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Abstract

B-cell CLL/lymphoma 2 (BCL-2) family proteins regulate apoptosis, while programmed cell
death protein 1 (PD-1) and programmed death-ligand 1 (PD-L1) act as negative regulators of
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the immune system. An association has been found between abnormalities in BCL-2 and PD-
1/PD-L1 proteins and susceptibility to myelodysplastic neoplasms. The aim of this study was
to assess polymorphisms in genes encoding BCL-2, PD-1, and PD-L1 and their impact on the
clinical course of myelodysplastic neoplasms (MDS), treatment effectiveness and correlation
with other prognostic factors in MDS. The study included 50 individuals with a median age of
70 who had been diagnosed with MDS. Genotyping for BCL2 (rs1564483, rs2279115),
CD274 (rs2297136, 1s4143815), and PDCD1 (rs10204525, rs2227981) was performed using
LightSNiP assays. Real-time PCR reactions were conducted on a LightCycler 480 II device.
Mann-Whitney U test and Fisher’s exact test were employed for analysis. Kaplan-Meier
curves and the log-rank test were used for survival analysis. The analysis revealed that the
BCL2 151564483 G allele is associated with better overall survival compared to patients with
the BCL2 rs1564483 AA genotype (p = 0.037), and is more common in patients who achieve
complete remission (CR) or partial remission (PR) after first-line treatment (regardless of the
therapy used) (p = 0.021).
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Introduction

The immune system plays a key role in eliminating cancer cells, and thus influences
individual susceptibility to proliferative processes. Abnormalities in gene expression, gene
polymorphisms, and abnormalities in key signaling pathways play an essential role in the

pathogenesis of all cancers, including hematological neoplasms.

Proteins belonging to the BCL-2 (B-cell CLL/lymphoma 2) family are responsible for
regulating apoptosis, or programmed cell death. Deregulation within the BCL-2 family
proteins facilitates the survival of pathological cells and leads to their abnormal proliferation
[1]. High expression of BCLZ2 is found in various types of cancer i.e. lung cancer, breast
cancer, prostate cancer, and esophagal cancer, as well as in lymphoproliferative disorders such
as chronic lymphocytic leukemia and B-cell non-Hodgkin’s lymphomas [2]. Over the past two
decades, proteins belonging to the BCL-2 family have been better understood and their
individual functions identified. In the BCL-2 family, it has become possible to differentiate
anti-apoptotic proteins (such as BCL-2, MCL1, BCL-XL, BFL1/A1, BCL-W, and BCL-

21.10), which have three BCL-2 homologous (BH) domains and a transmembrane domain
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(TM). Pro-apoptotic proteins are categorized into those with a single BH3 domain (such as
BID, BIM, PUMA, BAD, BIK, HRK, NOXA, and BMF) and those with multiple BH
domains (such as BAX, BOK, and BAK) [3].

As BCL2 expression is much higher in cancer clone cells than in normal cells, the action of
BCL-2 inhibitors will have little effect on the function of the normal cell. Overcoming
resistance by inhibiting anti-apoptotic proteins of the BCL-2 family represents a new
therapeutic target for cancer treatment [4]. Polymorphism of the gene encoding the BCL-2
protein influences increased susceptibility, and is a prognostic factor in the course of many
cancers. In the available literature, three significant polymorphisms of the BCL2 gene have
been described: rs2279115, rs1801018 and rs1564483. Two large meta-analyses have
demonstrated that the rs2279115 polymorphism is linked to a greater risk of developing

cancer in Asian populations [5, 6].

Programmed cell death protein 1 (PD-1) and PD-L1 (programmed death ligand 1) are
negative immune system regulators. They are expressed on CD4+, CD8+ lymphocytes,
monocytes, NK/T cells, and B lymphocytes. PD-1 inhibits the T-cell-dependent immune
response and the production of effector cytokines. The PD-1/PD-L1 axis helps maintain
immune tolerance, offering specific protection against autoimmune processes [7]. The genes
encoding PD-1/PD-L1 are known to be polymorphic. The best-studied PD-1 polymorphisms
include: rs36084323, rs11568821, rs2227981, rs2227982 and rs7421861. Hashemi et al.
showed that the presence of the rs2227981 and rs11568821 polymorphisms can reduce the
risk of certain cancers, but that the rs7421861 polymorphism significantly increases this risk

(8, 9].

