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Abbreviations 
 

B2MKB beta 2 mivroglobulin 

BCL-2 BB-cell lymphoma 2 gene protein 

CD cluster of differentiation 

CI confidence interval 

CRP C-reactive protein 

DAB 3,3′-diaminobenzidine tetrahydrochloride  

dihydrate chromogen solution 

EDTA ethylenediaminetetraacetic acid 

FISH fluorescence in situ hybridization 

GFR glomerular filtration rate 

H/E haematoxylin and eosin 

H202 hydrogen peroxide 

Hb haemoglobin 

IgA immunoglobulin A 

IgG immunoglobulin G 

ISS International staging system created  

by the International Myeloma Working Group 

LDH lactate dehydrogenase 

Lei leucocytes 

M arithmetic mean 

MM multiple myeloma 

PAS periodic acid-Shiff reaction 

SD standard deviation 

SDC Salmon-Durie classification 

SPKC Centre for Disease Prevention and Control  

(Slimību profilakses un kontroles centrs (SPKC)) 

TP53 tumour protein 53 gene 
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Introduction 
 

Multiple myeloma affects not only older people, but also people of 

working age – 35% of all patients (Kazandjian D., 2016), as well as people 

younger than 40 – about 2% of all patients (Kyle et al., 2003). MM accounts for 

13% of haematological malignancies and 1% of all oncological cases (Palumbo 

et al., 2011). According to studies by various authors, the average age of MM 

patients at diagnosis is 66–70 years (Noone et al., 2017; Kazandjian et al., 

2016). 

Worldwide, the incidence of MM has increased over the last 30 years 

from 4.79 cases to 7.68 cases per 100 000 population in 1980 and 2015, 

respectively (Noone et al., 2017; Kazandjian et al., 2016). In Latvia, similar to 

the rest of the world, over the past 10 years, the incidence of MM has increased 

from 4.06 cases to 5.5 cases per 100 000 inhabitants in 2008 and 2017, 

respectively (SPKC, 2017). 

MM risk factors, according to literature data, are the effect of human 

herpesvirus-8 (HHV-8) on the body's anti-apoptotic regulation in plasma cells 

(Berenson et al., 1999), exposure to toxic substances – petroleum products, 

asbestos (Linet et al., 1987), chronic diseases (diabetes, obesity, etc.), whose 

influence on the development of MM is explained by the overproduction of 

inflammatory cytokines, such as interleukin-6 (Beason et al., 2013, Srija et al., 

2014). Also, worth noting is the demographic factor of the disease: people are 

living longer and the average life expectancy in the world has increased from 

62.1 to 73.2 years in 1980 and 2020, respectively (anonymous author, 

www.worldometers, 2020), thus MM is observed more often. 

In connection with the latest treatment options for MM, over the last  

20 years, greater numbers of patients with the survival of five years and more 

have been observed worldwide. For example, in the USA, according to 

published statistics, the 5-year survival rate increased from 25.9% to 52.4% in 
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1978–1980 and 2008–2014, respectively. (Kazandjian et al., 2016, Noone et al., 

2017; Moreau et al., 2017). Also, in Latvia, thanks to modern therapy, the five-

year survival rate has increased to 50% in recent years (Pildava, 2012 and 

Lejniece et al., 2014). With the modernization of therapy methods, the question 

of determining the clinical course of MM aggressiveness using morphological, 

immunohistochemical, as well as genetic parameters, in order to apply an 

individual type and dose of therapy to the patient, is becoming more and more 

relevant. Therefore, studies that determine the histological and 

immunohistochemical features in myeloma cells that may affect the prognosis 

and treatment efficacy of MM are increasingly relevant. Due to this, the 

number of morphological parameters to be examined in trepan biopsies should 

be increased, which should be reflected in the pathologist's conclusion. 

The amount of myeloma cells, their morphology and type of infiltration, 

as well as secondary changes in the bone marrow can help the haematologist 

predict the course of the disease (Park et al., 2016; Suarez-Londono et al., 

2020; Korbet et al., 2006). It is important to determine the expression of such 

aberrant and oncogenic markers as CD56, BCL-2, cyclin D1, p53, etc. (Skerget 

et al., 2018; Kumar et al., 2019; Padhi et al., 2013; Issaeva, 2019), because 

these immunohistochemical indicators can also predict the development of MM 

complications and survival, as well as help the pathologist in diagnosis. 

Some bone marrow histological parameters may clinically increase the 

risk of developing a specific MM complication, for example, in cases of p53 

expression, more frequent kidney damage is observed in patients (Nag et al., 

2013; Brooks et al., 2010; Hao et al., 2014), but cyclin D1 expression in cases – 

bone tissue damage and / or their pathological fractures are more often detected 

(Wallin et al., 2011; Beason et al., 2013, Hsu et al., 2015). 
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There is relatively little data in the literature summarizing the 

correlations of several morphological-immunohistochemical parameters with 

clinical and laboratory parameters and their importance in predicting the course 

of MM. 

Therefore, the above-mentioned factors determine the relevance of the 

chosen topic of the Doctoral Thesis, its fundamental and practical importance 

for predicting the course of MM, as well as more precisely controlling the 

possible complications of MM target organ damage. 

 

Aim of the Thesis 

To evaluate morphological and immunohistochemical changes in bone 

marrow trepan biopsies and compare them with clinical and laboratory 

indicators in order to determine the most important prognostic criteria of MM 

in patients with primary diagnosis of this disease in its various stages. 

 

Tasks of the Thesis 

1. To collect epidemiological, clinical laboratory data of patients with 

primary diagnosed MM and perform their assessment. 

2.  To determine and analyse the morphological parameters of 

myeloma cells in bone marrow biopsies using routine, 

histochemical and immunohistochemical staining methods, the 

amount of myeloma cells, the percentage of myeloma cells with 

plasmablastic differentiation and infiltration type, as well as the 

cellularity of the bone marrow and the degree of myelofibrosis. 

3. To evaluate the correlation of morphological parameters with MM 

stage and clinical laboratory indicators. 
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4. To analyse the expression of immunohistochemical aberrant and 

oncogenic markers in myeloma cells: CD56, BCL-2, p53, 

cyclin D1, p21. To evaluate the expression frequency and 

correlation of these markers with MM stage and clinical laboratory 

indicators, as well as to determine the significance of prognostic 

markers for assessing the aggressiveness of the disease. 

5. To evaluate the most informative prognostic histological 

parameters, which are statistically reliably correlated with clinical 

and laboratory indicators of MM. 

 
Hypothesis of the Thesis 

In the bone marrow, several morphological parameters and the 

expression of immunohistochemical markers correlate with the clinical 

laboratory data of MM and can be used to predict the course of the MM 

disease. 

 
Novelty of the Thesis 

For the first time in Latvia, a combination of several potential 

prognostic, morphological and immunohistochemical parameters was 

evaluated, and the relationship of these parameters with the clinical laboratory 

data of patients in the case of primary diagnosed MM was analysed. 

In the published literature, only a few, mostly descriptive studies were 

found on morphological findings detected by histochemical methods, such as 

microosteolysis or infiltration type. Thus, our study of a relatively large group 

of patients with bone marrow morphological and immunohistochemical marker 

analysis in relation to clinical laboratory parameters is also novel at the world 

research level. 
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In previous morphological and immunohistochemical (CD56, BCL-2, 

p53, cyclin D1, p21 antigen expressions) studies in myeloma cells published by 

various institutes and clinics, their relationship with survival, therapy efficiency 

or with a relatively small collection of clinical laboratory parameters 

(haemoglobin, calcium levels, etc.) has been evaluated, and the studies have 

been performed in relatively small groups of patients, because, taking into 

account the old age of the patients and frequent severe comorbidities, the trepan 

biopsy is contraindicated or not considered necessary. 

These data will be used as predictive indicators, characterizing the 

course of MM development. 
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1 Literature review 
 

1.1 MM: definition, general description of a typical plasma cell 

and its antibodies, aetiology, general epidemiological  

and clinical characteristics, diagnosis of the disease,  

clinical classifications 
 

Definition 

MM is a proliferation of monoclonal atypical plasma cells or plasmatic 

cells (myeloma cells) in the bone marrow, which in classic cases synthesize and 

secrete monoclonal immunoglobulin in the blood and / or urine (Singhal et al., 

2006; Moreau et al., 2017), but in the late stages of MM the atypical plasma 

cells also appear in large numbers in the peripheral blood. Monoclonal 

immunoglobulin is also called M or paraprotein. 

MM is known to be a malignant tumour of B lymphocytic origin, arising 

from follicular centre B lymphocytes, which, in turn, differentiate into plasma 

cells (Bergsagel et al., 2001). 

MM is the only haematologic malignancy characterized by an osteolytic 

skeletal lesion with skeletal destruction, pathologic fractures, bone pain, and 

hypercalcemia (Grogan et al., 2001). 

 

General description of the normal plasma cell  

and the antibodies it synthesizes 

Normally, the newly formed B lymphocytes (so-called naïve 

lymphocytes) from the bone marrow at the end of the haematopoietic process 

move with the bloodstream to the lymph nodes or the spleen, where their 

further development is stimulated by antigens with the help of T lymphocytes, 

when memory B lymphocytes and plasmablasts develop as a result of activation 

in the follicular growth centre, from which after it gives rise to plasma cells 

(Faramarz Naeim, 2008; Hernani et al., 2012). 
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Plasma cells are oval-shaped cells, 5 to 30 μm in diameter, with a rich 

weakly basophilic cytoplasm containing a well-developed endoplasmic 

reticulum, and a lighter perinuclear halo zone formed by the Golgi complex. 

Eosinophilic inclusions in the cytoplasm – Russell's bodies, or Dutcher's bodies 

in the nuclei – are often found in plasma cells. The inclusions contain 

immunoglobulins. Russell's and Dutcher's bodies are most often visualized in 

cases of plasmacytic disease. (Hernani et al., 2012; Naeim, 2008). 

The main tasks of plasma cells are to provide immunity, to neutralize 

pathogenic microbes and viruses. Within a second, a plasma cell can synthesize 

from a hundred to several thousand antibodies. Synthesized antibodies 

(immunoglobulins) consist of two heavy ones – α (alpha), γ (gamma), δ (delta), 

ε (epsilon) or μ (mu), as well as two light ones – λ (lambda), κ (kappa) chains, 

and depending on the heavy chain class, 5 isotypes are distinguished: IgA, IgG, 

IgD, IgE, IgM (Naeim, 2008; Hernani, 2012). 

Diagnostics. Several laboratory and radiological tests are used in the 

diagnosis of MM: 

• Complete blood count (Hb, Lei, Tr levels), which can be used to 

determine the effect of myeloma cells on haematopoiesis, assessing 

the presence of anaemia and its severity. The main mechanism of 

pathogenesis is related to increased infiltration of myeloma cells in 

the bone marrow, which reduces the development of blood cells or 

haematopoiesis in the bone marrow (Lokhorst et al., 2002, Riccardi 

et al., 1991 Maia et al., 2020). 

• Blood serum and / or urine biochemical indicators (LDH, albumin, 

calcium, creatinine, B2MKB) are determined to evaluate the 

functional disorders of the kidneys and liver, as well as the 

possibility of bone tissue damage. 



 

13 

• Determination of LDH, albumin concentration has prognostic 

significance. Usually, in the early stages of the disease, the 

concentration of LDH is not increased, but as the mass of tumour 

cells increases, LDH begins to increase gradually. LDH correlates 

with survival prognosis, the higher the LDH, the worse the life 

prognosis, the shorter the survival. The determination of serum 

albumin concentration is also of similar importance. 

• B2MKB is a prognostic indicator of MM disease outcome, it is 

associated with increased tumour mass, and can also be used as an 

indicator of renal function (Greipp et al., 2005; Singhal, et al., 

2006). 

• Creatinine level, GFR. Key indicators of kidney function indicate 

kidney involvement in the course of the disease, which indicates 

disease progression and prognosis (Greipp et al., 2005; Singhal,  

et al., 2006). 

• Calcium level. Myeloma cells, by stimulating osteoclasts, promote 

osteolysis and increase blood calcium levels. As the disease 

progresses, an increase in calcium levels is observed in patients. 

Increased calcium concentration indicates the severity of the bone 

lytic process in MM (Cozzolino et al., 1989; Ong et al., 1995). 

• M-gradient or paraprotein. Serum and urine protein electrophoresis 

is able to determine the presence of M-gradient (paraprotein), as 

well as their concentration. On the other hand, the exact type of 

paraprotein can be determined using immunofixation. Paraprotein 

in urine is called Bence-Jones protein. An increase in the  

M-gradient in the serum contributes to dysproteinaemia, 

hypoalbuminemia and changes in the erythrocyte sedimentation 

rate (ESR) In ESR, total protein and albumin levels are not 
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clinically specific criteria in MM patients, but changes in these 

parameters affect disease prognosis (Lokhorst et al., 2002; Greipp 

et al., 2005; Singhal, et al., 2006; Moreau et al., 2017). 

