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ABSTRACT 

Background & objective: Patients with chronic myeloid leukemia (CML) are at risk of Hepatitis B Virus (HBV) 
reactivation during tyrosine kinase inhibitor (TKI) therapy. Programmed death-ligand 1 (PD-L1) polymorphisms may 
influence immune evasion and disease pathogenesis; however, their interaction with HBV in CML, particularly in 
Iraqi population, remains uncharacterized. This study aimed to investigate PD-L1 genetic variations, serum PD-L1 
levels, and HBV infection. 

Methodology: It was a case-control study of 120 patients with CML and 100 apparently healthy controls (AHC). 
Serum PD-L1 and HBV markers were quantified by Enzyme-Linked Immunosorbent Assay (ELISA), Genomic DNA was 

extracted, and specific regions of the PD-L1 gene and HBV DNA were amplified by polymerase chain reaction 
(PCR). PD-L1 amplicons were sequenced to identify genetic variants. 

Results: CML patients exhibited significantly lower serum PD-L1 levels than controls (mean 268.8 ± 89 vs. 470.6 ± 
288, P = 0.0032). No HBV DNA was detected in any participant. A novel C>T substitution in PD-L1 was identified, with 
TT and CT genotypes being more frequent in CML patients than in controls. The T allele showed a borderline 
significant association with a reduced CML risk (P = 0.01, OR=0.22, 95% CI: 0.06–0.73). 

Conclusion: The PD-L1 T allele may confer protection against CML, while suppression of serum PD-L1 suggests 
distinct regulatory mechanisms. The absence of HBV highlights regional epidemiological patterns. PD-L1 genotyping 
can inform risk stratification of patients with Iraqi CML. 

Abbreviations: AHC: apparently healthy controls, CML: chronic myeloid leukemia, ELISA: Enzyme-Linked 
Immunosorbent Assay, HBV: Hepatitis B virus, HSC: hematopoietic stem cell, PD-L1: Programmed death-ligand 1,  
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1. INTRODUCTION 

Chronic myeloid leukemia (CML) is a hematopoietic 

stem cell (HSC) disorder, like all leukemias, and is a type 

of cancer that starts in the blood-forming cells of the 

bone marrow and invades the blood. It is known as 

chronic myelogenous leukemia. Furthermore,  it is a 

myeloproliferative neoplasm with an incidence of 1–2 

cases per 100,000 adults.1 It is defined by the presence 

of the Philadelphia chromosome (Ph), which results 
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from reciprocal translocation between chromosomes 9 

