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INTRODUCTION

Hematopoietic stem cells (HSCs) are associated with
chronic myeloid leukemia (CML).
bone marrow blood-producing cells and spreads via the

ABSTRACT

Background: Chronic myeloid leukemia (CML) is driven by the BCR-ABL1 oncogene
and characterized by dysregulated myeloid cell proliferation. Cytotoxic T-lymphocyte
antigen-4 (CTLA4), an immune checkpoint protein, modulates T cell activity and may
influence cancer progression. Tyrosine kinase inhibitors (TKIs) are effective in treating
CML. Obijectives: This study aimed to assess CTLA4 gene polymorphisms, serum CTLA4
levels, and HBV infection as potential risk factors in patients with chronic myeloid
leukemia (CML). Methodology: A case-control study included 220 participants: 120
CML patients (20 newly diagnosed and 100 receiving treatment) and 100 age/sex-
matched healthy controls. DNA was extracted from the blood samples, and CTLA4
polymorphisms (rs231775) were analyzed by PCR and Sanger sequencing. Serum
CTLAA4 levels were measured using ELISA. HBV DNA was detected by PCR. Statistical
analyses included the chi-square test, Hardy-Weinberg equilibrium, and logistic
regression. Results: CTLA4 genotype distributions differed significantly between the
groups: CML patients exhibited 20% AA, 30% AT, and 50% TT, whereas controls
showed 60% AA, 0% AT, and 40% TT. The AT genotype was exclusive to all patients
(p=0.06, OR=0.05). Serum CTLA4 levels were higher in patients (32.47 = 14.2 pg/mL)
than controls (23.83 + 9.03 pg/mL), though statistically significant (p=0.0387). HBV
DNA was not detected in any sample. Biochemical parameters (urea, ALT, AST, and
LDH) showed no significant differences, except for creatinine (p=0.01). Conclusion:
CTLA4 polymorphisms, particularly the AT genotype, may confer a protective effect
against CML development in lraqi patients Elevated serum CTLA4 levels suggest
immune dysregulation in CML; however, no association with HBV infection was
observed. These findings do not support routine HBV screening in this cohort.

The Philadelphia chromosome is the main risk factor
for CML, along with sex, age, radiation exposure, and
chemical exposure 3. Activated T cells include CTLA-
4, an inhibitory checkpoint 4. It is usually observed on
activated T cells 5, also known as CD152 5. An
extracellular immunoglobulin V-like domain that binds

Cancer starts in

bloodstream. It is also known as chronic myelogenous
leukemia. It is a myeloproliferative neoplasm, with 1
2 occurrences per 100,000 individuals. It is rare and
accounts for 15% of newly diagnosed adult leukemia
cases'. Philadelphia chromosome (Ph) is a defining
feature of myeloproliferative neoplasms (MPN).

Bone marrow cells translocate sections of
chromosomes 9 and 22. This translocation occurs
during the cell division. In contrast, chromosomes 9
and 22 were connected to each other. Thus,
Chromosome 9 lengthens, whereas chromosome 22
shortens. The Philadelphia chromosome is chromosome
22, which produces a BCR-ABLL1 fusion gene due to
reciprocal translocation [t(9;22)]. Most of the patients
were 2,

B7 ligands (CD80/CD86) with a higher affinity than
CD28, a transmembrane region, and a cytoplasmic tail
with a conserved YVKM motif that recruits inhibitory
signaling phosphatases such as SHP-2 and PP2A make
up CTLA-4 78 acts as a negative regulator of T-cell-
mediated immune responses by directly sending a
negative signal to effector T cells and interacting with
regulatory T cells (Tregs) °. CTLA-4 is polymorphic,
with over 100 SNP. Many studies have found that these
SNPs increase the incidence of several malignancies,
including colon cancer'?, oral squamous cell carcinoma,
and cervical, lung, and breast cancer .  Hepatitis B
Virus (HBV) infection is the leading cause of death in
the Asia-Pacific region and is connected to the liver.
Therefore, it is an important public health concern.
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HBYV is a small, enclosed DNA virus within the family
Hepadnaviridae 2.