Radiological examinations. Osteolytic lesions in MM usually appear in 

flat bones (cranial vault bones, scapulae, ribs, and pelvic bones). Osteolytic 

lesions can be detected by the following radiological examinations – bone 

radiography, computer tomography, magnetic resonance or positron emission 

tomography – PET (Cozzolino et al., 1989; Ong et al., 1995; Kumar et al., 

2019). 

Bone marrow histology (trepan biopsy) is an important diagnostic as 

well as prognostic test for MM. MM is confirmed when, microscopically, the 

number of monoclonal plasma cells exceeds 10% of all nucleated 

haematopoietic cells in the bone marrow (Kyle et al., 2017). Trepan biopsy 

using both histochemical and immunohistochemical methods has not only 

diagnostic but also prognostic significance (Bennett et al., 2009; Moreau et al., 

2017; Sultan et al., 2018; Lonial et al., 2016; Kyle et al., 2017). 

Bone marrow and peripheral blood cytology is a relatively rapid and 

inexpensive method that aids in the diagnosis of MM by not only detecting 

increased count of plasma cells in the peripheral blood or bone marrow, but 

also by diagnosing cellular atypia in plasma cells (Hayhoe et al., 1976; 

Lokhorst et al., 2002). The main histological diagnostic criterion is  

a monoclonal infiltration of atypical plasma cells (CD138+) (above 10% of 

nucleated cells) in the bone marrow (Kyle et al., 2017). 

Flow cytometry is a standard diagnostic method for MM, which also 

allows to determine the expression of several aberrant prognostic antigens in 

myeloma cells. Flow cytometry is also recommended for determining the 

effectiveness of MM treatment (Flores-Montero et al., 2016; Jelinek et al., 

2017). 
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Genetic tests help to predict the course of the disease and the 

effectiveness of treatment. For example, diagnosing t(4;14) and / or t(14;16) 

predicts a more aggressive course of MM and as a result the haematologist 

should choose a more aggressive therapy (Sonneveld et al., 2016; Fonseca, 

2017). 

Table 1.1 shows the importance of several clinical laboratory and 

histological parameters in the diagnosis of MM, determining the stage, 

controlling the disease, as well as determining the prognosis of MM. It can be 

concluded that, for example, haemoglobin, creatinine, and calcium levels play a 

role in determining the stage of MM, as well as the control and the prognosis of 

the disease. On the other hand, the morphology of bone marrow trepan biopsy 

is given an important role in the diagnosis of MM and in determining the 

prognosis of the disease (Singhal et al., 2006). 

 

Table 1.1 

Clinical laboratory tests in MM and their clinical significance 

Investigations 

Clinical significance 

Diagnosis 
Stage 

Determination 

Prognosis 

Indicator 

Disease 

control 

Haemoglobin concentration + + +/− + 

Calcium concentration + + − + 

Creatinine concentration + + +/− + 

CRP concentration − − + +/− 
LDH concentration − − + +/− 
Concentration of light chains +/− − – +/− 

Albumin concentration − + + +/− 

B2MKB concentration − + + − 

Concentration of 

immunoglobulins 
+ + − + 

Magnetic resonance +/− +/− − +/− 
Positron emission tomography +/− − − +/− 
Bone marrow morphology + − + − 

Bone marrow cytogenetics − − + +/− 

(+) – essential; (+/−) – usefulness is not clear-cut; (–) – not useful. 

Table adapted from Singhal et al., 2006. 
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General epidemiological characteristics. MM accounts for about 1% 

of all oncological cases and 10–13% of all haematological tumours (Palumbo  

et al., 2011) and ranks second in the group of non-Hodgkin's lymphomas 

(Castaneda et al., 2019). 

In the Western countries, an increase in the incidence of primary 

diagnosed MM has been observed in the last 35 years from 4.79 cases to 

7.68 cases per 100 000 population, respectively, in 1980 and 2015 (Noone  

et al., 2017). 

The average age of patients in newly diagnosed MM cases is  

66–70 years, but about 35% of patients are younger than 65 years (Kazandjian 

et al., 2016) and about 2% are younger than 40 years (Kyle et al., 2003). 

Due to the fact that more modern treatment options have appeared in the 

last 20 years, the number of patients with MM who live for five years or more 

is observed worldwide. For example, in the USA, according to published 

statistics, the 5-year survival rate increased from 25.9% to 52.4% between 

1978–1980 and 2008–2014, respectively (Kazandjian et al., 2016, Noone et al., 

2017). 

In Latvia, according to the data published by SPKC, around 100 patients 

with MM are registered annually, and similar Western countries have observed 

an increase in the incidence of MM over the last 10 years from 4.06 cases to 

5.5 cases per 100 000 inhabitants in years 2008 and 2017, respectively (SPKC, 

2017). The five-year survival rate in Latvia has been between 30 and 50% in 

recent years, and thanks to the latest treatment techniques, the patients live for 

10–20 and even more years (Pildava, 2012 and Lejniece et al., 2014). 

Aetiology. Occupations associated with long-term contact with oil or oil 

products and asbestos are noted as risk factors for MM, and there are also 

studies on the development of MM in people who have used laxatives for  

a long time (Linet et al., 1987). The role of human herpes virus-8 (HHV-8) in 
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the origin of MM is controversial: some researchers agree that the virus can 

cause anti-apoptosis dysregulation (Berenson et al., 1999), while others deny 

this (Sadeghian et al., 2013). 

Some scientists emphasize that people with obesity, as well as with 

diabetes and hyperglycaemia, have an increased risk of developing MM 

(Larsson et al., 2007; Tamayo et al., 2014), which is explained by increased 

levels of the inflammatory cytokine, interleukin-6 (IL-6) produced by 

adipocytes (Wallin et al., 2011). On the other hand, Beason et al. (2013) prove 

that cachexia in adipose MM patients develops later and, due to this, the disease 

has a relatively favourable prognosis. 

Clinical classifications of MM. In 2003, the International Working 

Group on MM (ISS) published the developed and accepted clinical variables of 

MM and their diagnostic criteria (Table 1.2): 

• Symptomatic MM – 1) monoclonal infiltration of > 10% plasma 

cells (myeloma cells) in the bone marrow from all nucleated cells 

and / or histologically confirmed plasmacytoma; 2) monoclonal 

(IgG or IgA) paraproteinemia and / or paraproteinuria (Bence-

Jones protein); 3) proven target organ damage with myeloma cell 

infiltration: hypercalcemia and / or renal failure and / or anaemia 

(< 10 g dL) and / or bone lytic or compression damage (from the 

English abbreviation “CRAB” – “hyperCalcemia, Renal 

insufficiency, Anaemia, Bone lesions”) 

• Asymptomatic/dormant MM – 1) monoclonal infiltration of 

> 10% plasma cells (myeloma cells) in the bone marrow from all 

nucleated cells and / or histologically confirmed plasmacytoma; 

2) monoclonal (IgG or IgA) paraproteinemia and / or 

paraproteinuria (Bence-Jones protein); 3) no damage to target 

organs of myeloma cells is detected; 
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• In non-secretory MM (1% of MM) – 1) monoclonal > 10% of all 

nucleated cells infiltration of myeloma cells in the bone  

marrow and / or histologically confirmed plasmacytoma;  

2) paraproteinemia and / or paraproteinuria are not detected;  

3) no damage to target organs by myeloma cells is detected 

(Greipp et al., 2005). 

 

Table 1.2 

Clinical variables of MM and their diagnostic criteria* 

Diagnostic criteria 

Clinical variations 

Symptomatic 

MM 

Asymptomatic 

MM 

Nonsecretory 

MM 

> 10% plasma cells in bone 

marrow and / or plasmacytoma 
Yes Yes Yes 

Paraproteinemia or 

paraproteinuria 
Yes Yes No 

MM target organ damage 

(“CRAB”) 
Yes No No 

* Table adapted from Greipp et al., 2005. 

 

The clinical stage of MM is determined using the system developed by 

M. Durie and S. Salmon in 1975 (Durie, Salmon, 1975) using several clinical 

and laboratory parameters, but the new ISS classification developed in 2005 

suggested taking into account B2MKB and albumin levels in the blood, in turn, 

relatively recently, Palumbo (2015) and co-authors included the LDH level and 

high-risk cytogenetic aberrations – t(4;14), t(14;16) or del(17p) in the ISS 

classification. 

Clinic. MM can present with various symptoms, often non-specific, but 

around 10% of cases are asymptomatic (Lokhorst et al., 2002). 

1. The bone pain is found in 50–90% of cases, most often in the 

spine. This symptom is associated with the fact that osteoclasts are 

activated by IL-1, IL-6, as well as TNF produced by myeloma 
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cells, which results in bone resorption, manifested by bone lytic 

lesions and pathological fractures (Kyle, 1975; Cozzolino et al., 

1989; Ong et al., 1995; Maia, C. et al., 2020). The most common 

bone lesions are in the following locations: skull, spine, ribs and 

pelvic bone. 

2. Infections are the most common cause of death in patients with 

MM: about 25% of patients die within the first 6 months after the 

diagnosis of MM, of which about 70% die from various bacterial 

(Str. pneumoniae, H. influenzae, etc.) and viral infections, 

including the seasonal influenza (Riccardi et al., 1991; Snowdon  

et al., 1994; Ong et al., 1995). 

3. Activities or so-called “B symptoms”: fever, night sweats, weight 

loss are observed in about 1% of MM cases (Lokhorst et al., 2002). 

4. Fatigue and nausea are found in 40–50% of patients with MM, and 

their frequency correlates with the severity of anaemia, as well as 

hypercalcemia and blood hyperviscosity. Anaemia is most often 

associated with a decrease in the concentration of erythropoietin in 

the blood caused by kidney damage, as well as with suppression of 

erythropoiesis due to cytokines produced by myeloma cells 

(Bataille et al., 1981; Lokhorst et al., 2002; Riccardi et al., 1991; 

Musto et al., 1998). 

5. Neurological symptoms in patients are observed relatively rarely 

(about 5%), and most often it is associated with lytic lesions of the 

spine, manifested by radiculopathy and peripheral neuropathy 

(Lokhorst et al., 2002, Bataille et al., 1981; Ong et al., 1995). In 

addition to these, paraproteinemic polyneuropathy often develops, 

which may present with sensory and motor disturbances, tingling 

and neuropathic pain (Dispenzieri et al., 2005; Denier et al., 2006). 
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6. Visual impairment is associated with retinal damage, which can be 

caused by dysproteinaemia, blood hyperviscosity, and blood 

effusions (Lokhorst et al., 2002). 

7. Renal dysfunction occurs in up to half of all patients during MM 

(Kyle et al., 2003; Hsu P. et al., 2015). MM can damage the 

kidneys in several ways – myeloma cast nephropathy,  

AL-amyloidosis and / or monoclonal immunodeposit disease 

(Ivanyi et al., 1990; Leung et al., 2008). Clinically, MM can 

manifest with the following syndromes – acute kidney injury, 

chronic kidney disease, Fanconi syndrome and nephrotic syndrome 

(Korbet et al., 2006). 

8. Skin lesions are most often manifested by purpura, the formation 

of which is associated with thrombocytopenia, skin amyloidosis 

and hyperviscosity syndrome (Lokhorst et al., 2002). 

 

1.2 General morphological characteristics of MM 
 

1.2.1 Cellularity of the bone marrow 

 

Bone marrow cellularity is the area or volume ratio between 

haematopoietic nucleated cells and stroma, predominantly lipocytes (Justesen  

et al., 2001). Bone marrow cellularity decreases during life in healthy 

individuals. Under the influence of various external and / or internal factors, 

cellularity can decrease, and this condition is called hypocellularity, for 

example in aplastic anaemias, toxic injuries, etc., or increase when developing 

hypercellularity, for example, in patients with leukosis, myeloproliferative 

neoplasia, etc. (Gondek et al., 2014; Bennett et al., 2009; Sultan et al., 2018). 
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Bone marrow cellularity is one of the most important non-specific 

histological parameters and has prognostic significance also in MM cases. 

Increased cellularity, according to the literature, may be more often associated 

with an earlier stage of MM and a worse prognosis (Bartl et al., 1987, Riccardi 

et al.,1990; Singhal et al., 2004). 

 

1.2.2 Amount of myeloma cells (CD138+) 

 

The amount of plasma cells or myeloma cells, which is the ratio of 

plasma cells to all nucleated haematopoietic cells in the bone marrow, 

expressed as a percentage, is an important diagnostic parameter in MM 

(Akhmetzyanova et al., 2019). In several studies, the authors also assign a great 

prognostic value to this parameter, as an increased number of myeloma cells in 

patients is often associated with shorter survival and later stages of the disease. 