Myelodysplastic neoplasms (MDS) comprise a heterogeneous group of hematopoietic
malignancies, characterized by ineffective hematopoiesis, dysplastic changes in the bone
marrow, and an increased risk of transformation to acute myeloid leukemia. More than 86%
of patients with MDS are over the age of 60, and the median age at diagnosis is 76 years [10,
11]. Disorders responsible for the pathogenesis of MDS originate at the level of bone marrow
progenitor cells; however, the exact immunological and molecular mechanisms that lead to
the development of MDS remain unknown and are the subject of many research projects. One
contributory factor to the development of MDS is genetic instability. Between 80% and 90%
of MDS patients have at least one confirmed somatic molecular mutation [12, 13]. The
polymorphism of genes encoding BCL-2, PD-1/PD-L1 and their impact on the clinical course

of MDS remain unknown.



The aim of this study was to evaluate polymorphisms in the genes encoding BCL-2 (BCL2),
PD-1 (PDCD1), and PD-L1 (CD274), and their impact on the clinical course of MDS,
treatment efficacy, and correlation with other prognostic factors in MDS, such as the Revised
International Prognostic Scoring System (IPSS-R), cytogenetic changes, and response to

treatment used.
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Figure 2. PD-1/PD-1L signaling pathway

Material and methods

Peripheral blood was collected from 50 patients diagnosed with MDS during routine
diagnostic tests. The Bioethics Committee at Wroclaw Medical University granted consent for
the study. The research was carried out under a grant from the National Science Center

(Poland) at Wroclaw Medical University with the number MINI.C140.21.001.

The response assessment was based on the International Working Group 2023 criteria. Due to
the limited study population, patients who achieved CR bilineage, CR unilineage, CR with
limited count recovery, and CR with partial hematological recovery, were classified into a

single CR group [14].

The following polymorphisms for BCL2 (rs1564483 C>T, rs2279115 G>T), CD274
(rs2297136 G>T, rs4143815 G>C), and PDCD1 (rs10204525 C>T, rs2227981 A>G) were
determined in our MDS cohort as well as in a healthy control group. DNA was extracted using
a NucleoSpin Blood kit (MACHEREY-NAGEL, Dueren, Germany) according to the
manufacturer’s instructions. DNA purity and concentration were then investigated on a
DeNovix DS-11 spectrophotometer (DeNovix, Wilmington, DE, USA). Extracted DNA was
subsequently stored at —20°C until further use. LightSNiP assays (TIB MOLBIOL, Berlin,
Germany) were used for genotyping for BCL2, CD274, and PDCDI1 polymorphisms. Real-
time PCR reactions were performed on a LightCycler 480 II device (Roche Diagnostics,

Rotkreuz, Switzerland) according to the manufacturer’s instructions.

Statistical analysis was performed using a Real Statistics Resource Pack for Microsoft Excel
2013 (version 15.0.5023.1000, Microsoft, Redmond, WA, USA), GraphPad Prism (GraphPad
Software, La Jolla, CA, version 8.0.1) and RStudio (Posit PBC, Boston, MA, USA, version
2024.12.0). A Mann-Whitney U test was used for the analysis of associations with age, IPSS-
R, blasts, hemoglobin, white blood cell (WBC) count, neutrophils, lymphocytes, monocytes,
platelets, bilirubin, ALAT, ASPAT, GGTP, alkaline phosphatase, total protein, creatinine, uric
acid, urea, C-reactive protein (CRP), sodium, potassium, and lactate dehydrogenase (LDH). A
Fisher’s exact test was used to test for associations with sex, infection, presence of the del5q

mutation, Ogata score, and response to treatment [15]. Kaplan-Meier curves and the log-rank
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test were used to analyze survival. The hazard ratio was calculated using GraphPad Prism and
the Mantel Haenszel method. Median survival and follow-up were calculated using the
ggsurvfit package and survfit function in R; furthermore, the Schemper and Smith method
was used to estimate median follow-up. For all results, p-values <0.05 were considered as

