the allele A was associated with decreased risk (p-value = 0.0087; OR
= 0.63; 95% CI = 0.446-0.891) for CL/CLP. Obtained association remained statistically
significant after Bonferroni correction. SNP rs17563, which is located in exon 5,
showed only the borderline association (p-value = 0.0178; OR = 0.666; 95% CI =
0.476-0.933) with CL/CLP. Allele A was associated with decreased risk for CL/CLP.
Haplotype analysis showed similar results to association analysis - no association was
found between haplotypes in BMP4 gene and isolated cleft palate phenotype, but two
haplotypes showed protective effect for non-syndromic CL/CLP. Transmission
disequilibrium test performed to detect any transmission distortions in Latvian trios
showed controversial results compared to the single marker association. No association
was found between SNPs in BMP4 gene and CL/CLP as it was described in case-
control study, but SNP rs1957860, which is located ~ 6kb downstream of gene, showed
borderline association with isolated CP (p-value = 0.0455; OR = 3.0; 95% CI = 0.968-
9.302). Our results support previous findings that BMP4 gene plays significant role in
the development of non-syndromic CL/CLP and CP. Obtained results showed that
BMP4 gene could be involved in the development of non-syndromic cleft palate (CP) as
a contributor, but it could have protective effect in the susceptibility for non-syndromic
cleft lip and cleft lip with or without cleft palate (CL/CLP).

There are many studies regarding to IRF6 as one of the main genes in the
development for non-syndromic CL/CLP/CP. In the present study we found strong
association between IRF6 gene SNPs and non-syndromic CL/CLP and CP. The
strongest association with CL/CLP and CP was found for SNPs rs658860 and rs642961,
both located ~10-11 kb downstream of the IRF6 gene. Observed association was
strongly confirmed by case-control analysis, haplotype analysis and transmission
disequilibrium test. Recent study in Chinese population showed association between

IRF6 gene SNP 152235371, located in exon 6, where TDT and HHRR (haplotype-based
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haplotype relative risk) analysis showed association with non-syndromic cleft lip (CL)

(Li et al., 2012). The same SNP was analyzed in our study, but we did not find any
association with CL/CLP/CP. These results could be explained by the fact that we did
not performed case-control comparisons between cleft lip (CL) individuals and controls.
It is possible that SNP rs2235371 could be associated with CL in Latvian population,
but sample size in the present study is too small to test it. Classically, cleft lip only and
cleft lip with cleft palate are categorized together because these two phenotypes are ‘
thought to have the same genetic etiology, whereas isolated cleft palate have different
genetic background (Harville, 2005), but obtained results in recent studies suggest that
cleft lip only and cleft lip with cleft palate might be separate entities with different
etiology and pathogenesis (Jugessur et al., 2011). Similar study was performed in
Honduran population (Larrabee et al., 2011), where SNPs rs642961 and rs2235371
were analyzed. They found the association between rs2235371 and non-syndromic
CL/CLP in both case-control (p-value = 0.01) and family-based association (p-value =
0.01) studies, but no association was found for rs642961, which is proposed to have
potential biological significance to /RF6 expression and function (Pan et al., 2011).
Results obtained in this study, are contrary to ours and another study performed by Shi
et al. (2011), where both SNPs were analyzed in Chinese population. Obtained results
could be explained by different populations analyzed. Studies, reported previous,
suggesting that different populations may be affected by different polymorphisms in
IRF6 gene. In the Baltic study marker rs17389541 showed association with CP (p-value
= 0.0006; OR = 1.726; 95% CI = 1.263-2.358), supported by analysis of haplotypes
including this polymorphism, but this association did not remain significant after
correction for multiple testing. This is a novel implication of JRF'6 in non-syndromic CP
susceptibility, but there is a necessarity to replicate obtained results in other populations
(Nikopensius et al., 2010).

Failure to replicate an association of SNPs for known cleft genes, such as MSXI
genes with non-syndromic CL/CLP or CP can be caused by allelic or locus
heterogeneity in the etiology of cleft formation. Number of patients and controls
analyzed in this study could be to small and number of selected single nucleotide
polymorphisms in each gene can be insufficient to achieve full gene coverage. Last, we
have analyzed only individual genes, but not interaction between genes and
environmental factors, which can also be a very important factor in the development for

CL/CLP/CP. Our plans are to start analysis of interaction between genes and !
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environmenatl factors in very near future.