(Singhal et al., 2004; Fujino, 2018; Dass et al., 2019). 

 

1.2.3 Type of myeloma cell infiltration 

 

Pathological infiltration of the bone marrow with myeloma cells is 

divided into 4 types – interstitial, focal, mixed (interstitial and focal) and 

diffuse (Figure 1.1). 

Earlier studies, evaluating the type of bone marrow infiltration, found 

that patients with interstitial infiltration type have a relatively longer survival 

than patients with diffuse and nodular infiltration type (Sailer et al., 1995, 

Riccardi et al., 1990). In the literature available to us, we did not find any 

publications on the relationship of myeloma cell infiltration types with several 

clinical prognostic parameters, examples, indicators of kidney function, LDH 

concentration, etc.  
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Figure 1.1 Schematic images of plasma cell infiltration types 

A – interstitial, B – focal, C – mixed (interstitial and focal) and D – diffuse.  

Image by Jurijs Nazarovs (data obtained from Bartl et al., 2002;  

Subramanian et al., 2009). 

 

1.2.4 Myeloma cells with plasmablastic differentiation 

 

A myeloma cell with plasmablastic differentiation is a large or medium-

sized cell with a centrally located immature nucleus, one or more nucleoli, and 

weakly eosinophilic cytoplasm. According to the literature, plasmablastic 

differentiation is found in 10–15% of patients with primary diagnosed MM 

(Subramanian et al., 2009; Rajkumar et al., 1999; Møller et al., 2015). Several 

authors in their studies associate it with a worse prognosis of MM, shorter 

survival (Greipp et al., 1985; Kuriakose et al. 1995; Jovanović et al., 2018), but 

there are no studies on the effect of myeloma cells with plasmablastic 

differentiation on parameters of kidney function, which is an important clinical 

indicator. 

 

1.2.5 Microosteolytic lesions of bone trabeculae 

 

MM manifests itself with bone tissue lytic lesions with different clinical 

symptoms, which according to various literature data are found in around 80% 

of patients and the extent of the lesion correlates with the course of the disease 

prognosis (Hameed et al., 2014; Vallet et al., 2018). 
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In MM patients, microscopic lesions of microosteolysis are relatively 

often detected in trepan biopsies, which can be used as one of the 

morphologically detectable diagnostic criteria in the diagnosis of MM. Only  

a few studies link this finding to the prognosis of the disease (Silbermann et al., 

2013), therefore, this criterion was included in our study to clarify its 

importance in the prediction of MM.  

 

1.2.6 Degree of bone marrow fibrosis 

 

The degree of bone marrow myelofibrosis is determined using the 

histochemical additional staining method – Gordon's reticulin detection 

method, which is used in routine histological diagnostics when examining 

trepan biopsies. 

Some authors note that the combination of MM with more severe 

myelofibrosis correlates with the worst prognosis, especially in the group of 

patients with pleomorphically altered myeloma cells (Krzyzaniak et al., 1988; 

Subramanian et al., 2007). Scientists also treat the increase in the degree of 

bone marrow fibrosis as a response to treatment, but its significance has not yet 

been sufficiently understood (Hallgrimsdottir et al., 2013). Other authors did 

not find a statistically significant relationship between the degree of 

myelofibrosis and the prognosis of MM in their studies (Pulsoni et al.,1993). 

 

1.3 Characterization of diagnostic and prognostic 

immunohistochemical markers of MM 

 

1.3.1 CD56 antigen expression 

 

Normally, CD56 antigen or NCAM (Neural cell adhesion molecule) is 

expressed in neurons, glial cells, and plays a crucial role in the development 
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and regeneration of neurons as well as synapses (Ditlevsen D.K., 2008). 

Haematopoietic CD56 antigen expression is normally detected in cells that 

have a certain level of cytotoxic properties – NK cells (natural killers), as well 

as αβT/γδT lymphocytes, dendritic cells and monocytes (Van Acker et al., 

2017). 

Aberrant CD56 antigen expression in myeloma cells was discovered in 

1990 with an incidence of 70% to 80%. This positivity is determined in paraffin 

sections of bone marrow using an immunohistochemical staining method and / 

or in bone marrow aspirate or peripheral blood using a flow cytometry method 

(Harrington et al., 2009; Harada et al., 1993). 

Absence of aberrant CD56 antigen in myeloma cells is often associated 

with worse prognosis, more aggressive disease presentation, shorter life 

expectancy in patients with primary diagnosed MM. In these patients, a higher 

level of B2MKB, more pronounced kidney damage, thrombocytopenia, 

extensive bone tissue damage, etc. are more often detected, as well as the lower 

efficiency of chemotherapy (Hundemer et al., 2007; Rawstron et al., 1999; 

Sahara et al., 2002; Chang et al., 2006; Ceran et al., 2017; Skerget et al., 2018). 

Some authors. For example, Dunphy (2007) and co-authors found no 

correlation between CD56 expression in myeloma cells and clinical prognostic 

parameters, nor with patient survival. 

 

1.3.2 BCL-2 antigen expression 

 

B-cell lymphoma-2 (BCL-2) is the gene, from which the BCL-2 protein 

is synthesized, which is one of the most important proteins of the BCL-2 

family. It was discovered more than 30 years ago in studies of follicular 

lymphoma, in combination with a chromosomal t(14;18) translocation 

(Tsujimoto et al., 1985 and Bakhshi et al., 1985). Overexpression of BCL-2 
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protein was found to inhibit apoptosis, while lack of BCL-2 protein promoted 

apoptosis in tumour cells (Vaux et al., 1988). 

The BCL-2 antigen is expressed in the mitochondrial outer membrane as 

well as in the endoplasmic reticulum and nuclear membrane (Wang et al., 

2001). Various cell-damaging factors activate the BH3 protein, which in turn 

inhibits the mitochondrial anti-apoptotic BCL-2 protein and results in the 

activation of the BAX/BAK pro-apoptotic proteins, which release 

cytochrome C from the mitochondria, followed by the activation of cytochrome 

C-dependent caspases, which in turn culminates in DNA fragmentation and cell 

death – apoptosis (Danial et al., 2007). 

Another mechanism of cell apoptosis regulation is related to the 

regulation of BCL-2 protein and calcium levels in the cell (Bhatt et al., 2008). 

Due to pro-apoptotic factors, the BCL-2 protein is lost in the endoplasmic 

reticulum (Figure 1.2), which leads to the release of calcium from it into 

the cell cytoplasm. As the concentration of calcium increases in the cytoplasm, 

as well as in the mitochondria, various apoptotic factors are stimulated, as 

a result of which the mitochondria release cytochrome C with the subsequent 

activation of caspases and, as a result, the cells die by apoptosis (Heath-Engel 

et al., 2012 and Chiu et al., 2018). 

High expression of the proto-oncogene BCL-2 antigen has also been 

found in several carcinomas: non-small cell lung cancer, renal and colorectal 

tumours and correlates with a worse prognosis (Paraf et al., 1995; Pezzella  

et al., 1993; Hague et al., 1994; Touzeau et al., 2018). 

In patients with primary diagnosed MM, the frequency of BCL-2 

antigen expression is significantly higher than in patients with reactive 

plasmacytoses. According to literature data, BCL-2 expression is observed in 

97% of MM cases (Miguel-García et al., 1998; Wei et al., 2003). The 

frequency, and sometimes the intensity, of BCL-2 expression varies with the 
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degree of atypia of the myeloma cell and may correlate with the stage of the 

disease (Korsrneyer, 1992). 

 

 

Figure 1.2 The role of BCL-2 protein in the development of cell apoptosis 

a) inactivation of mitochondrial BCL-2 protein with subsequent activation of  

pro-apoptotic BAX/BAK proteins; b) inactivation of the BCL-2 protein  

of the endoplasmic reticulum with a subsequent increase in the concentration  

of calcium ions in the mitochondrion, pro-apoptotic activation. 

Image adapted from Germain et al., 2009; Strauss et al., 2008. 

 

1.3.3 Cyclin D1 antigen expression 

 

Cyclin D1 protein is an important regulator of the G1, S and G2 phases 

of the cell cycle, it is the product of the CCND1 gene, which is located on the 

long arm of chromosome 11 (11q13) (Padhi et al., 2013; De Falco et al., 2004; 

Alt et al., 2000). 

Cyclin D1 protein dimerizes with CDK6 and CDK4 kinases to form  

a cyclin-D-CDK4/6 complex to promote and regulate the G1/S phase of the cell 

cycle and their further progression into the S phase. The progression in the 
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S phase is also promoted by the inactivation of the retinoblastoma gene protein 

(pRb), in the process of its phosphorylation by the formed cyclin-D-CDK4/6 

complex. Inactivation of pRb promotes E2F activation of the responsible gene 

with subsequent transcription (Figure 1.3) and further development of the 

process of transition to S and mitosis phase (Donnellan et al., 1998; Alao et al., 

2007; Stamatakos et al., 2010). 

Amplification of the CCND1 gene in tumours, including myeloma cells, 

leads to hyperproduction of cyclin D1 protein, which is almost always 

immunohistochemically manifested by cyclin D1 expression positivity in 

nuclei. (Ooi et al.; Sewify et al., 2014; Gautschi et al., 2017). Cyclin D1 

expression by immunohistochemical method is found in 20 to 50% of patients 

with MM. (Cook et al., 2006; Markovic et al., 2004; Padhi et al., 2013) 

Increased expression of cyclin D1 is associated with a more aggressive 

course of the tumour, but in MM cases these data are not unambiguous (Yan et 

al., 2020). Some authors demonstrate that in a group of MM patients with 

CCND1 gene amplification and cyclin D1 expression statistically reliably 

detect a lower number of myeloma cells in the bone marrow and a better 

prognosis (Athanasiou et al., 2001), while other authors demonstrate that 

myeloma cells with cyclin D1 expression show for a poorer prognosis, 

manifested by poorer laboratory prognostic markers and shorter survival (Padhi 

et al., 2013; Cook et al., 2006). There are studies in which the authors did not 

find a statistically reliable correlation between the expression of cyclin D1 and 

clinical, laboratory, histological indicators of the disease (Markovic et al., 

2004; Dunphy et al., 2007). 
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Figure 1.3 The role of cyclin D1 in cell cycle regulation 

Image by Jurijs Nazarovs (data obtained from Stamatakos M., 2010; Hao et al., 2014; 

anonymous author, 2017. 

 

1.3.4 p53 antigen expression 

 

The anti-oncogenic protein p53 is encoded by the gene TP53 (17p13.1) 

on chromosome 17 (Soussi, 2010). The p53 protein is an important regulator of 

the cell life cycle which, when activated by various “cell-destructive” intrinsic 

or extrinsic factors (e.g. DNA damage, hypoxia, radiation, etc.), contributes to 

cell cycle arrest, repair of damaged DNA, and in cases where DNA damage 

cannot be resolved – cell apoptosis or autophagy (Fischer, 2017). Because of 

this, the p53 protein is referred to by Efeyan and co-authors (2007) as the 

“guardian of the genome”. 

In a healthy cell, the concentration of p53 protein is low and its 

regulation is associated with the oncogenic protein MDM2, which forms  

a p53-MDM2 complex and inhibits p53 protein activity (Nag et al., 2013). One 

of the mechanisms for the treatment of malignant tumours is to block the 

interaction of MDM2 and p53 and activate the p53 protein with anti-oncogenic 

drugs (Wade et al., 2013). 
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DNA damage-activated p53 protein induces the synthesis of p21,  

p14-3-3ϭ, GADD45 family proteins, depending on the cell cycle phase, the 

main purpose of which, individually or by interacting with each other, is to 

arrest the cell life cycle in the G1/S, S or G2/M phase, by blocking relevant 

cyclin-dependent kinases (Chen, 2016; Giono et al., 2006). 

If the DNA damage defect is not eliminated (Williams et al., 2016), 

the p53 protein induces the mechanism of apoptosis development in 

the damaged cell by increasing the permeability of the mitochondrial 

membrane, activating the pro-apoptotic BAX/BAK proteins and blocking the 

anti-apoptotic BCL-2 protein (Benchimol, 2001; Fridman et al., 2003). 

The p53 protein induces cellular autophagy by activating specific gene 

modulators (DAPK, etc.) and specific proteins (AMPK, etc.) that lead to 

the activation of lysosomal proteins (White, 2016; Mrakovcic et al., 2018). 

One of the mechanisms of carcinogenesis involves the mutation of 

the TP53 gene, which leads to the reduction of p53 protein or the synthesis of 

mutant p53 protein (Muller et al., 2014). As a result, the regulation of the cell 

cycle is disturbed, as it is impossible to stop the cell cycle, promote DNA repair 

and apoptosis, and the synthesized mutant p53 protein stimulates the exchange 

of substances and energy supply of tumour tissues, thus promoting tumour 

proliferation and resistance to chemotherapy agents, as well as ionizing 

radiation (Perri et al., 2016; Zhou et al., 2019). 