and 22 [t (9;22] in a single bone marrow cell during cell 

division. Part of chromosome 9 attaches to chromosome 

22 and part of chromosome 22 attaches to chromosome 

9. Chromosome 9 was longer than normal and 

chromosome 22 was shorter than normal. Abnormal 

chromosome 22 is known as the “Philadelphia 

chromosome, which gives rise to a BCR-ABL1 fusion 

gene.2 

CML is classified into three distinct clinical phases: the 

chronic, accelerated, and blast phases, which are defined 

by the proportion of immature myeloid blasts in the 

blood and bone marrow, as well as secondary 

cytogenetic or clinical features.3,4 In the chronic phase, 

patients typically exhibit <10% blasts and retain partial 

myeloid differentiation, often presenting with 

leukocytosis, thrombocytosis, and mild anemia.5,6 

Progression to the accelerated phase is marked by 10–

19% blasts, ≥20% peripheral basophils, or clonal 

cytogenetic evolution, reflecting increased genomic 

instability.7 The blast phase, resembling acute leukemia, 

is characterized by ≥20% blasts, extramedullary 

proliferation, or lymphoid blast crisis, indicating a 

complete loss of differentiation capacity.8 

Programmed death ligand 1 (PD-L1), also called 

(CD274) located on chromosome 9p24.1 and is 

expressed in non-hematopoietic cells, hematopoietic 

cells, and antigen-presenting cells (APC) plays an 

important role of PDL1 in various malignancies, where 

it can attenuate the host immune response to tumor 

cells.9,10  PD-L1 expressed by cancer cells binds to PD-1 

on the surface of T cells, thereby inhibiting T cell 

activation and leading to cancer immunity, which allows 

the tumor to grow without being attacked by the immune 

system.11 

Hepatitis B virus (HBV) infection typically lasts 45-180 

days, with a median duration of 60-90 days.12 It contains 

a circular, relaxed DNA (rcDNA) of approximately 3.2 

kb in length with a complete minus strand and an 

incomplete plus strand, which represents the smallest 

DNA viruses infecting humans. Infected blood or other 

bodily fluids are involved in the entry of the virus into 

the body. Contaminated needles or medical equipment, 

contaminated blood transfusions, unprotected 

intercourse with an infected individual, or vertical 

transmission from mother to child during pregnancy or 

delivery are all possible routes of transmission.13 

According to several studies, cytotoxic chemotherapy 

and immunosuppressive drugs have the potential to 

hasten the reactivation of chronic HBV infection, putting 

patients undergoing these treatments at an increased risk 

for adverse effects.14 

Despite established evidence that patients with CML 

treated with tyrosine kinase inhibitors (TKIs) are at risk 

of HBV reactivation, standardized HBV screening or 

monitoring protocols are lacking. Furthermore, while 

PD-L1 is a critical immune checkpoint implicated in 

cancer immune evasion, the role of specific PDL1 gene 

polymorphisms and their potential interaction with HBV 

infection in modulating CML susceptibility or 

pathogenesis remains poorly characterized, particularly 

within the Iraqi population.15,16 This study aimed to 

address these gaps by investigating PDL1 genetic 

variations, PD-L1 serum levels, and HBV infection 

status as potential risk or protective factors in patients 

with Iraqi CML. 

2. METHODOLOGY  

This study employed a cross-sectional case-control 

design. A total of 220 serum specimens were collected, 

comprising 120 patients diagnosed with CML and 100 

apparently healthy control (AHC) individuals. 

Specimens for CML patients were obtained from the 

Iraqi Hematology Center, whereas AHC specimens were 

collected from general hospitals within the Middle 

Euphrates region of Iraq. CML patients (aged 20–60 

years) met the following criteria: (1) BCR-ABL1+ 

chronic-phase diagnosis, (2) no active infections at 

enrollment, (3) no prior allogeneic transplantation, and 

(4) absence of HIV/HBV/HCV co-infection or 

concurrent malignancies. AHCs were screened via 

questionnaire, physical examination, complete blood 

count (CBC), and C-reactive protein (CRP) testing to 

exclude immunocompromised states, chronic diseases, 

or recent infections.  All specimens were collected 

between October 2024 and January 2025. 

For serum preparation, approximately 3 mL of venous 

blood was drawn from each participant into gel-

containing serum separators. Samples were centrifuged 

according to standard protocols to separate the serum, 

which was then immediately aliquoted and stored at -

20°C until subsequent analysis. The serum levels of 

HBV markers and Programmed Death-Ligand 1 (PD-

L1) were quantitatively assessed for both the CML 

patient group and the AHC group using commercially 

available Enzyme-Linked Immunosorbent Assay 

(ELISA) kits (BT LAB, China), following the 

manufacturer's instructions. 

2.1. DNA extraction 

Total genomic DNA was isolated from approximately 5 

mg of whole blood collected from CML and AHC 

patients. Samples were immediately transferred to sterile 

tubes, refrigerated, and homogenized using a hand-held 

homogenizer in 1.5 mL Eppendorf tubes. Extraction was 

performed using the G-Spin Total DNA Extraction Kit 

(iNtRON Biotechnology Co., Korea), and the purified 
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DNA was stored at −20°C. Viral DNA was isolated 

using a Viral DNA Extraction Kit (iNtRON 

Biotechnology Co., Korea) under identical storage 

conditions. 

2.2. Primer design and PCR 
amplification 

Gene-specific primers were designed for PDL1 

(forward: 5′-TTCCCACTCCCCACTGTTAG-3′; 

reverse: 5′-GCCCACAGCCACATAAACTT-3′) and 

HBV (forward: 5′-ACATGGAGAACATCGCATCA-3′; 

reverse: 5′-AGGACAAACGGGCAACATAC-3′). PCR 

reactions were conducted in a 25 μL volume comprising 

12.5 μL master mix, 5 μL DNA template, 1 μL of each 

primer, and 5.5 μL nuclease-free water. Amplification 

was performed using a conventional thermal cycler 

(Germany) under uniform conditions for both targets: 

initial denaturation at 

95°C for 5 min; 35 cycles 

of denaturation (95°C for 

1 min), annealing (58°C 

for 45 s), and extension 

(72°C for 2 min), 

followed by a final 

extension at 72°C for 5 

min. 