In summary, our results continue to support the involvement of FGFRI, WNT3,
SKI, BMP4 and IRF6 genes in non-syndromic CL/CLP and CP in humans and shows
possible association between 19q13 locus and non-syndromic CL/CLP and CP. Despite
all findings we need to perform additional studies to identify potentially functional
variants in these genes and replication studies in different populations not only in
Caucasians for genes, which showed modest evidence for association with non-
syndromic CL/CLP or CP.

One may argue that almost all investigated SNPs are localized in introns or
intergenic regions and do not alter transcription factor binding sites or have any other
potentially damaging effect. We should also consider that these SNPs, possibly neutral,
might also be in linkage disequilibrium with an etiologic variant, which could explain
the results observed in this study. Additionally, the results of many performed GWAS
showed the SNPs associated with some disease are considered to be functional.

In conclusion, the results of our study stated that the non-syndromic CL/CLP/CP
is very complex malformation and that there are still many undiscovered genes involved
in the etiology of this malformation and only few genes have a major role in the
development of non-syndromic cleft lip with or without cleft palate and isolated cleft

palate.
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5. CONCLUSIONS

. Six hundred and seventy five genetic markers were selected for further

genotyping within present study located in selected forty five candidate genes to

search for significant relationships with non-syndromic CL/CLP and CP.

. Case-control analysis showed that genetic variants in SKI, FGFRI, WNT3 and

IRF6 genes contributes susceptibility to both non-syndromic cleft lip and cleft
lip with or without cleft palate (CL/CLP) and cleft palate only (CP) in Latvian
population. BMP4 gene could have protective effect in the susceptibility for
non-syndromic cleft lip and cleft lip with or without cleft palate (CL/CLP).

. Haplotype analysis showed significant association between haplotypes in SKI,

FGFRI, WNT3 and IRF6 genes and non-syndromic CL/CLP and CP, and
between haplotypes in BMP4 and BCL3 genes and non-syndromic CL/CLP.

. Results of family based association analysis showed significant association

between IRF6 gene and non-syndromic CL/CLP and CP.

. Comparative analysis for BCL3 gene five markers showed association between

BCL3 gene haplotypes and non-syndromic isolated cleft palate in Brazilian

population.
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Appendix 1

List of LASHAL codes

Code

Description

No Condition

Microform of cleft lip on left side

...... 1 Partial left lip cleft
...... L Complete left lip cleft
..... *] Microform of alveolus cleft with partial lip
cleft on the left side
..... al Partial left lip-alveolus cleft
..... AL Complete left lip-alveolus cleft
L Bifid uvula
...S... Incomplete soft palate cleft
S Complete soft palate cleft
..S.L Complete cleft of velum and left lip
.SHAL Complete left unilateral cleft lip, alveolus,
hard and sof palate cleft (CLAP)
*gk Submucous velar cleft
.hh.. Submucous clefts of hard palate only
.h*h.. Submucous cleft of hard palate ¢/ bifid uvula
.hsh.. Submucous clefts of hard and soft palate
..hShal Partial left lip and alveolus cleft associated
with a complete velar cleft extending
incompletely
into the hard palate
.HSH. Complete cleft of hard and soft palate
F e Microform of cleft lip on right side
Fkwdkkx Midline cleft
L..... Partial cleft lip of the right side
L...1 Partial bilateral cleft lip
I*..... Partial right cleft lip with microform of right
alveolus left
1*..%1 Bilateral microform of lip clefts
la..... Partial right lip-alveolus cleft
la...al Partial bilateral lip-alveolus cleft
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Code Description

lahSh.. Partial right lip and alveolus cleft associated
with a complete velar cleft extending
incompletely
into the hard palate

1A.S.Al Partial bilateral cleft lip and complete
bilateral alveolus cleft associated with a
complete soft palate cleft

L...L Complete bilateral lip cleft

L..S.. Complete cleft of velum and right lip

LahSHAL Complete right lip and partial alveolus cleft
associated with a complete left unilateral
CLAP extending
into the hard palate on the right side