In patients with MM TP53 gene deletion, del (17p13) (TP53) is detected 

in about 15% of cases and is determined using the FISH (in situ hybridization) 

method, as well as the immunohistochemical method, which is relatively 

cheaper and more convenient in terms of interpretation, the positivity of which 

is almost 90% of cases agrees with the FISH method (Chen et al., 2012; Soussi, 

2010). 
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Increased p53 nuclear expression in MM cases is associated with a more 

aggressive course of the disease and adverse clinical outcome (Kanavaros et al., 

2000; Chen et al., 2012; Chang et al., 2007), and resistance to standard 

chemotherapy is often found in this group of patients (Teoh et al., 2014; 

Herrero et al., 2016; Mikhael et al., 2019). 

 

1.3.5 p21 antigen expression 

 

The p21 protein is an inhibitor of cyclin-dependent kinase. The protein-

coding gene CDKN1A is located on chromosome 6 (6p21.2) (Liu et al., 2013; 

Collier et al., 2018). Upon DNA damage, p53 activates the p21 protein, which 

by inactivating the cyclin E-cyclin-dependent kinase 2 (Cyclin E-CDK2) 

complex, blocks the cell cycle in the G1/S phase by inhibiting the transcription 

of the E2F gene (Blagosklonny et al., 2002; Jung et al., 2010; Anonymous 

author, 2021). 

Blockade of the anti-apoptotic function of p21 is increasingly used to 

improve the efficacy of chemotherapy (Ogino et al., 2006; Liu et al., 2013; 

Maes et al., 2017; Argueta C., 2017; Mei A. H.-C., 2020). 

According to the literature, p21 protein expression in myeloma cells has 

various roles in tumour prognosis. Some scientists (Khalid et al., 1998; Seo  

et al., 2003) publish studies in which p21 protein expression in myeloma cells, 

as well as in cells of various tumours (e.g., glioblastomas, gastric cancer) 

correlates with a worse prognosis of the disease, but other authors report that 

p21 expression has no statistically significant correlation with disease course 

and prognosis, for example, in breast and oesophageal cancer (Villwock, et al., 

2006; O'Hanlon et al., 2002; Ohata et al., 2005). 
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The expression of p21 protein in myeloma cells often correlates with 

increased p53 protein expression and poorer disease prognosis, as well as more 

frequent resistance to MM chemotherapy agents (Ohata et al., 2005; Kanavaros 

et al., 2000; Fulciniti et al., 2017; Mikhael et al., 2019). 



 

32 

2 Material and methods 
 

2.1 Characterization of the studied data 
 

Bone marrow biopsies and clinical laboratory data of 122 patients with 

primary diagnosed MM from 2011 to 2015 of the Chemotherapy and 

Haematology Clinic of Riga Eastern Clinical University Hospital were 

retrospectively analysed. 

The work was developed in accordance with the international 

Declaration of Helsinki and the regulations of the Republic of Latvia. RSU 

Ethics Commission permit No. 26-4/7/5 (27.06.2014.). 

Data of clinical and laboratory examinations were obtained by analyzing 

patients' outpatient charts and medical histories. 

 

2.2 Clinical and laboratory data of patients 
 

Data on patients' age, gender, as well as laboratory data performed in 

E. Gulbis laboratory were collected (norms are indicated in parentheses): 

B2MKB (0–3 mg/l); LDH (125–240 IU/l); albumin (34–52 g/l); total protein 

(64–84 g/l); haemoglobin level (♂: 126–175 g/l ♀: 118–161 g/l); platelet count 

(150–410 × 109 l); GFR according to MDRD II (“Modification of Diet in Renal 

Disease”) formula (> 90 ml/min); creatinine (♂: 62–115 μmol/l,  

♀: 53–106 μmol/l); CRP (< 8 mg/l); calcium level (2.2–2.6 mmol/l);  

M-gradient (0 g/l); Ig G (800–1800 mg/dl); Ig A (40–400 mg/dL). 

Patients were clinically staged by SDC. A group of patients with 

radiographically and / or clinically confirmed bone tissue damage (fractures, 

osteolytic foci in one or more bones) was distinguished. 
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2.3 Histological processing, routine staining and  

histochemical methods of bone marrow biopsy 
 

All preparations were processed and stained with histochemical and 

immunohistochemical staining methods according to standard protocols used 

daily at RAKUS Pathology Center. 

 

Tissue processing and routine staining method 

Fixation, processing and staining of bone marrow biopsies with H/E 

routine staining method: 

Bone marrow biopsies were fixed in 10% neutral (pH = 7) buffered 

formalin. They were decalcified using Microdecfast fluid (10 minutes) and 

processed using a vacuum processor (Sakura Tissue-Tek VIP 5) and embedded 

in paraffin blocks. From each obtained sample, thin sections up to 5 μm were 

made, which were stained with the routine staining method – haematoxylin and 

eosin, as well as histochemical staining. 

Routine H/E staining was performed using a standard staining protocol 

(Mayer's haematoxylin, Bio-Optica, Italy), which stained basophilic tissue 

structures such as cell nuclei blue or blue-violet, while acidophilic ones such as 

cell cytoplasm bone tissue trabeculae – pink or dark red in colour. 

 

Histochemical methods 

The periodic acid-Shiff (PAS) reaction is a histochemical staining 

method that gives a positive reaction (pink or red colour) with tissue 

glycoproteins, polysaccharides, glycolipids, and mucopolysaccharides. Nuclei 

are stained blue. This staining method helped to interpret the cytological 

characteristics of bone marrow haematopoietic cells as well as the structural 

pathological changes of bone tissue trabeculae (P.A.S. Periodic Acid Schiff 

Hotchkiss McManus stain / reagent kit, Bio-Optica, Italy).  
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The Giemsa staining method helped to interpret the characteristics of 

hemopoietic cells and stroma, the basophilic structures of tissues: the cell 

nuclei were stained blue, while the collagen fibres were stained light blue, in 

turn, the acidophilic ones, such as cell granules, were stained orange or red 

(Giemsa Solution, BioGnost, Croatia). 

Gordon's reticulin determination method, or the so-called silver 

impregnation method of reticular fibres (Gordon & Sweet's reticulin silver 

staining) helped to interpret the degree of fibrosis of the bone marrow, reticular 

fibres being specifically marked in black colour, collagen – in golden yellow 

colour, and connective tissue – in greyish brown (tobacco) colour (Silver 

impregnation for reticulum, Bio- Optica, Italy). 

The preparations were analysed using the light microscope Zeiss Lab.A1 

(Germany), and additionally the digital camera Axiocam ERc 5s (Germany) was 

used in several magnifications of 50×, 200×, 400× and 630× to visualize the 

micropreparations. 

Using routine and histochemical as well as immunohistochemical 

staining methods, we determined in bone marrow biopsies: 

1) bone marrow cellularity – the ratio of the area of islets of 

hemopoietic cells to bone marrow stroma, lipocytes, expressed as a 

percentage, which was calculated using routine and histochemical 

staining methods, in the maximum available (from 6 to 15) fields 

of view at 50× magnification (Justesen et al., 2001); 

2) the amount of myeloma cells, expressed as a percentage, from the 

bone marrow to all nucleated cells: the ratio of bone marrow 

plasma cells to all nucleated haematopoietic cells, which was 

calculated with the help of the CD138 antibody in the maximum 

available fields of view at 200× magnification (Akhmetzyanova et 

al., 2019); 
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3) the type of plasmatic cell infiltration, dividing it into 4 types: A – 

interstitial, B – focal, C – mixed (interstitial and focal) and D – 

diffuse (Bartl et al., 2002; Subramanian et al., 2009); 

4) the percentage of plasma cells with plasmablastic differentiation. 

Plasmablasts – medium-sized cells with one or more nuclei. Their 

number is determined in the maximum available fields of vision at 

400× magnification (Subramanian et al., 2009; Rajkumar et al., 

1999); 

5) the microscopic microosteolytic damage of bone tissue  

trabeculae – present or absent (Hameed et al., 2014; Vallet et al., 

2018; Silbermann et al., 2013); 

6) the presence of myelofibrosis and its degree: degree 0 (none); 

Grade 1 – focal mild reticular fibrosis; Grade 2 – mild reticular 

fibrosis of a diffuse nature; Grade 3 – diffuse or focal “gross” 

reticular fibrosis, and Grade 4 – severe focal or diffuse collagen 

fibrosis (Thiele et al., 2005).  

 

Immunohistochemical staining method  

and primary antibodies 

The immunohistochemical reactivity of the primary antibodies 

(Table 2.1) was determined using the polymer system conjugated with the 

secondary antibody (EnVision kit, Dako, Denmark) with a duration of 30 min. 

DAB solution was used to visualize the immune response by incubating in it for 

5–7 min. In the last step, the preparations were rinsed in distilled water, then 

contrasted with Mayer's haematoxylin (for visualization of cell nuclei) for  

1 minute and dehydrated twice in 96% ethyl alcohol and 5 minutes in xylene, 

the resulting preparations were rinsed in running water and covered with 

coverslips. 
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Table 2.1 

Characteristics of the primary antibodies used in the study 

Antibody Clone Manufacturer Dilution 

CD138 M15 Dako Ready for use 

Ciklīns D1 SP4 Dako Ready for use 

p53 Do-7 Dako Ready for use 

BCL-2 124 Dako Ready for use 

CD56 123C3 Dako 1:50 

p21 DCS-60.2 Cell Marque 1:50 

 

A positive reaction was considered brown staining of structural elements 

of cells – nucleus, cytoplasm or plasmalemma (Table 2.2). 

We expressed the quantity of CD138-positive cells, or myeloma cells, as 

a percentage of all nucleated cells in the bone marrow. On the other hand, we 

interpreted the expression of CD56, BCL-2 antigen and kappa / lambda light 

chain as positive if more than 10% of all myeloma cells were marked (Pruneri 

et al., 2002). 

 

Table 2.2 

Characteristics of the interpretation  

of a positive immunohistochemical reaction 

Antibody 
Localization  

of antigen expression 
Interpretation of a positive reaction 

CD138 In plasmalemma 
Number of positive cells out of all 

nucleated cells, percentage 

Ciklīns D1 In cell nuclei Positive or negative expression 

p53 In cell nuclei Positive or negative expression 

BCL-2 In cytoplasm Positive or negative expression 

CD56 In plasmalemma Positive or negative expression 

p21 In cell nuclei Positive or negative expression 

 

We characterized the expression of cyclin D1 and p53, using a semi-

quantitative system, dividing the positivity of the markers into 2 grades: 

• positive – high or moderately high intensity marker 

expression > 10% in malignant cells; 
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• negative – weak or very low intensity marker expression up to its 

loss or high – moderately high intensity expression < 10% of 

malignant cells (Pruneri et al., 2002). 

The immunohistochemical positive control group included the spinal 

surgery material of three patients with the diagnosis of “deforming spondylitis” 

and chronic inflammatory infiltration, while the negative structures of the bone 

marrow biopsy tissue itself – endothelium, lipocytes, bone tissue, 

megakaryocytes, etc. were used as a negative control. 

 

2.4 Methods of statistical processing of the obtained data 
 

The obtained results were compiled and processed with the help of 

Microsoft Excel 2016 and Graph Pad Prism version 5 (USA) computer 

program. 

All continuous variables were described as arithmetic mean 

(mean ± SD), the range of the data scatter, and 95% CI. 

Correlation of immunohistochemical and morphological parameters 

with clinical laboratory data was performed using Spearman's non-parametric 

correlation test, which was used to calculate the quantitative index of 

tightness – correlation coefficient (rs), with a corresponding interpretation of 

the correlation coefficient. Results were considered statistically significant if 

the p value was less than 0.05 (p < 0.05). 

The non-parametric data, including the categorical ones (gender, clinical 

stage, bone fractures, paraprotein class) were compared using the Mann-

Whitney U-test, and parametric – with a two-sample t-test. D'Agostino-Pearson 

test for normal distribution was performed in comparable groups with non-

categorical parameters. The results with the p value of less than 0.05 were 

accepted as significant differences. 
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We compared the clinical and laboratory parameters of the group of 

4 infiltration types of myeloma cells using the one-way ANOVA test followed 

by the non-parametric Kruskal-Wallis test. 
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3 Results 
 

3.1 Characterization of the clinical laboratory data  

of the research group 
 

The study analysed 122 patients with MM confirmed by clinical 

laboratory and histological findings. Of them, 53 were men and 69 were 

women, aged from 36 to 82 years, the average age was 64.88 ± 10.01 years. 