statistically significant.
Results

The study included 50 patients (30 men and 20 women) diagnosed with MDS. The median
age was 70 years (range: 45-91). The diagnosis of MDS was based on the revised 2022 WHO
criteria [16]. According to the IPSS-R classification, 17 patients had low or very low risk, 15
had intermediate risk, 10 had high risk, and eight patients had very high risk. First-line
treatment in the analyzed population included azacitidine in 31 patients, luspatercept in two
patients, and lenalidomide in one patient [17]. Two study participants had leukocytosis above
>10 x103/pl, specifically 12.23 x 10%pl and 32.71 x 10%pl. Both these patients had an
infection at the time of diagnosis, accompanied by elevated CRP levels >80 mg/l.
Additionally, the patient with the higher leukocytosis was receiving corticosteroids. They did
not meet the diagnostic criteria for any myeloproliferative neoplasms or
myelodysplastic/myeloproliferative neoplasms, and their bone marrow findings were
consistent with MDS. Therefore, they were included in the study population. 16 patients were
not eligible for MDS therapy. The control group consisted of 20 healthy subjects (13 women
and seven men) with a median age of 69.5 years. The patient’s clinical data is set out in Table

L.

Distribution of BCL2, PDCD1, and CD274 polymorphic variants in MDS patients and

control group

There was no statistically significant difference between the polymorphisms in MDS patients
and controls. However, it was observed that the CD274 rs4143815 C allele was more common

in MDS patients than in healthy controls (p = 0.057).
BCL2 gene polymorphisms in MDS patients

The rs1564483 C allele in the BCL-2 gene was found to be significantly more common in
patients who achieved CR or PR after first-line treatment, regardless of the therapy used (p =
0.021) (Fig. 3). We also found that the presence of the BCL2 rs1564483 C allele in patients

with MDS was associated with longer overall survival compared to patients with the BCL2



1s1564483 TT genotype (p = 0.037) (Fig. 4). Median follow-up time was 16.1 months.
Median survival of patients with genotype TT was 30.7 months and was not reached for

patients with genotype CT/CC. Hazard ratio was 6.22 (95% CI: 1.11-34.75).

BCL2 rs1564483
p=0.021

100
Ea CR/PR

80 = NR

% of patients with allele C

CR/PR NR

Figure 3. Association between BCL2 rs1564483 C allele and response rate. Allele BCL2
rs1564483 C was more frequent in patients with complete/partial response (CR/PR) than in

patients who did not respond to first-line treatment (NR)
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Figure 4. Overall survival of patients with different BCL2 rs1564483 genotypes. Patients with

allele C were characterized by longer overall survival

Regarding clinical parameters, the BCL2 1rs2279115 genotype (GT and GG) showed a
correlation with lower neutrophil counts compared to the BCL2 rs2279115 TT genotype (p =
0.017) (Fig. 5). Additionally, the BCL2 rs2279115 G genotype was linked to lower platelet
counts than the BCL2 rs2279115 TT genotype (p = 0.027) (Figure 6). This assessment was

conducted at the time of diagnosis.
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Figure 5. Association between presence of BCL2 rs2279115 G and neutrophil count. Patients

with allele G were characterized by lower neutrophil count



BCL2 rs2279115

p=0.027
1500 -
i)
=
‘e
=, 1000+ .
c
=
S
S - [ ]
% 500 o
% o |
5 ! !
0 E 1
G+ (GT, GG) T

Figure 6. Association between presence of BCL2 rs2279115 G and platelet count. Patients

with allele G were characterized by lower platelet count

PDCD1 and CD274 gene polymorphisms in MDS patients

Patients with higher leukocyte counts were more likely to have the CD274 rs4143815 C allele
than the CD274 rs4143815 GG genotype (p = 0.032) (Fig.7).
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Figure 7. Association between presence of CD274 rs4143815 C and leukocyte count. Patients

with allele C were characterized by higher white blood count

In contrast, patients with the CD274 rs4143815 C allele (CG and CC genotypes) showed
higher neutrophil count compared to CD274 154143815 GG (p = 0.046) (Figure 8). CD274
154143815 G allele was associated with fewer monocytes than CD274 rs4143815 CC (p =
0.048).
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Figure 8. Association between presence of CD274 rs4143815 C and neutrophil count.

Patients with allele C were characterized by higher neutrophil count

There were no statistically significant (p >0.05) correlations between the polymorphisms
studied and any of the following parameters: IPSS-R, blast cell percentage, hemoglobin, age,
presence of infection, or Ogata score. Table II presents the relationship between BCL-2, PD-1,

and PD-L1 gene polymorphisms and other variables.