Amplicons were resolved 

using 1.5% agarose gel 

electrophoresis and 

visualized under UV 

transillumination. The 

PDL1 PCR products were 

sequenced using the 

forward primer via 

automated Sanger 

sequencing (Macrogen 

Inc., Seoul, South Korea). 

Sequence alignment and 

analysis were performed 

using Geneious 

Bioinformatics software 

(v2.0) against NCBI 

reference databases. 

2.3. Statistical 
analysis 

To assess the significance 

of the variables examined 

in this study, the chi-

square test was used. All 

statistical analyses were 

conducted using SPSS 

program version 23. 

Statistical significance 

was set at P < 0.05. Hardy-Weinberg equilibrium was 

used to analyze PDL1 gene polymorphism. 

3. RESULTS 

Table 1 compares the demographic and clinical 

parameters of the 120 CML patients (including 20 newly 

diagnosed and 100 treated cases), and 100 AHC. Age 

and gender distributions showed no significant 

differences (P = 0.06 for age; P = 0.059 for sex), with 

mean ages of 44 ± 13.3 years (new CML), 48 ± 11.43 

years (treated CML), and 46 ± 12.9 years (AHC). 

However, newly diagnosed CML patients exhibited 

markedly elevated white blood cell (WBC) counts 

(173.5 ± 88.13 ×10⁹/L) compared to AHC (6.6 ± 0.75 

×10⁹/L; P < 0.001). Platelet counts were also 

significantly higher in new CML patients (283 ± 138 

×10⁹/L) versus AHC (246.6 ± 56.3 ×10⁹/L; P < 0.05). 

Figure 1: non- PCR detection of the HBV  gene; in CML patients. M: A 100–1100 

bp DNA ladder. After migrating into 2% agarose at 75 V and 20 mA for 120 min, 

the PCR-amplified products were stained with ethidium bromide and placed in 15 

µl per well. 

 

Figure 2: PCR detection of the PDL-1 gene; in CML patients. M: A 100–1100 bp 

DNA ladder. After migrating into 2% agarose at 75 V and 20 mA for 120 min, the 

PCR-amplified products were stained with ethidium bromide and placed in 15 µl 

per well. 
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Hemoglobin (Hb), packed cell volume (PCV), and BCR-

ABL ratios did not differ significantly between the CML 

and AHC groups.  

Serum PDL1 levels were significantly lower in CML 

patients (n = 120) than in apparently healthy controls 

(AHC; n = 100). The mean CTLA-4 concentration was 

268.8 ± 89 in CML patients versus 470.6 ± 288 in the 

AHC group (P = 0.0032).  

HBV-DNA was absent in all 120 CML patients tested 

via PCR. All samples were negative (100%), with no 

positive cases (0%). The P-value of 0.03 was 

inconsistent with the non-significant notation (Sign 

>0.05); though the data confirm no HBV infection in the 

cohort. The text clarifies that AHC groups similarly 

tested negative, supporting the conclusion 

that HBV was undetectable in both study 

populations (Figure 1). 

In the current study, the PDL1 genetic 

sequences located on chromosome 9 were 

targeted. The 439 bp amplicon analyzed in 

this study represents part of the exon 

region of the PDL1 molecule (Figure 2). 

The NCBI BLASTn engine exhibited 

approximately 99.9% sequence similarity 

between the intended target reference 

sequences and the sample gene sequences. 

The alignment results of the 493 bp 

samples were compared to the reference 

DNA sequences (Figure 3). The mutation 

was observed at a specific position 

showing a C > T substitution. 

As illustrated in Figure 3, the 

polymorphism appeared in two distinct 

zygosity patterns among the sequenced samples: a 

homozygous (T/T) form and a heterozygous (C/T) form, 

which was confirmed through sequencing 

chromatograms. The chromatographic profiles 

demonstrated a clear peak separation, highlighting the 

single-nucleotide variation between the samples. 