The age distribution of patients in the study group was consistent with a normal 

distribution p < 0.05. 

The distribution of patients according to SDC was as follows: stage I A 

and I B was determined in 24 patients (20%); Stage II A and II B were 

determined in 55 (45%) patients, and stage III A and III B were in 43 patients 

(35%). 

The most common type of paraprotein demonstrated in patients was IgG 

in 80 patients (66%), and IgA in 23 patients (19%). Bence-Jones myeloma was 

found in 14 patients (11%), and 5 patients (4%) had clinically and 

histologically confirmed non-secretory MM. 

Radiographically and / or clinically confirmed bone tissue lesions 

(fractures, osteolytic foci in one or more bones) were found in 78 patients 

(64%). 

Paraproteinuria was found in 75 patients (51.5%). All the results of the 

laboratory tests of the studied group are reflected in Table 3.1. 

 

Table 3.1 

Characterization of the laboratory data of the research group 

Laboratory tests 
M ± SD 

95 % CI 
Norm* 

Haemoglobin level, g/dl 
101,9 ± 18,43 

95 % CI 98,57–105,2 

♂: 126–175 

♀: 118–161 

Number of platelets, 109 l 
218,5 ± 87,78 

95 % CI 202,8–234,8 
150–410 
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Table 3.1 continued 

Laboratory tests 
M ± SD 

95 % CI 
Norm* 

Total protein level, g/l 
90,99 ± 25,76 

95 % CI 86,38–95,61 
64–84  

Albumin level, g/l 
40,65 ± 20,14 

95 % CI 37–44,26 
34–52 

M-gradient level, g/l 
28,13 ± 18,28 

95 % CI 24,82–31,43 
0 

Creatinine level, µmol/L 
127,3 ± 156,2 

95 % CI 99,25–155,3 

♂: 62–115 

♀: 53–106 

GFR, ml/min 
78,17 ± 46,67 

95 % CI 69,8–86,53 
 > 90 

Calcium level, mmol/L 
2,39 ± 0,28 

95 % CI 2,34–2,44 
2,2–2,6 

B2MKB level, mg/dL 
4,9 ± 4,47 

95 % CI 4,1–5,7 
0–3 

LDH level, IU/l 
361,6 ± 111,3 

95 % CI 340,4–382,9 
125–240 

CRP level, mg/l 
18,1 ± 42,22 

95 % CI 10,53–25,67 
< 8 

* E. Gulbis laboratory 

 

3.2 Characterization of bone marrow biopsy  

morphological data 
 

3.2.1 Bone marrow cellularity 
 

Bone marrow cellularity, expressed as a percentage, ranged from 15% to 

95% (mean 57.87 ± 20.64) with a 95% CI of 54.17–61.57%. The most common 

level of cellularity in the studied group of patients was in the interval from 50% 

to 55%, and the rarest – from 15% to 20% (Figure 3.1). 
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Figure 3.1 Focus of 100% cellularity of the bone marrow 

H/E, 50× magnification. Image by Jurijs Nazarovs. 

 

In the analysed group of patients, bone marrow cellularity corresponded 

to a normal distribution p < 0.05 (D’Agostino-Pearson test for normal 

distribution), so the Spearman test was used to test the correlation between two 

variables. 

A moderately close positive statistically significant correlation of 

increased bone marrow cellularity scores (p < 0.0001, r = +0.45) was found 

with increased B2MKB levels, as well as with increased creatinine (p = 0.0012, 

r = +0.29) and M-gradient blood level when the Spearman correlation 

coefficient was r = +0.24 and the p value was 0.007 (Table 3.2 and Figure 3.2). 

A negative moderately close statistically significant correlation was 

found with increased bone marrow cellularity and decreased haemoglobin 

(p < 0.0001, r = −0.43) and decreased GFR (p < 0.0001, r = −0.36), but weak – 

with reduced albumin level (p = 0.001, r = −0.29). 
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Table 3.2 

Correlation of bone marrow cellularity with all clinical laboratory data 

Clinical laboratory data Correlation with bone marrow cellularity 

B2MKB level Positive, moderately close (p < 0.0001, r = +0.45) 

Albumin level Negative, weak (p = 0.001, r = −0.29) 

Haemoglobin level Negative, moderately close (p < 0.0001, r = −0.43) 

Glomerular filtration rate Negative, moderately close (p < 0.0001, r = −0.36) 

Creatinine level Positive, weak (p = 0.0012, r = +0.29) 

M-gradient level Positive, weak (p = 0.007, r = +0.24) 

Stage, by SDC Positive, moderately close (p < 0.0001, r = +0.4) 

Age Not found (p > 0.05) 

Gender Not found (p > 0.05) 

Lactate dehydrogenase level Not found (p > 0.05) 

Total protein level Not found (p > 0.05) 

Platelet count Not found (p > 0.05) 

X-ray bone lesions Not found (p > 0.05) 

Calcium level Not found (p > 0.05) 

CRP Not found (p > 0.05) 

Paraproteinuria Not found (p > 0.05) 

 

A moderately close statistically significant positive correlation was also 

found with increased bone marrow cellularity and later stages of MM according 

to SDC (p < 0.0001, r = +0.4). 

In the analysed group of patients, no statistically reliable correlation was 

found between bone marrow cellularity and age, gender, radiologically-

clinically proven bone tissue damage, paraprotein class, number of platelets, as 

well as LDH, total protein, calcium and CRP levels were not found (p > 0.05). 

All obtained results are reflected in Table 3.2. 
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Figure 3.2 Correlation of bone marrow cellularity with:  

GFR (p < 0.0001, r = −0.36); B) B2MKB level (p < 0.0001, r = +0.45); 

C) creatinine level (p = 0.0012, r = +0.29); D) M-gradient level  

(p = 0.007, r = +0.24); E) haemoglobin level (p < 0.0001, r = −0.43);  

F) albumin level (p = 0.001, r = −0.29) 
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3.2.2 The number of myeloma cells in the bone marrow (CD138+) 
 

The percentage of myeloma cells of all bone marrow nucleated cells 

ranged from 15% to 90% (mean 52.14 ± 21.1) with a 95% CI of 48.36–55.92 

(Figure 3.3). The most common number of myeloma cells in the bone marrow 

was between 30% and 35%, and the rarest between 36% and 40%. 

 

 

Figure 3.3 Cluster of small and medium-sized myeloma cells (85–90%) 

H/E, 400× magnification. Image by Jurijs Nazarovs. 

 

In the study group of patients, the number of myeloma cells in the bone 

marrow corresponded to a normal distribution p < 0.05 (D’Agostino-Pearson 

test for normal distribution), the correlation between two variables was 

calculated using the Spearman test. 

A moderately close positive statistically significant correlation was 

found between increased myeloma cells and increased B2MKB levels 
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(r = +0.47, p < 0.0001) and with later stages, according to SDC (r = +0.5,  

p < 0 .0001). A weak statistically significant positive correlation was found 

between increased myeloma cells and increased creatinine (p = 0.031, r = +0.2) 

and M-gradient blood levels (p = 0.002, r = +0.28), as well as more frequent 

clinical for radiologically confirmed bone tissue damage (p = 0.0078, 

r = +0.24). 

 

Table 3.3 

Correlation of myeloma cell counts with all clinical laboratory data 

Clinical laboratory data Clinical laboratory data 

B2MKB level Positive, moderately close (p < 0.0001, r = +0.47) 

Albumin level Negative, weak (p = 0.0007, r = −0.3) 

Haemoglobin level Negative, moderately close (p < 0.0001, r = −0.53) 

Glomerular filtration rate Negative, weak (p = 0.0019, r = −0.28) 

Creatinine level Positive, weak (p = 0.031, r = +0.2) 

X-ray bone lesions Positive, weak (p = 0.0078, r = +0.24) 

M-gradient level Positive, weak (p = 0.002, r = +0.28) 

Stage, according to SDC Positive, moderately close (p < 0.0001, r = +0.5) 

Age Not found (p > 0.05) 

Gender Not found (p > 0.05) 

Lactate dehydrogenase level Not found (p > 0.05) 

Total protein level Not found (p > 0.05) 

Platelet count Not found (p > 0.05) 

Calcium level Not found (p > 0.05) 

CRP Not found (p > 0.05) 

Paraproteinuria Not found (p > 0.05) 

 

A moderately close negative statistically significant correlation was 

found between increased number of myeloma cells and decreased haemoglobin 

(p < 0.0001, r = 0.53) and albumin levels (p = 0.0007, r = −0.3), but a weak 

correlation between myeloma cell increased quantity and reduced GFR, with 

Spearman’s coefficient r = −0.28 and p value 0.0019 (Table 3.3). 
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3.2.3 Characterization of the infiltration type of myeloma cells 
 

In the study group of patients, the most common type of myeloma cell 

infiltration was found in the bone marrow of 47% (n = 57). Diffuse infiltration 

was found in 29% (n = 35), interstitial in 15% (n = 19), and focal infiltration in 

only 9% (n = 11) (Figure 3.4).  

 

 

Figure 3.4 Bone marrow with interstitial infiltration type  

of myeloma (CD138+) 

CD138, 200× magnification. Image by Jurijs Nazarovs. 

 

Comparing the clinical and laboratory indicators, dividing the studied 

patients by the type of myeloma cell infiltration, using one-way ANOVA with 

the subsequent non-parametric Kruskal Wallis test, a statistically significant 

difference (p < 0.05) was found between haemoglobin, B2MKB, creatinine and 

the level of M-gradient, as well as the number of platelets, GFR, radiologically 

and clinically confirmed presence of bone tissue damage and stages, according 

to SDC (Table 3.4). 
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Table 3.4 

Clinical and laboratory indicators by the patients’ type  

of myeloma cell infiltration 
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When comparing two groups with different infiltration types of 

myeloma cells, using the non-parametric Mann-Whitney U-test, it was found 

that the group of patients with interstitial infiltration type had a statistically 

significant (p < 0.05) higher haemoglobin level than the group with diffuse 

infiltration type 117.6 ± 12.82 vs 89.89 ± 17.23, p < 0.0001, lower B2MKB 

6.93 ± 5.9 vs 2.56 ± 0.89, p < 0.0001, M-gradient 17.46 ± 12.86 vs 

31.07 ± 22.48, p = 0.03 and creatinine level 72.21 ± 19.83 vs 203.2 ± 252.2, 

p = 0.0005, and in the group with interstitial infiltration type less diagnoses 

radiographically and clinically confirmed bone tissue lesions than in the group 

with diffuse infiltration type n = 25 (71.4%) vs n = 7 (37%), p = 0.02. 

A statistically reliable lower LDH level (Mann-Whitney U-test) is found 

in the group of patients with focal infiltration type of malignant cells than in the 

group with diffuse infiltration type 294.1 ± 77.19 versus 372.1 ± 137.9 IU/L 

(Table 3.4). 

In groups of patients with interstitial and focal infiltration type, earlier 

stages, according to SDC are statistically more likely than in groups with mixed 

and diffuse type. 

 

3.2.4 Quantitative characterization of myeloma cells  

with plasmablastic differentiation 

 

In the analysed group, the amount of myeloma cells with plasmablastic 

differentiation, expressed as a percentage, ranged from 0% to 74% (mean – 

9.87 ± 17.34%) with a 95% CI of 6.76–12.98% (Figure 3.5). 

A moderately close statistically significant positive correlation was 

found between increased number of myeloma cells with plasmablastic 

differentiation and increased B2MKB levels (r = +0.34, p = 0.0001) and 

between increased M-gradient blood levels (p < 0.0001, r = +0.35) and later 

stages, according to SDC (r = +0.4, p < 0.0001;) (Table 3.5). A weak 
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statistically significant positive correlation was found between myeloma cells 

with increased plasmablastic differentiation and increased creatinine (p = 0.015, 

r = +0.22) and increased total protein in the blood (p = 0.0078, r = +0 ,24). 

A moderately close negative statistically significant correlation was 

found between increased myeloma cells with plasmablastic differentiation and 

decreased haemoglobin (p = 0.0006, r = −0.31). A weak negative statistically 

significant correlation was found between increased number of myeloma cells 

with plasmablastic differentiation and decreased GFR (p = 0.0007, r = −0.3) as 

well as albumin level (p = 0.001, r = −0.29). 

The obtained results are reflected in Table 3.5. 