Discussion

Over the past decade, our understanding of the pathogenesis of myelodysplastic neoplasms
has expanded significantly. This has been facilitated by the rapid development of new
diagnostic methods associated with advanced genetic testing technology. Recognizing new

genetic variants of MDS in conjunction with well-established clinical factors such as age,
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number of cytopenias, karyotype, and number of blasts allows for a personalized evaluation of
patients with MDS. However, the effectiveness of available therapies for patients with MDS
remains limited. Only around 40-50% of MDS patients respond to treatment with the
hypomethylating drug azacitidine, and just 10-20% of patients reach CR [18]. The prognosis
for patients following the failure of azacitidine treatment is poor, with a median survival of six
months [19]. Researchers are seeking new prognostic factors, knowledge of which will enable
the classification of patients into specific risk groups: those less responsive to therapy and
those more rapidly progressing to acute myeloid leukemia (AML). Cytogenetic aberrations
such as — 5q/5q, —7/7q, +8, 20g-, or 17p—, along with molecular abnormalities in the UTX,
SF3B1, TP53, and RUNX1 genes, as well as epigenetic changes in DNMT3A, TET2, IDH1/2,
or ASXL1, play a significant role in the pathogenesis of MDS [12, 20]. The role of
abnormalities in the genes encoding the BCL-2 (BCL2), PD-1 (PDCD1), and PD-L1 (CD274)

proteins in the etiology of MDS remains unclear.

Two opposing processes play a role in the pathogenesis of MDS. On the one hand, there is
uncontrolled proliferation of blast cells, while on the other hand there is activation of
apoptosis. The number of CD34+ cells undergoing apoptosis is higher in lower-risk MDS
patients who have transformed to AML [21]. Increased expression of BCL-2 may be one of
the causal factors in this process [22]. Vidal et al. conducted a retrospective analysis involving
70 patients with MDS who underwent hypomethylating treatment. They found that patients
who did not respond to therapy exhibited significantly higher expression of BCL-2L10,
another member of the BCL-2 family, compared to those who responded to treatment. Patients
with elevated BCL-2L10 expression had a lower CR rate and a shorter median survival than

the group with lower BCL-2L10 expression (9 months vs. 15.6 months) [23].

In the present study, we have demonstrated that the BCL2 rs1564483 C allele correlated with
a higher response rate, regardless of the therapy used. Patients with the BCL2 rs1564483 C
allele also experienced longer overall survival than those with the BCL2 rs1564483 TT
genotype. BCL2 rs1564483 is an SNP located within a predicted miRNA-binding site in the 3'
UTR region. Potential miRNAs that may bind to this site include miR-513c, miR-149, and
miR-296-3p [24]. A previous study indicated that miR-296-3p is a likely candidate for binding
at the rs1564483 site [25]. However, miR-149 also seems interesting in this context, as it has
been shown to affect BCL-2 expression and drug sensitivity in AML cells [26]. To the best of
our knowledge, rs1564483 has never been studied in MDS or any other hematological

disorders. Studies on various tumors, including breast cancer, esophageal cancer, and
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laryngeal squamous cell carcinoma, have shown no association between the SNP and the risk
of disease [25, 27]. In contrast to our study, Yang et al. reported that allele rs1564483 T was
associated with better survival in patients with lung cancer [28], while Jouneghani et al.
showed that rs1564483 CT heterozygotes were more likely to develop gastric cancer [25].
These discrepancies may suggest tissue-specific expression of miRNAs potentially influenced

by rs1564483.

Nevertheless, our results indicate that BCL2 rs1564483 could serve as a potential predictive
marker for treatment efficacy in MDS patients, possibly paving the way for personalized

therapy in the future.