LA..AL Complete bilateral lip-alveolus cleft

LAHS... Complete right unilateral CLAP cleft

LAHShal Complete left lip and partial alveolus cleft
associated with a complete right unilateral
CLAP extending
into the hard palate on the right side

..hSh.. Bilateral incomplete cleft hard palate with
complete soft palate cleft

lahshal palate/uvula

LEGERN] Bilateral incomplete cleft lip (CL)

LAHS..L Bilateral complete cleft lip with unilateral
cleft palate

*FHSH** Unknown syn.cardiac murmur

lahs... Incomplete cleft lip and palate right side

..hshal. Unilateral CL left and partial cleft alveolus
bilat and bifid uvula

laHSHAL L-UCLP with R incomplete CL and aveolus
Bilateral complete CP

lahS... R incomplete CL, cleft palate

...SHaL Complete cleft of hard and soft palate. cleft

of left lip and incomplete cleft of alveolus
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Code Description

.AHSHAI Left incomplete CL with complete cleft hard
and soft palate

LAH.... R-cleft lip/alveolus/hard palate

LA.S.AL Bilateral cleft lip and aveolus and bilateral
cleft soft palate and uvula/hard palate intact

JEEL palatal fistula

.AHSHA. cleft of alveolus&palate

FHSH*. Bilateral cleft hard and soft palate with
bilateral microform cleft aveolus

b R 2 degree palate only

***SHAL Unilateral cleft lip and palate (left)

La..... Complete cleft of left lip and incomplete cleft
of left alveolus

.HsH.1 Bilateral complete hard bilateral incomplete
soft microform lip - left side

L...... Complete right lip cleft

L..S.AL Complete left lip and alveolus cleft
associated with a complete right cleft lip and
a complete velar cleft

L.HSH.L Complete bilateral cleft lip associated with a
complete cleft of the hard and soft palate

LA... Complete right lip-alveolus cleft

LAS.L Complete right lip and alveolus cleft
associated with a complete left cleft lip and
complete velar cleft

LA.SHAL Complete right lip and alveolus cleft
associated with a complete unilateral left
cleft lip, alveolus and palate

LAHS.AL Complete left lip and alveolus cleft
associated with a complete unilateral right
cleft lip, alveolus and palate

LAHSHAL Complete bilateral CLAP cleft

L Unknown Cleft Diagnosis

L..SHAL BCL w/ L-UCP L—SHAL
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Code Description

..... alL Cleft lip left side with partial cleft of left
alveolus

La...aL Bilateral cleft lip and bilateral partial clefis of
the alveolus

LAHSHAI Left incomplete cleft lip with right complete
CL and bilateral complete cleft palate

L...aL bilateral cleft lip with left alveolar notch

....h*L L-CL w/ L-incomplete cleft of hard palate
with associated nasal deformity *aveolar
notch

R Psuedocleft

..H.H.. Cleft of hard palate

SHAL complete unilateral CLAP cleft

laal Partial bilateral lip alveolar cleft

LHHL BCL with severe nasal deformity no cleft
palate

[**g*¥] Bilateral incomplete cleft lip and secondry
cleft palate

L.S.1 bilateral incomplete cleft lip and soft palate

LASH..L Bilateral cleft lip /unilateral cleft palate

HAL L-UCL with aveolar cleft
AL Unilateral Cleft Lip with Alveous
S.AL Cleft soft palate with unilateral cleftilip

.S.. Soft Palate Cleft

LAHS Unilateral Cleft Lip and Palate (right)

LA Unilateral Cleft Lip& Alveolus

..sh.L Unilateral incomplete cleft palate with
unilateral complete cleft lip

LAH.HAL Bilateral complete cleft lip & hard palate
only

LA* * Complete unilateral cleft lip(right)with
partial cleft palate

LAHSH.. RUCLP

*....AL Microform of cleft lip (RT)with complete

cleft lip and alveolus
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Code Description

L.H.. Unilateral complete cleft lip(RT)with
complete cleft of hard palate

* SHAI microform of cleft lip right side,partial cleft
lip left side and complete cleft of alveolus
and palate left side