 

 

Figure 3.5 Myeloma cells with plasmablastic differentiation (←) 

Giemsa, 400× magnification. Image by Jurijs Nazarovs. 
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Table 3.5 

Correlation of the amount of plasmablastic differentiation  

of myeloma cells with all clinical laboratory data 

Clinical laboratory data 
Correlation with the amount of myeloma 

cells with plasmablastic differentiation  

B2MKB level Positive, moderately tight 

Albumin level (p = 0.0001, r = +0.34) 

Total protein level Negative, weak 

Haemoglobin level (p = 0.001, r = −0.29) 

Glomerular filtration rate Positive, weak 

Creatinine level (p = 0.014, r = +0.22) 

M-gradient level Negative, moderately tight 

Stage, according to SDC (p = 0.0006, r = −0.31) 

Age Negative, weak 

Gender (p = 0.0007, r = −0.3) 

Lactate dehydrogenase level Positive, weak 

Platelet count (p = 0.015, r = +0.22) 

X-ray bone lesions Positive, moderately tight 

Calcium level (p < 0.0001, r = +0.35) 

CRP Positive, moderately tight 

Paraproteinuria (p < 0.0001, r = +0.4) 

 

3.2.5 Microscopic microosteolytic lesions of bone trabeculae 
 

We found microscopic osteolytic damage of bone trabeculae in 78 

(64%) patients (Figure 3.6). 

A moderately close positive statistically significant correlation was 

found between the more frequently detected microscopic microosteolysis of 

bone tissue trabeculae and B2MKB level (p < 0.0001, r = +0.35), as well as 

between later stages, according to SDC (p < 0.0001, r = + 0.37). 

A weak statistically reliable positive correlation was demonstrated 

between the more frequently detected microscopic microosteolysis of bone 

tissue trabeculae and increased levels of total protein (p = 0.014, r = +0.23), 

creatinine (p = 0.013, r = +0.22), calcium (p = 0.027, r = +0.2) and M-gradient 

blood levels (p = 0.0023, r = +0.28), as well as more frequent radiologically 

clinically confirmed bone lesions (p = 0.0048, r = +0.25). 
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Figure 3.6 Microscopic focus of osteolysis (←) with osteoclast aggregation 

H/E, 200× magnification. Image by Jurijs Nazarovs. 

 

A moderately close negative statically reliable correlation was found 

between the more frequent microscopic microosteolysis of bone tissue 

trabeculae and reduced albumin (p = 0.0003, r = −0.32) as well as haemoglobin 

levels (p < 0.0001, r = −0.36) and GFR (p = 0.0027, r = −0.27). 

 

Table 3.6 

Correlation of microscopic osteolytic damage of bone trabeculae  

with all clinical laboratory data 

Clinical laboratory data 
Correlation with microscopic osteolytic damage  

of bone tissue trabeculae 

B2MKB level Positive, moderately close (p < 0.0001, r = +0.35) 

Albumin level Negative, moderately close (p = 0.0003, r = −0.32) 

Total protein level Positive, weak (p = 0.014, r = +0.23) 

Haemoglobin level Negative, moderately close (p < 0.0001, r = −0.36) 

Glomerular filtration rate Negative, weak (p = 0.0027, r = −0.27) 
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Table 3.6 continued 

Clinical laboratory data 
Correlation with microscopic osteolytic damage  

of bone tissue trabeculae 

Creatinine level Positive, weak (p = 0.013, r = +0.22) 

X-ray bone lesions Positive, weak (p = 0.0048, r = +0.25) 

Calcium level Positive, weak (p = 0.027, r = +0.2) 

M-gradient level Positive, weak (p = 0.0023, r = +0.28) 

Stage, according to SDC Positive, moderately close (p < 0.0001, r = +0.37) 

Age Not found (p > 0.05) 

Gender Not found (p > 0.05) 

Lactate dehydrogenase level Not found (p > 0.05) 

Platelet count Not found (p > 0.05) 

CRP Not found (p > 0.05) 

Paraproteinuria Not found (p > 0.05) 

 

In patients with microscopic osteolysis of bone tissue trabeculae, 

statistically reliably higher levels of B2MKB (mg/dL) 5.92 ± 5.13 vs 3.12 ± 2 

(p = 0.0001), higher levels of total protein (g/L) 94, 58 ± 27.32 vs 

84.64 ± 21.58 (p = 0.012), higher creatinine (µmol/L) 148.1 ± 187.6 vs 

90.36 ± 58.76 (p = 0.0143) and higher calcium (mmol/L) 2.43 ± 0.3 vs 

2.31 ± 0.2 (p = 0.028) but lower haemoglobin (g/dL) 97.06 ± 17.49 vs 

110.4 ± 17.08 (p < 0.0001), GFR (m/min/1.73 m2) 70.99 ± 49.25 vs 

90.89 ± 39.08 (p = 0.0031) (Figure 3.7). 

In patients with microscopic osteolytic lesion of bone tissue 

trabeculae, radiographically-clinically confirmed bone tissue lesions are 

statistically more often detected 77% (n = 57) vs 48% (n = 21), p = 0.0054, as 

well as later stages, according to SDC (p < 0, 0001). 

The obtained results were reflected in Table 3.6. 
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Figure 3.7 Comparison of patient groups with  

and without microscopic microosteolysis 

A) by M-gradient level (p = 0.0015, two-sample t-test); B) with calcium level 

(p = 0.028, Mann-Whitney U-test); C) GFR (p = 0.031, Mann-Whitney U-test) and 

D) with creatinine level (p = 0,0143, Mann-Whitney U-test) 

 

3.2.6 Degree of bone marrow myelofibrosis 
 

Focal moderate reticular fibrosis (grade 1) was diagnosed in  

61 patients (50%), diffuse mild reticular fibrosis (grade 2) – in 19 patients 

(16%), and diffuse gross reticular fibrosis was found in only 3 patients (2%).  

In the analysed group, 39 patients (32%) showed no signs of bone marrow 

myelofibrosis (Figure 3.8). 

A statistically reliable correlation between the degree of myelofibrosis 

and clinical laboratory parameters was not found (p > 0.05). 
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Figure 3.8 Diffuse (grade 2) mild reticular fibrosis 

Gordon reticulin detection method, 200× magnification. Image by Jurijs Nazarovs. 

 

3.3 Characterization of diagnostic and prognostic 

immunohistochemical markers of MM 
 

3.3.1 CD56 
 

CD56 positivity with intense expression in all myeloma cells was found 

in 95 (78%) cases in the analysed patient group (Figure 3.9). 

A moderately close positive statically reliable correlation was found 

between more frequent CD56 marker expression and increased GFR 

(p < 0.0001, r = +0.43), weak correlation – between increased haemoglobin 

(p = 0.005, r = +0.25) level, as well as the number of platelets (p = 0.031, 

r = +0.2). 

A moderately close negative statically reliable correlation was found 

between higher expression of the CD56 marker in myeloma cells and decreased 

creatinine levels (p < 0.0001, r = −0.43), and a weak correlation – between 

B2MKB levels (p = 0.013, r = −0, 22) as well as between later stages, 

according to SDC (p = 0.0009, r = −0.3). 
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Figure 3.9 Diffuse myeloma cell infiltration of the bone marrow,  

with aberrant CD56 antigen expression in the plasma membrane  

or plasmalemma 

CD56, 100× magnification. Image by Jurijs Nazarovs. 

 

In the analysed group of patients, no statistically reliable correlation 

was found between CD56 marker expression and age, gender, radiologically 

and / or clinically proven bone tissue damage, paraprotein type, paraproteinuria, 

as well as LDH, total protein, calcium, albumin, M-gradient and CRP levels 

(p > 0.05) (Table 3.7). 

In the group of patients with CD56 antigen expression in myeloma 

cells, statistically reliably lower B2MKB (mg/dL) 4.11 ± 3.34 vs 7.81 ± 6.54 

(p = 0.0141), creatinine (µmol/L) 101.1 ± 111.7 vs 219.3 ± 239 (p < 0.0001), 

calcium (mmol/L) 2.31 ± 0.2 vs 2.43 ± 0.3 (p = 0.028) level, but relatively 

higher haemoglobin level (g/dL) 104.3 ± 17.6 vs 93.33 ± 19.13 (p = 0.0059), as 

well as higher GFR (ml/min/1.73 m2) 87.36 ± 47.12 vs 45.82 ± 26.73 

(p < 0.0001). 

In the CD56-positive study group, earlier stages, according to SDC are 

statistically reliably more frequent (p < 0.0012). 
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When evaluating the groups of patients with positive and negative 

expression of CD 56, no statistically reliable correlation was found between 

patients' age, gender, LDH, albumin, total protein, calcium, M-gradient levels, 

as well as with patients' radiologically-clinically confirmed bone tissue damage, 

CRP and paraproteinuria presence (p > 0.05). 

 

Table 3.7 

Representation of correlations of CD56 marker expression  

in myeloma cells with all clinical laboratory data 

Clinical laboratory data 
Correlation with CD56 marker expression  

in myeloma cells 

B2MKB level Negative, weak (p = 0.013, r = −0.22) 

Haemoglobin level Positive, weak (p = 0.005, r = +0.25) 

Platelet count Positive, weak (p = 0.031, r = +0.2) 

Glomerular filtration rate Positive, moderately close (p < 0.0001, r = +0.43) 

Creatinine level Negative, moderately close (p < 0.0001, r = −0.43) 

Stage, according to SDC Negative, weak (p = 0.0009, r = −0.3) 

Age Not found (p > 0.05) 

Gender Not found (p > 0.05) 

Lactate dehydrogenase level Not found (p > 0.05) 

Albumin level Not found (p > 0.05) 

Total protein level Not found (p > 0.05) 

X-ray bone lesions Not found (p > 0.05) 

Calcium level Not found (p > 0.05) 

M-gradient level Not found (p > 0.05) 

CRP Not found (p > 0.05) 

Paraproteinuria Not found (p > 0.05) 

 

3.3.2 BCL-2 
 

BCL-2 antigen expression in myeloma cells was detected in 118 MM 

patients (96.7%) (Figure 3.10). 

Statistical calculations did not show significant statistically reliable 

differences between clinical laboratory data in groups of patients with and 

without BCL-2 expression in myeloma cells (p > 0.05). 
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Figure 3.10 Myeloma cells with BCL-2 antigen expression in the cytoplasm  

BCL-2, 200× magnification. Image by Jurijs Nazarovs. 

 

3.3.3 Ciklīns D1 
 

In the analysed group of patients, cyclin D1 antigen expression in 

myeloma cells was detected in 62 patients (50.8%) (Figure 3.11). 

Groups with parametric clinical laboratory parameters were compared 

using the two-sample t-test, and with non-parametric ones – the Mann-Whitney 

U-test, while the correlation between cyclin D1 positive and negative groups 

and clinical laboratory data was calculated using the Spearman test. 

A weak positive statically reliable correlation was found between more 

frequent cyclin D1 antigen expression in myeloma cells and increased levels of 

B2MKB (p = 0.033, r = +0.19) and calcium (p = 0.009, r = +0.24), more 

frequent radiologically and clinically for proven bone lesions (p = 0.0014; 

r = +0.29) and later stages, according to SDC (p = 0.002, r = +0.28). 
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Figure 3.11 Myeloma cells with cyclin D1 antigen expression in nuclei 

Cyclin D1, 200× magnification. Image by Jurijs Nazarovs. 

 

The group of patients with cyclin D1 antigen expression in myeloma 

cells shows statistically reliably higher B2MKB (mg/dL) 5.5 ± 4.58 vs 

4.27 ± 4.3 (p = 0.034) and serum calcium (mmol/L) 2, 43 ± 0.28 vs 2.34 ± 0.27 

(p = 0.0096) (Table 3.8). 

In the group of patients with cyclin D1 expression, radiologically and 

clinically confirmed bone lesions are statistically reliably more frequent 

(p = 0.0017), as well as later stages, according to SDC (p = 0.0025). 

Comparing the positive and negative groups of cyclin D1, there is no 

statistically reliable correlation between patient age, sex, LDH, albumin, total 

protein, haemoglobin, calcium, creatinine, M-gradient level, as well as GFR, 

platelet count, CRP and presence of paraproteinuria (p > 0 ,05). 
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Table 3.8 

Correlation of cyclin D1 marker expression in myeloma cells  

with all clinical laboratory data 

Clinical laboratory data 
Correlation with cyclin D1 marker 

expression 

B2MKB level Positive, weak (p = 0.033, r = +0.19) 

X-ray bone lesions Positive, weak (p = 0.0014, r = +0.29) 

Calcium level Positive, weak (p = 0.009, r = +0.24) 

Stage, according to SDC Positive, weak (p = 0.002, r = +0.28) 

Age Not found (p > 0.05) 

Gender Not found (p > 0.05) 

Lactate dehydrogenase level Not found (p > 0.05) 

Albumin level Not found (p > 0.05) 

Total protein level Not found (p > 0.05) 

Haemoglobin level Not found (p > 0.05) 

Platelet count Not found (p > 0.05) 

Glomerular filtration rate Not found (p > 0.05) 

Creatinine level Not found (p > 0.05) 

M-gradient level Not found (p > 0.05) 

CRP Not found (p > 0.05) 

Paraproteinuria Not found (p > 0.05) 

 

3.3.4 p53 
 

Myeloma cells with expressed nuclear positivity of p53 antigen were 

found in 44 cases (36%) in the analysed group of patients (Figure 3.12). 