In addition to the results previously discussed, we also found that the BCL2 rs2279115 G
allele was more common in MDS patients with lower neutrophil counts, which may directly
increase the risk of infection in this population. These findings may indicate the influence of
polymorphisms within the BCL2 gene on sensitivity to the treatment administered, as well as
the risk of complications during therapy. Interestingly, previous studies have linked allele G
with reduced BCL2 expression, and allele T with increased expression [29—-31]. Rs2279115 is
situated in an inhibitory P2 promoter of the BCL2 gene, and increased activity of P2 is linked
to reduced activity of the primary P1 promoter, which results in lower BCL2 expression [32].
Allele 152279115 T and genotype TT have been identified as risk factors or markers for
shorter survival in various cancers [33]. However, many other studies have indicated that
allele rs2279115 G and genotype GG are risk factors [34]. Given the association of allele G
with reduced BCL2 expression, these observations might be explained by the fact that, in
addition to BCL-2's role as an oncogene, it has also been observed to function as a tumor

suppressor [35].

A relationship between PD-1 and PD-L1 expression and disease progression has been
described in various cancers [22]. However, their role in MDS has not been clearly defined. A
combination of AZA and durvalumab, an anti-PD-L1 antibody, was investigated in high-risk
MDS (HR-MDS) and AML as part of a randomized, open-label study. The HR-MDS cohort
was divided into two arms, each consisting of 42 patients, with no significant differences in
ORR or median OS between them. [36]. In MDS patients, increased PD-1 expression was
confirmed on effector cells and Treg lymphocytes, while PD-L1 expression was confirmed on
CD34+ myeloblasts, but only in patients with an increased blast cell count >5%. PD-L1 has
also been shown to correlate with high IPSS-R [37]. In our current study, we did not find any
association with the PD-1 (PDCD1) polymorphism; however, the PD-L.1 (CD274) genotype
14



154143815 GG was found to be associated only with low neutrophil and white blood cell
counts. Rs4143815 is located within a potential miRNA binding site in the 3' UTR region
[24]. Earlier studies have identified miR-570 as the miRNA most likely affected by this SNP
[38, 39], and allele rs4143815 G has been linked to lower PD-L1 expression [39, 40].
Interestingly, many previous studies found allele G to be a risk factor in various cancers or to

negatively affect survival [38, 41], which appears to align with our results.

The presence of TP53 mutations can coincide with increased PD-L1 expression. Therefore,
abnormalities in the PD-1/PD-L1 pathway are likely one of the mechanisms contributing to
the poorer prognosis of patients with TP53 mutations [42]. According to the available
literature, patients with high-risk MDS exhibit higher CD274 expression compared to those
who have transformed to AML [42, 43]. In the group of patients we analyzed, only one patient
with MDS had a TP53 mutation. This patient presented the following genotypes: BCL2
151564483 GA, BCL2 152279115 CA, CD274 152297136 GG, CD274 rs4143815 GG, PDCD1
1s10204525 GG, and PDCD1 rs2227981 CC. Compared to the entire study group, these
genotypes are either the most common within a given polymorphism (BCL2 rs2279115 CA,
PDCD1 1510204525 GG, PDCD1 rs2227981 CC), or the second most common (BCL2
151564483 GA, CD274 152297136 GG, CD274 rs4143815 GG). The CD274 rs4143815 C
allele, which was associated with higher leukocyte levels in most patients, was not present in
the patient with the TP53 mutation. This patient underwent an allotransplantation procedure
involving stem cells from an unrelated donor. Analyzing differences in the frequency of each
genotype in relation to sex, we showed that the CD274 rs2297136 G allele was more common

in men than in women, and correlated with a lower monocyte count.

In conclusion, single nucleotide polymorphisms in the genes encoding BCL-2, PD-1, and PD-
L1 can vary among individual MDS patients. Our study suggests that some of these could be
potentially useful for evaluating patients with MDS. However, the findings we have presented

here need confirmation in a larger population of MDS patients.
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Table I. Clinical data of patients

Characteristic

Age range, median [years]
Hemoglobin, median [g/dl]
Leukocytes x 10%/pl, median
Neutrophils x 10% pl, median
Platelets x 10°/ pl, median
Monocytes x 10°/ pl, median
WHO 2022 classification
MDS-LB

MDS-5q

MDS-IB1

MDS-IB2

MDS-TP53

IPSS-R risk group

Low and very low
Intermediate

High

Very high

First line treatment
Azacitidine

Luspatercept

Lenalidomide

No treatment

Response after 1* line treatment

CRi
PRi
NR

45-91, 70

8.70 (5.0-12.2)

3.31 (1.32-32.71)
1.59 (0.17-10.40)
103 (1.0-306)