The present results showed that the DNA polymorphism 

distributions were as follows: CC, CT, and TT were 

25%, 30%, and 45%, respectively, in patients with CML 

and 70%, 10%, and 20%, respectively, in the control 

group. There were no statistically significant differences 

(P < 0.05) between the different groups according to 

PDL1 genotyping. Statistical analysis of CT indicated a 

borderline non-significant association (P = 0.08) with an 

odds ratio (OR) of 0.11 (95% confidence interval [CI]:  

Table 1: Baseline characteristics of CML patients and healthy controls 

Parameters CML patients (n = 120) Control group  

(n = 100) 

P-value  

New diagnosis  

(n = 20) 

Treated  

(n = 100) 

Age ± SD 44 ± 13.3 48 ± 11.43 46 ± 12.9 0.06 

Gender Male 12 (60) 52 (52) 56 (56) 0.059 

Female 8 (40) 48 (48) 44 (44) 

Gender ratio   M:F 1.5:1 1.08               1.27:1  

WBC (x109 /L) 173.5 ± 88.13 7.7 ± 5.47 6.6 ± 0.75 < 0.001* 

Platelets (x109 /L) 283 ± 138 323 ± 312 246.6 ± 56.3 < 0.05* 

Hb (g/dl) 12.1 ± 1.65 12.3 ± 1.65 13.1 ± 1.4 0.2 

PCV (%) 36.9 ± 5.21 37.5 ± 6.9 40.1 ± 4 .5 0.09 

BCR-ABL ratio 20.6 ± 6.8 6.3 ± 12.6 0  

Data presented as n (%) or mean ± SD; P < 0.05 is significant 

Figure 3: A novel mutation in PDL1 gene 
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0.01–1.32), as shown in Table 2. Statistical analysis of 

the TT genotype indicated a borderline non-significant 

association (P = 0.05) with an OR of 0.15 (95% CI: 0.02–

1.07), suggesting a potential but not statistically 

confirmed protective effect. 

 The C allele was present in 16 (40%) patients and 15 

(75%) control alleles, and served as the reference allele. 

The T allele was observed in 24 (60%) patients and 5 

(25%) control alleles. Statistical analysis showed a 

borderline significant association between the T allele 

and decreased disease risk (P = 0.01), with an OR of 0.22 

(95% CI: 0.06–0.73) as shown in Table 2. 

A novel partial sequence of the PDL1 gene was 

identified, covering 439 bp and located on chromosome 

9. The samples were collected from blood-derived 

leukocytes and submitted to the DDBJ/EMBL/GenBank 

databases under accession numbers LC867662, 

LC867663, and LC867664. 

In this study, the genetic sequence of PDL1 was 

analyzed. For the currently investigated 439 bp gene 

amplicon, BLASTn analysis revealed a high similarity 

with the reference human PDL1 gene sequences 

available in NCBI, including coding and adjacent 

regulatory regions, according to human genome 

annotation (GenBank version: LC867662.1: 

LC867663.1, and: LC867664.1). 

4. DISCUSSION  

CML is the most common leukemia, in which the BCR-

ABL1 fusion gene, which increases tyrosine kinase 

activity and inhibits apoptotic mechanisms, is 

responsible for the unchecked clonal proliferation of 

hematopoietic stem cells that characterizes CML, a 

myeloproliferative neoplasm. The hallmark of disease 

pathogenesis is the increase of immature granulocytes in 

the bone marrow and peripheral blood as a result of 

this.17–19 

In the current study, 

the average age of 

the patients with a 

new diagnosis was 

44 years, and the 

group had an 

average age of 51 

years. However, the 

p-value of 0.6 

suggests that the 

difference in age 

between the groups 

was not statistically  

significant. In terms of sex, the data indicate a slightly 

higher proportion of males in the patient groups than in 

the control group, although this difference was not 

statistically significant. The results are compatible with 

epidemiological data that show that CML patient age 

differs at the time of analysis, depicting the median age 

range of 52–64 years.20 

According to a different study, CML often manifests in 

Asians between the ages of 35 and 45, with an annual 

global incidence rate of 15/1,000,000 and a male-to-

female ratio of 1.34. According to several Indian 

publications, the majority of patients are under 60 years 

of age.21,22 In their analysis of 856 patients with CML, 

Berger et al. discovered that women had smaller spleens 

and higher platelet counts. Additionally, men with CML 

were less likely to survive and more likely to have 

additional chromosomal abnormalities. The change was 

more noticeable among individuals with low and 

intermediate risk, and it was unrelated to the risk 

assessment based on the Sokal score.23 

Serum PD-L1 protein concentrations were significantly 

lower in CML patients than in AHC patients. These 

findings regarding circulating PD-L1 align with the 

observations of Munari et al. (2021), who reported that 

circulating PD-L1 levels are influenced by diverse host- 

and tumor-derived factors and may not consistently 

correlate with specific gene polymorphisms.24 

Collectively, the present results suggest that variation 

within the PD-L1 gene may contribute to CML 

pathogenesis through mechanisms distinct from the 

regulation of circulating protein levels, which exhibit 

considerable variability. 