A moderately close positive statically reliable correlation was found 

between more frequent p53 antigen expression in myeloma cells and later 

stages of MM, according to SDC (p < 0.0001, r = +0.41). A weak positive 

statically reliable correlation was found between higher p53 antigen expression 

and increased B2MKB levels (p = 0.0025, r = +0.27), as well as creatinine 

(p = 0.018, r = +0.21) and CRP levels (p = 0.025, r = +0.2). 
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Figure 3.12 p53 antigen expression in more than 90% of myeloma cells 

p53, 200× magnification. Image by Jurijs Nazarovs. 

 

A moderately close negative statically reliable correlation was found 

between higher expression of the p53 marker in myeloma cells and reduced 

haemoglobin (p < 0.0001, r = −0.38), but weak – between reduced platelet 

count (p = 0.023, r = −0 .21) and reduced GFR (p = 0.021, r = −0.21)  

(Table 3.9). 

p53 antigen positivity in the patient group statistically reliably higher 

B2MKB (mg/dL) 5.84 ± 4.66 vs 4.37 ± 4.3 (p = 0.029), increased creatinine 

(mmol/L) 164.5 ± 203.6 vs 106.3 ± 118.1 (p = 0.0192), as well as increased 

CRP level (mg/L) 29.39 ± 62 vs 11.73 ± 23.24 (p = 0.0258). 

In the group of patients with p53 antigen expression in myeloma cells, 

lower haemoglobin level (g/dL) 92.55 ± 17.13 vs 107.1 ± 17.1 (p < 0.0001) and 

platelet count (109 L) 193 are statistically reliably more common. .8 ± 87.65 vs 

232.5 ± 85.3 (p = 0.0188), as well as lower GFR (m/min/1.73 m2) 

66.66 ± 44.51 vs 84.65 ± 46, 9 (p = 0.0215). 
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Table 3.9 

Correlation of myeloma cell p53 antigen expression  

with all clinical laboratory data 

Clinical laboratory data 
Correlation with p53 antigen expression  

in myeloma cells 

B2MKB level Positive, weak (p = 0.0025, r = +0.27) 

Haemoglobin level Negative, moderately close (p < 0.0001, r = −0.38) 

Platelet count Negative, weak (p = 0.023, r = −0.21) 

Glomerular filtration rate Negative, weak (p = 0.021, r = −0.21) 

Creatinine level Positive, weak (p = 0.018, r = +0.21) 

Stage, according to SDC Positive, moderately close (p < 0.0001, r = +0.41) 

CRP Positive, weak (p = 0.025, r = +0.2) 

Age Not found (p > 0.05) 

Gender Not found (p > 0.05) 

Lactate dehydrogenase level Not found (p > 0.05) 

Albumin level Not found (p > 0.05) 

Total protein level Not found (p > 0.05) 

X-ray bone lesions Not found (p > 0.05) 

Calcium level Not found (p > 0.05) 

M-gradient level Not found (p > 0.05) 

Paraproteinuria Not found (p > 0.05) 

 

In the group of patients with p53 expression, later stages, according to 

SDC are statistically reliably more common (p < 0.0001). 

 

3.3.5 p21 

 

In the analysed group of patients, myeloma cells with p21 antigen 

nuclear positivity (Figure 3.13) were detected in 34 (28%) cases. 

A weak positive statistically reliable correlation (Table 3.10) only found 

between more frequent expression of p21 antigens and increased level of  

M-gradient (p = 0.022, r = +0.21) as well as later stages of MM, according to 

SDC (p = 0.013), r = +0.22). 

A weak negative statistically reliable correlation was found between 

more frequent p21 antigen expression and reduced albumin levels (p = 0.033, 

r = −0.19). 
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In the group of patients with p21 expression, later stages of MM, 

according to SDC are statistically reliably more common (p < 0.0135). 

In the group of patients with p21 antigen expression in myeloma cells, 

lower albumin levels (g/L) 38.89 ± 13.62 vs 41.33 ± 22.18 (p = 0.0334) and 

increased M-gradient levels (g/L) 34.74 ± 19.86 vs 25.62 ± 17.11 (p = 0.014). 

 

 

Figure 3.13 p21 antigen expression in myeloma cell nuclei p21 

400× magnification. Image by Jurijs Nazarovs. 
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Table 3.10 

Correlation of myeloma cell p21 antigen expression  

with all clinical laboratory data 

Clinical laboratory data 
Correlation with p21 antigen 

expression in myeloma cells 

Albumin level Negative, weak 

M-gradient level (p = 0.033, r = −0.19) 

Stage, according to SDC Positive, weak 

Age (p = 0.022, r = +0.21) 

Gender Positive, weak 

B2MKB level (p = 0.013, r = +0.22) 

Lactate dehydrogenase level Not found (p > 0.05) 

Total protein level Not found (p > 0.05) 

Haemoglobin level Not found (p > 0.05) 

Platelet count Not found (p > 0.05) 

Glomerular filtration rate Not found (p > 0.05) 

Creatinine level Not found (p > 0.05) 

X-ray bone lesions Not found (p > 0.05) 

Calcium level Not found (p > 0.05) 

CRP Not found (p > 0.05) 

Paraproteinuria Not found (p > 0.05) 
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4 Discussion 
 

Analyzing the publications in the world literature available to us and 

Latvian statistical data, it was concluded that an increase in the incidence of 

MM has been observed over the last 10 years. In Latvia, the incidence has 

increased from 4.06 cases to 5.5 cases per 100 000 inhabitants in 2008 and 

2017, respectively (SPKC). The five-year survival rate in Latvia varies from 

30% to 50% in recent years, and thanks to the latest treatment techniques, 

patients live 10–20 or even more years after diagnosis (Pildava, 2012; Lejniece 

et al., 2014), therefore, research into the histological and immunohistochemical 

specificities of myeloma cells, which are linked to the prognosis of MM and the 

individual treatment plan for each patient, is of great relevance. 

 

Bone marrow cellularity 

Bone marrow cellularity in MM cases is one of the most important and 

easily determined non-specific histological parameters (Stifter, 2010), which, 

according to several authors, has a prognostic significance. In patients with the 

highest cellularity, later stages of MM and shorter survival are more often 

detected (Bartl,1987, Riccardi,1990; Singhal, 2004; Dass, 2019). 

Considering the fact that the average age of the patients in our study 

group exceeded 60 years, the average cellularity index exceeded the age norm 

(57.87 ± 20.64% on average). In patients with a higher cellularity index in the 

bone marrow, MM is associated not only with a later stage of MM, according 

to SDC, but also with worse clinical laboratory prognostic indicators such as 

increased levels of B2MKB, albumin, creatinine, M-gradient, decreased platelet 

count and GFR. The findings of our study are consistent with those of other 

authors (Stifter, 2010; Bartl, 1987; Riccardi, 1990; Singhal, 2004; Dass, 2019) 

in that the primary diagnosis of MM can already be used to judge the prognosis 

of a given patient based on the cellularity of the bone marrow. 
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The amount of myeloma cells 

Several clinical studies indicate that an increased amount (over 40–50% 

and more) of myeloma cells in bone marrow biopsies is associated with later 

disease stages and shorter survival (Singhal et al., 2004; Dass et al., 2019). For 

example, Subramanian (2009) and co-authors analysed 55 trephine biopsies 

from patients with MM and concluded that patients with a myeloma cell count 

above 50% had a poorer prognosis and shorter survival, which is also consistent 

with our finding. According to the results of various studies, an increased 

amount of CD138-marked myeloma cells mechanically suppresses 

haematopoiesis in the bone marrow, and they release cytokines, interleukins, 

paraprotein in the body, which contribute to bone and kidney damage, but 

the pathological changes in the kidneys, in turn, suppress the synthesis of 

erythropoietin and thus worsening the anaemia (Lokhorst et al., 2002; Musto  

et al., 1998; Korbet et al., 2006; Akhmetzyanova, 2019). 

In our analysed group of patients, the amount of myeloma cells was on 

average 52.14 ± 21.1%. Increased myeloma cells correlated with decreased 

albumin, Hb, creatinine, platelet count, GFR, but increased B2MKB and  

M-gradient levels, late stages, according to SDC and more frequent bone 

lesions. Decreased Hb, GFR, and platelet count correlated with replacement of 

bone marrow haematopoietic (myeloid, red, etc.) cells by myeloma cells. It is 

possible that this could also be related to co-morbidities of the patients' age or 

to the fact that the patients already had deterioration of kidney function due to 

the effects of co-morbidities such as arterial hypertension, atherosclerosis or 

diabetes mellitus before the development of MM. 
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Type of myeloma cell infiltration 

The type of infiltration of myeloma cells (interstitial, focal, mixed 

(interstitial and focal) and diffuse) plays an important role in the prognosis of 

the disease, as they correlate with several clinical laboratory parameters. It was 

found that the group of patients with interstitial infiltration had statistically 

reliably more often better laboratory parameters, such as lower B2MKB and 

creatinine and higher Hb, Tr count and earlier stages of MM, than the group of 

patients with mixed or diffuse infiltration type, which is in agreement with the 

literature data where the type of infiltration was studied in relation to survival 

(Sailer et al., 1995; Riccardi et al., 1990). 

The interstitial infiltration type can be conditionally defined as the initial 

phase of disease progression, which takes place with initial or minimal bone 

marrow damage, it was also observed in our analysed group of patients with 

minimal clinical laboratory changes. In our study, in the group of patients with 

interstitial infiltration type, compared to diffuse or mixed infiltration type, 

stage I, according to SDC, as well as low B2MKB, M-gradient level, as well as 

the relatively higher Hb level were detected more often. Park (2016), in a study 

of lymphomas, found that bone marrow is infiltrated interstitially or focally in 

earlier stages of less aggressive lymphoma types, which is also consistent with 

our finding in MM. Shi (2015) and co-authors, in a study on bone marrow 

damage in cases of lymphoproliferative diseases, recommends indicating the 

type of bone marrow infiltration in the pathohistological opinion, so that 

clinicians can further use it to evaluate patient prognosis and select therapy. 

 

Myeloma cells with plasmablastic differentiation 

The role of plasmablastic differentiation in the pathogenesis of MM has 

not yet been fully explored, but the high percentage of myeloma cells with 

plasmablastic differentiation is clearly a bad pathohistological marker of MM, 
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as several authors in their studies associate it with a worse prognosis and 

shorter survival (Greipp, 1985, Kuriakose, 1995, Suarez-Londono, 2020). It is 

possible that plasmablasts synthesize cytokines, which in turn stimulate 

myeloma cell proliferation and disease progression, as cytokines also stimulate 

osteoclast activation. 

Greipp (1998) and co-authors, analyzing the bone marrow cytological 

material (so-called aspirates) of 600 patients, determined that an increased 

amount of interleukin-6 in the blood correlates with an increased amount of 

plasmablasts in MM patients. On the other hand, Srija (2014) and co-authors 

emphasizes that in MM with plasmablastic differentiation, a worse prognosis is 

associated with more frequent damage to kidney function, which is most likely 

related to increased proliferation of myeloma cells and subsequent pathological 

protein synthesis, which also causes damage to the renal parenchyma and  

a shorter survival of patient. The pathophysiological mechanism of kidney 

damage in MM is explained by free monoclonal light chains (kappa, lambda), 

which due to their low molecular weight are freely filtered through the renal 

glomerular apparatus and then reabsorbed mostly in the proximal renal tubules 

by endocytosis. Because of the overproduction of these light chains in MM, the 

reabsorptive capacity of the proximal renal tubule epithelial cells is exceeded, 

especially in cases with an increased amount of CD138+ myeloma cells in the 

bone marrow or with a higher percentage of myeloma cells with the lowest 

differentiation, such as plasmablastic differentiation (Srija et al., 2014), 

resulting in tubulointerstitial nephropathy (Hutchison et al., 2010; Lamb et al., 

2013). 

The amount of myeloma cells with plasmablastic differentiation in our 

study averaged 9.87 ± 17.34%, and patients with more plasmablasts had 

increased levels of B2MKB, Hb, and M-gradient, decreased GFR, and more 

frequent late stages, according to SDC. 
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Microosteolytic lesions of bone tissue 

Although microosteolytic lesions of bone tissue have been relatively 

rarely analysed in studies (Vallet et al., 2018; Silbermann et al., 2013), their 

finding in the trepan biopsies of our patients statistically reliably correlates with 

almost all the worst prognostic clinical laboratory parameters. Microosteolytic 

lesions of bone trabeculae are relatively easy to determine in micropreparations 

with H/E staining. It is a relatively cheap, everyday method, so the presence of 

foci of microosteolysis should be recorded as a parameter of the adverse course 

of MM. In our study, morphological microosteolytic lesions of bone tissue 

trabeculae were found in 78 (64%) patients, and it was statistically reliably 

correlated with several more prognostically unfavourable clinical laboratory 

parameters, such as increased B2MKB, decreased GFR, as well as later stages, 

according to SDC. 