*al Unilateral CL (Lt side) bifid uvula, cleft

partially of alveolus It

L.*.L Bilateral cleft lip & bifid uvula

L.*.al

...shal Left incomplete lip

LahS... Compelete right side cleft lip and soft palate
with part right alveolus and palate

1..SHA1 Incomplete bilateral cleft lip and unilateral
complete cleft palate

1AHS..1 Bilateral incomplete cleft lip, right side
complete cleft palate

LHSH.L Bilateral complete cleft palate, complete rt
CL and incomplete It CL

lahSHAL Complete LT CLP, incomplete RT CLP

...SHAI Incomplete CL and complete CP left

LaHS... Complete unilateral cleft lip/palate Rt side
and incomplete cleft of alveolus

SH.L Complete unilateral CLP left sided, no
alveolar cleft

..SH.L Unilateral complete CLP left sided, no
alveolar cleft

LA..*L Complete bilateral CL, complete cleft of rt
alveolus and notched left alveolus

IAHSHAL Incomplete rt CL, complete CP and It CL

I..SHAL Unilateral CLP It side, incomplete CL rt side

laHSHal Bilateral incomplete CL and alveolus,
complete CP

I*....Al Incomplete CL It, complete It alveolus,
microform rt lip

L...AL Complete bilateral CL, complete 1t alveolus
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Code Description

LAHSh.. Complete CLP rt side, incomplete CP 1t side

..S.al Unilateral left CL and alveolus, complete soft
palate cleft

LAHS..* Complete CLAP rt side, left microform lip

.HSHAL Complete bilateral CP, unilateral complete
CL and alveolus It

LAHSHal Bilateral complete CP, complete rt CL,
incomplete 1t CL

.HSH.* Microform notched lip Lt side with complete
cleft of secondary palate

LARS... Unilateral complelte cleft of lip/alveolus Rt
side with incomplete cleft of secondary
palate

L*..... Complete unilateral Rt cleft lip with notching

of the aveolar arch
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Appendix 2

Selected SNPs in BCL3 gene for MALDI-TOF genotyping, PCR primer

sequences and PCR fragment sizes used in the study

R-5’GAGCTGCCGGAGTACATT3’

SNP” Miniseqll:;l:ig;u(rll\ir; primers PCR fragment size

rs7257231 F-5’CAGAGCATAGGGTCACCAG3’ 148 bp
R-5’TCCCAAGGCACAGCTTAC3’

rs10401176 F-5’ AGCGTGACAGCTGGAGAG?’ 131 bp
R-5’CAAATCCATACCAACCCATS3’

rs8103315 F-5°GCACCCAGCAATTCATCA3’ 173 bp
R-5’GCAGCTTCCTCTCCCTCTA3’

152927457 F-5’TGAGACTTTACCGGAACG3’ 166 bp
R-5’GCCTGTGAGGAGATGGAA3’

rs11671085 F-5’GCCCAGCAGACCTGTTAC3’ 137 bp
R-5’GCGAATGATTTCAGAGAAAC3’

rs1979377 F-5’GTCCTCACCTCCCTTTTAGT?3’ 290 bp
R-5’GCAGTGGTGCTATCTTGTG3’

rs2927456 F-5’TGAGGAATAAGGGTTCAGAA3’ 118 bp
R-5’AATGTGGTGATCACAGCC3’

rs2306148 F-5’GTCCAGCTCCGGTTAATT3’ 236 bp

~ SNP - single nucleotide polymorphism

122




Appendix 3

PCR programs used for BCL3 gene analysis with MALDI-TOF technology

SNP ID Temperature Time Cycles
157257231 95°C 10 minutes 1x
95°C 30 seconds 40x
60°C 30 seconds 40x
72°C 45 seconds 40x
72°C 5 minutes 1x
rs10401176 95°C 10 minutes 1x
95°C 30 seconds 40x
60°C 30 seconds 40x
72°C 45 seconds 40x
72°C 5 minutes 1x
rs8103315, 95°C 5 minutes 1x
152927456 95°C 30 seconds 40x
54°C 30 seconds 40x
72°C 30 seconds 40x
72°C 5 minutes 1x
rs1979377 95°C 10 minutes 1x
95°C 30 seconds 40x
54°C 30 seconds 40x
72°C 30 seconds 40x
72°C 5 minutes Ix
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