In the current study, genotypic analysis of the PDL1 gene 

revealed distinct differences in the distribution of the 

CC, CT, and TT genotypes between patients with CML 

and AHC. The TT genotype was observed in 45% of 

patients versus 20% of controls, and the T allele was 

significantly more frequent in patients (60% vs. 25%), 

suggesting a potential association between the T allele 

and disease modulation. The CT and TT genotypes 

demonstrated borderline non-significant p-values (P = 

Table 2: Genotyping of PDL1 gene in CML patients and AHC groups 

Genotype 

PDL-1 

CML Patients  

(n = 120)  

Control group 

(n = 100)  

z- statics Sig. OR (95%) 

 

CC a 5 (25%) 7 (70%) References 

CT 6 (30%) 1 (10%) 1.73 0.08 0.11 (0.01-1.32) 

TT 9 (45%) 2 (20%) 1.88 0.05* 0.15 (0.02-1.07) 

Total number 20 10  

C allele 16 (40%) 15 (75%) References 

T allele 24 (60%) 5 (25%) 2.47 0.01* 0.22 (0.06-0.73) 

Data presented as n (%); P < 0.05 
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0.08 and P = 0.05, respectively), and the T allele 

exhibited a statistically significant association with 

reduced disease risk (p = 0.01, OR = 0.22, CI: 0.06–

0.73). These results are partially consistent with those 

reported previously, that PD-L1 polymorphisms can 

influence individual susceptibility to cancer by 

modulating immune checkpoint signaling.25 The current 

findings suggest that the T allele may confer a protective 

effect by altering the PD-L1/PD-1 interaction, 

potentially enhancing T cell activity against malignant 

clones in CML. In contrast,26 described a link between 

PD-L1 overexpression and poor prognosis in 

hematological malignancies, indicating that PD-L1 

regulation may play dual roles, depending on the disease 

stage and tumor microenvironment. Advanced genomic 

profiling in 2025 identified CD274 (PD-L1) 

amplification in 19% of CML cases, associated with 

resistance to second-generation TKIs and poorer 

survival, highlighting PD-L1 as both a biomarker and a 

therapeutic target.27 

A novel C>T substitution in exon-associated sequences 

of the PDL1 gene was identified in both homozygous 

(TT) and heterozygous (CT) forms. The mutation was 

confirmed via direct Sanger sequencing and recorded in 

international genetic databases under accession numbers 

LC867662, LC867663, and LC867664. Similar 

mutations have been reported to affect immune 

surveillance in various malignancies by altering the 

ligand-receptor binding affinity and expression 

patterns.28 

Importantly, no HBV DNA was detected in the serum of 

either CML patients or control subjects. This finding is 

consistent with a study by Kong (2022), which 

emphasized that HBV reactivation during TKI therapy in 

CML is rare, particularly in patients without serological 

signs of prior infection.29 However, this contradicts 

earlier epidemiological data linking chronic viral 

infections to leukemia risk through immune modulation 

and sustained inflammation.30 The absence of HBV in 

the current cohort may be attributed to limited exposure, 

regional vaccination policies, or the low replication rate 

of HBV in patients with CML. 

The discrepancy in results compared to some previous 

studies may be attributed to the small sample size, the 

fact that most patients were receiving treatment, and 

differences in laboratory equipment or methodology. 

5. LIMITATIONS  

The limitations include sample size constraints and lack 

of functional validation of PD-L1 mutations. Future 

studies should explore PD-L1 mechanistic role in CML 

progression and assess the relevance of HBV screening 

in populations with a higher seroprevalence. These 

findings underscore PD-L1 genotyping as a potential 

tool for risk stratification of patients with Iraqi CML. 

6. CONCLUSION 

This study demonstrated a significant reduction in serum 

PD-L1 levels among Iraqi CML patients compared with 

healthy controls, suggesting dysregulation of immune 

checkpoint pathways independent of genetic 

polymorphisms.  

The identification of a novel PD-L1 exon mutation 

(C>T) revealed a potential protective role for the T allele, 

with carriers exhibiting reduced disease susceptibility. 

This aligns with PD-L1’s established role in modulating 

T cell-mediated antitumor responses, where specific 

variants may enhance immune surveillance against 

leukemic clones. 
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