0,29 (0.4-2.74)
Number of patients
30

1

8

10

1

Number of patients
17

15

10

8

Number of patients
31

2

1

16

Number of patients
15

5

14

CRi — complete remission with incomplete hematological recovery; IB1 — increased blasts
type 1; IB2 — increased blasts type 2; IPSS-R — Revised International Prognostic Scoring

System; LB — low blasts; MDS — myelodysplastic neoplasm; MDS-5q — myelodysplastic
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neoplasm with isolated 5q deletion; MDS-IB1 — myelodysplastic neoplasm with increased
blasts type 1; MDS-IB2 — myelodysplastic neoplasm with increased blasts type 2; MDS-LB
— myelodysplastic neoplasm with low blasts; MDS-TP53 — myelodysplastic neoplasm with
TP53 mutation; NR — no response; PRi — partial remission with incomplete hematological

recovery; TP53 — tumor protein p53; WHO — World Health Organization

Table II. Relationship between BCL-2, PD-1, and PD-L1 gene polymorphisms and other

variables
BCL-2 CD274 PDCD1
rs1564483 rs2279115 rs2297136 rs4143815 rs102045 rs222798
25 1
G GA ACCAGGAGTCTCG AG C T T
G A AGCAAGAAGTCG C T C
WBC X X X X X X X X X X 1T J !¢ X X X X X
ANC X X X X 1T 1T x X X 1t I I X X X X X
AMC X X X X X X X X X X T+ ¢ 1T X X X X X
PLT X X X X 1+ 1t J X X X X X X X X X X X
GGTP X X X X X X X X X X ¢ T+ 1T X X X X X
Uea X X X X X X X X X X X X X X X 1T 1
*lipe J L P *TTTTTTTTT T TTTTT
CR
(013 b L 1T X X X X X X X X X X X X X X X
IPSSSR X X X X X X X X X X X X X X X X X X
BLAST% X X X X X X X X X X X X X X X X X X
HGB X X X X X X X X X X X X X X X X X X
LYMP X X X X X X X X X X X X X X X X X X
Bilirubin X X X X X X X X X X X X X X X X X X
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ALAT X X X X X X X X X X X X X X X X X X
ASPAT X X X X X X X X X X X X X X X X X X
FA X X X X X X X X X X X X X X X X X X
Creatini X X X X X X X X X X X X X X X X X X
ne
Uricacid X X X X X X X X X X X X X X X X X X
CRP X X X X X X X X X X X X X X X X X X
Na* X X X X X X X X X X X X X X X X X X
LDH X X X X X X X X X X X X X X X X X X
Age X X X X X X X X X X X X X X X X X X
Cytmut X X X X X X X X X X X X X X X X X X
Molmu X X X X X X X X X X X X X X X X X X
t

Ogata X X X X X X X X X X X X X X X X X X

score
X — no correlation, || — negative correlation, T — positive correlation

ALAT — alanine aminotransferase; AMC — absolute monocyte count; ANC — absolute
neutrophil count; ASPAT — aspartate aminotransferase; BLAST% — percentage of blast
cells; CRP — C-reactive protein; CRi — complete remission with incomplete hematological
recovery; Cyt. mut. — cytogenetic mutation; FA — alkaline phosphatase; GGTP — gamma-
glutamyl transpeptidase; HGB — hemoglobin; IB1 — increased blasts type 1; IB2 —
increased blasts type 2; IPSS-R — Revised International Prognostic Scoring System; LDH —
lactate dehydrogenase; LB — low blasts; Lymph% — percentage of lymphocytes; MDS —
myelodysplastic neoplasm; MDS-5q — myelodysplastic neoplasm with isolated 5q deletion;
MDS-IB1 — myelodysplastic neoplasm with increased blasts type 1; MDS-IB2 —
myelodysplastic neoplasm with increased blasts type 2; MDS-LB — myelodysplastic
neoplasm with low blasts; MDS-TP53 — myelodysplastic neoplasm with TP53 mutation;
Mol. mut. — molecular mutation; Na* — sodium; NR — no response; OS — overall
survival; PLT — platelets; PRi — partial remission with incomplete hematological recovery;
Score — composite prognostic score; TP53 — tumor protein p53; WBC — white blood cells;

WHO — World Health Organization
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