 

Myelofibrosis 

Our study did not confirm the prognostic significance of the degree of 

bone marrow myelofibrosis in MM patients. Bone marrow examination results 

show that the degree of myelofibrosis in patients with different stages of SDC 

and variable laboratory prognostic tests was relatively the same. It is possible 

that the degree of myelofibrosis of the bone marrow is important for monitoring 

patients in dynamics or in evaluating the effectiveness of treatment, since 

several studies compared this parameter in trepan biopsies in dynamics and 

described it as a response to the received therapy (Hallgrimsdottir et al., 2013; 

Pulsoni et al., 1993), which was not the aim of this research work and was not 

evaluated. 
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CD56 

CD56 antigen expression in MM cells was a relatively frequent finding 

in our study, being diagnosed in 78% of cases. This finding is consistent with 

literature data, where the authors state that it ranges from 70% to 80% in MM 

incidence (Harada et al., 1993; Harrington et al., 2009). 

CD56 antigen deficiency in myeloma cells in our study, as well as in the 

works of other scientists (Hundemer et al., 2007; Chang et al., 2006; Ceran, 

2017 et al.; Skerget et al., 2018) correlates with such prognostically worse 

clinical laboratory parameters as higher levels of B2MKB, more pronounced 

renal damage (creatinine level and GFR corresponding changes), 

thrombocytopenia, as well as later stages of MM (Hundemer et al., 2007, 

Rawstron et al., 1999; Sahara et al., 2002; Chang et al.., 2006; Ceran et al., 

2017; Skerget et al., 2018). A worse prognostic significance of CD56 antigen 

could be associated with ineffective chemotherapy and more frequent 

development of complications, such as renal failure (Ceran et al., 2017; Skerget 

et al., 2018). Other authors (Dunphy et al., 2007), on the other hand, found no 

correlation between CD56 expression in myeloma cells and clinical prognostic 

parameters, as well as with patient survival (Durie et al., 1975; Fechtner et al., 

2010). This may be explained by the small number of MM patients in the 

mentioned studies or by the fact that less standardized manual 

immunohistochemical staining methods were used. 

It is useful to use the CD56 marker for diagnostic purposes, in cases 

with partial infiltration of the bone marrow with myeloma cells (10–15%), to 

demonstrate atypia in them, as well as in the clinic – for prognostic purposes, to 

determine the course of the disease and the effectiveness of the selected therapy 

(Dass J., 2019). CD56 expression in myeloma cells without the interpretation of 

other morphological and immunohistochemical markers cannot be the only 

prognostic histopathological criterion for MM, because, for example, a study by 
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Lithuanian colleagues found CD56 expression in myeloma cells (CD138+ 

cells) in healthy people by flow cytometry (Peceliunas V., 2011). 

 

BCL-2 

The next immunohistochemical marker that was analysed in our study is 

the BCL-2 family gene, which determines the synthesis of the BCL-2 protein 

and has the most important role in the inactivation of cell apoptosis (Vaux  

et al., 1988), which is one of the important factors in the development of 

malignant processes (Huang et al., 2017; Makino et al., 2019; Giotakis et al., 

2019). 

In patients with primary diagnosed MM, the frequency of BCL-2  

protein / antigen expression in myeloma cells is significantly higher than in 

patients with reactive plasmacytoses (Miguel-García et al., 1998; Wei et al., 

2003). In our study, BCL-2 antigen expression was detected in 118 patients or 

96.7%. Taking into account the above-mentioned fact of frequent positivity of 

BCL-2 in myeloma cells, this antigen can be used in situations to differentiate 

myeloma cells from plasma cells without atypia, especially in cases with 

a small amount of CD138+ plasma cells in the bone marrow, as well as in 

personalized chemotherapy of MM, by inactivating the anti-apoptotic 

mechanism of the BCL-2 gene in tumour cells, as, for example, the preparation 

venetoclax, which is also used in the treatment of chronic lymphocytic 

leukaemia and research in the case of myeloma disease is also ongoing in 

recent years (Seymour et al., 2018; Kumar et al., 2019). Also, Touzeau (2018) 

and co-authors found a positive effect of the BCL-2 gene on the efficacy of 

MM chemotherapy by inducing, in combination with other genes, for example, 

BCLXL apoptosis in myeloma cells. 
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Cyclin D1 

In our study, cyclin D1 antigen expression was detected in 50.8% of 

MM cases. Also, the results of other scientific laboratory studies show that 

cyclin D1 is found relatively often in myeloma cells in up to 50% of patients 

(Padhi et al., 2013; Markovic et al., 2004; Cook et al., 2006). According to 

literature data, expression in tumour cells is associated with t(11;14) 

translocation (Hitomi et al., 1999) and affects cell cycle regulation by activating 

it at a relevant stage (Padhi et al., 2013; De Falco et al., 2004; Alt et al., 2000). 

The results of our study prove that cyclin D1 expression has a negative impact 

on disease prognosis, as cyclin D1 expression correlates with worse clinical 

laboratory parameters and higher B2MKB levels, more frequent pathological 

bone tissue damage, higher calcium levels, as well as later stages, according to 

SDC. Other groups of scientists also demonstrate the correlation of cyclin D1 

with an increased number of myeloma cells at the time of MM diagnosis, 

lymphoplasmacytoid morphological features and CD20 antigen expression 

(Athanasiou et al., 2001; Cook et al., 2006). Most likely, the t(11;14) 

translocation, manifested histologically by cyclin D1 expression, activates the 

cell cycle in tumour tissue, which in MM is clinically manifested 

predominantly by osteoclast activation, releasing cytokines that result in the 

development of osteolytic complications in MM patients (Wallin et al., 2011; 

Beason et al., 2013, Hsu et al., 2015). In our study, cyclin D1 expression is  

a statistically significant risk factor for the development of osteolytic 

complication in MM patients, which may be used in future MM therapy to 

inactivate osteoclast activity (Hameed et al., 2014; Pawlyn et al., 2019) and 

prolong patient survival. (Suarez Anwer et al., 2019).  
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p53 

According to literature data, as well as in our study, the group of patients 

with p53 marker expression in myeloma cells has a higher risk of MM 

complications, because these patients often have MM with worse clinical and 

laboratory indicators, such as increased B2MKB, worse renal function 

indicators, lower Hb levels, as well as with later stages, according to SDC. It is 

possible that the anti-oncogenic effect of the p53 protein-tumour suppressor 

antigen, which is immunohistochemically detected in the nuclei of myeloma 

cells, is related to the damage of the TP53 (17p13.1) gene on chromosome 17 

(Soussi, 2010; Issaeva, 2019). TP53 gene damage, which is observed 

morphologically-immunohistochemically by p53 antigen expression in 

myeloma cells, manifests itself in anti-oncogene dysregulation, which results in 

the blocking of mechanisms that induce apoptosis, cell cycle arrest or 

autophagy in malignant cells (Fischer, 2017; Efeyan et al., 2007; Nag et al., 

2013; Brooks et al., 2010; Hao et al., 2014). 

Expression of the anti-oncogene protein p53 in myeloma cells is 

associated with worse clinical-prognostic parameters and shorter patient 

survival (Nag et al., 2013). Our study also demonstrated that patients with 

protein p53 expression come to the haematologist in a more severe condition 

and with several complications of MM target organs: changes in bone, kidney 

function, and blood count. 

Teoh (2014) and Herrero (2016) and co-authors state that resistance to 

standard chemotherapy is relatively often observed in patients with p53 

expression in myeloma cells and a more aggressive choice of treatment 

methods is recommended to prolong the survival of this group of patients. 
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p21 

p21 protein expression is associated with cell cycle regulation, but there 

are not many studies in the literature about the role of p21 protein in MM 

(Ogino et al., 2006; Liu et al., 2013; Maes et al., 2017; Fischer, 2017). DNA 

damage promotes the activation of the p21 protein, whose sole and main job is 

to block the cell cycle in the G1/S phase, thus blocking the proliferation of 

tumour cells (Dhyani et al., 2015; Jung et al., 2010). Most likely, due to the fact 

that the p21 protein does not have such a strong effect on tumour proliferation 

as, for example, the p53 protein, which can induce both programmed cell death 

– apoptosis, and cell cycle arrest or autophagy (Nag S., 2013 et al.; Brooks  

et al., 2010; Hao et al., 2014). In our analysed group of MM patients, p21 

expression was found in 28% of patients and correlated only with some clinical 

and laboratory parameters of worse prognosis: hyperalbuminemia and 

paraproteinemia, and was also found in later stages (2 and 3) according to the 

SDC classification. 

p21 activation is associated with p53 protein interaction in case of 

cellular DNA damage, which in turn ensures tumour cell proliferation, worse 

therapeutic effect, worse prognosis and shorter survival (Ohata et al., 2005; 

Kanavaros et al., 2000). In recent years, several studies have appeared in which 

the authors use p21 protein alone or in combination with p53 or other cell cycle 

regulators, such as Wnt/β-catenin, in personalized therapy for MM, which 

slows down tumour growth. Apoptotic mechanisms are induced and tumour 

regression was observed with minimal drug side effects (Argueta et al., 2017; 

Mei et al., 2020; Stefka et al., 2020). 

In the last decade, with the ever-expanding range of chemotherapy and 

monoclonal antibodies in the treatment of MM, the issue of prognostic markers 

that could help choose an individualized therapy for each patient is becoming 

increasingly relevant. Another important question for haematologists is whether 
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or not it is necessary to initiate “dormant” MM therapy. And this is where 

morphological, immunohistochemical features of myeloma cells, as well as 

molecular genetic examinations, come to the rescue. Since bone marrow 

analysis is a routine diagnostic method in MM cases, histological and 

immunohistochemical methods can be used to judge the prognosis, the risk of 

complications, and make a reasonable decision about the type of therapy for a 

specific patient already at the first diagnosis of MM. This line of research is 

constantly developing in both haematological and solid tumour cases, which 

indicates that histological, histochemical and immunohistochemical 

examinations will be combined and become even more detailed and, one should 

think, will expand mankind's knowledge about the origin, progression and 

treatment of tumours. 
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Conclusions 
 

1. Increased cellularity of the bone marrow, areas of microosteolysis of bone 

tissue trabeculae, a high number of myeloma cells, as well as a significant 

percentage of myeloma cells with plasmablastic differentiation, and the 

diffuse and mixed infiltration types of myeloma cells are statistically 

reliably correlated with worse prognostic indicators – an increase in the 

level of B2MKB, creatinine, M-gradient, and, in contrast, with a decrease 

in albumin, haemoglobin levels and renal function, and with later stages 

of MM, according to SDC. 

2. Disappearance of CD56 marker expression and p53 antigen positivity in 

myeloma cells are statistically reliably correlated with worse prognostic 

indicators – an increase of B2MKB, kidney damage with creatinine 

elevation and decrease in GFR, as well as haemoglobin and platelet count 

decrease and with later stages of MM, according to SDC. 

3. Cyclin D1 antigen expression in myeloma cells is statistically reliably 

correlated with worse prognostic indicators – increased B2MKB and 

calcium levels, more frequent clinical radiologically proven bone lesions, 

including pathologic fractures, and later stages of MM, according to SDC. 

4. There is a statistically significant correlation between p21 antigen 

expression in myeloma cells and worse prognostic indicators – increased 

M-gradient levels, but decreased albumin levels and later stages of MM, 

according to SDC. 

5. Since no statistically reliable correlation was found between 

epidemiological data of MM patients and all morphological parameters of 

myeloma cells, as well as due to the fact that immunohistochemically 

determined BCL-2 antigen expression has no correlation with clinical 

laboratory indicators of patients, they cannot be used in predicting the 

course of MM. 
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Practical recommendations 
 

Analyzing the results of the scientific study on the clinical and 

morphological characteristics of MM patients, we recommend practicing 

pathologists and haematologists to investigate trepan biopsies in depth and 

reflect them in the pathohistological opinion, using the developed “Bone 

marrow trepan biopsies pathohistological examination protocol for patients 

with primary diagnosed multiple myeloma”: 

1) morphological parameters determined by routine histochemical 

methods – bone marrow cellularity, percentage of myeloma cells, 

percentage of myeloma cells with plasmablastic differentiation and 

type of myeloma cell infiltration; 

2) in order to determine the prognosis of the clinical course of MM, 

we recommend to determine the expression of the following 

aberrant and oncogenic immunohistochemical antigens in myeloma 

cells in trepan biopsies: CD56, p53, cyclin D1. 
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