According to a number of 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 1314,

According to a comprehensive analysis, individuals
who are undergoing cytotoxic therapy for solid organ
malignancies have a likelihood of HBV reactivation that
is greater than ten percent, according to a
comprehensive analysis. A great amount of attention
has been drawn to rituximab because of the significant
risk of hepatitis B reactivation that it poses in patients
who are only positive for hepatitis B core antibody
(HBcADb) at the beginning of their treatment 17, The
current study aimed to determine the association of
CTLA4 with CML in patients infected with HBV, as
well as to detect the role of HBV in CML.

METHODOLOGY

Study Population:

Two hundred and twinty (220) blood samples were
obtained from CML patients (120) (20 newly diagnosed
and 100 receiving treatment) collected from the Iraqi
Hematology Center as well as general hospitals in
Middle Euphrates— Irag, Also 100 from AHC who had
no prior history of CML collected from different
Babylon populations. (as controls). The ages for both
the AHC and patient groups ranged from 20 to 60 years.
Estimation the levels of HBV and CTLA-4

Around (3 ml) of venous blood was placed into a gel
tube and centrifuged to obtain serum, which was
instantly stored at freezing (-20) until use. HBV and
CTLA-4 levels in the serum of both patients and AHC
groups were evaluated using an ELISA Kit (BT
LAB/China).

DNA extraction
Total DNA Extraction:

To investigate the polymorphism of CTLA-4 gene
we used the total DNA extraction G-SpinTM Total
DNA Extraction Mini Kit (iNtRON Biotechnology Co.,
Korea), which optimized to extract (20-30kb) DNA
fragments also it help extract up to 50kb fragments.
Approximately (2 ml) of venous blood was placed into
an EDTA tube that was collected from CML patients,
then stored immediately at -20 °C until total DNA was
extracted.

Viral Genome Extraction:

The viral genome was extracted using 3 ml of
venous blood from patients infected with HBV that had
already have CML put into an EDTA tube, which was
then stored until use at (-20°C). The viral genome was
extracted using the Patho Gene-spinTM DNA/RNA

Extraction Kit (iNtRON Biotechnology Co., Korea),
which was designed to isolate high-quality nucleic acids
from a variety of pathogens and specimens using low
elution volumes that allow sensitive downstream
analysis.
Primer selection
The primers sequence used in these research was
designed for CTLA-4 gene
F- “AGTTAGGGAATGGCACAGCC”
R- “GCCCCAAAGCACATGTCAAC”
HBVprimer sequence
F- “ACATGGAGAACATCGCATCA”
R- “AGGACAAACGGGCAACATAC”.
PCR Technique

The current process known as Polymerase chain
reaction (PCR) was conducted using a conventional
thermal cycler (Biometra-Germany) with a total volume
of approximately 25 pL, which consisted of a master
mix (12.5ul), forward and reverse primers (lul pL
each), nuclease-free water (5.5ul), and extracted DNA
(5u
DNA genotyping and Sequencing

The PCR reactions for amplifying HBV and CTLA-
4 polymorphisms were conducted using a preheated
thermal cycler (Biometra, Germany) with distinct
cycling parameters. HBV amplification targeted 35
cycles, beginning with an initial denaturation at 95°C
for 5 minutes, followed by 35 cycles of denaturation
(95°C, 1 min), annealing (59°C, 45 s), extension (72°C,
2 min), and a final extension at 72°C for 5 minutes.
CTLA-4 amplification used 40 cycles with similar steps
but a slightly lower annealing temperature (58°C, 45 s).
Post-amplification, products were electrophoresed on a
1.5% agarose gel and visualized via gel documentation.
For CTLA-4 sequencing, the forward PCR primer was
utilized, and automated sequencing was performed by
Macrogen Company (Seoul, South Korea). Sequences
were analyzed using Geneious Bioinformatics software
(v2) and aligned against NCBI reference databases for
verification and processing.
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. The
Hardy-Weinberg equilibrium was used to analyze the
CTLA-4 gene polymorphism.
Ethical certification

This study adhered to the principles of the
Declaration of Helsinki. Before sample collection,
verbal and written consent was obtained from all
patients. A local ethics commission reviewed and
approved the study protocol, consent form, and subject
information on septemper 10,2024, under project
number M240902.
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RESULTS

The features of the 120 patients in the CML and 100
in the AHC groups, are illustrated in (Tablel), the mean
ages of the newly diagnosed and treated CML patients
were 44+13.3 and 48+11.43, respectively. While, AHC
group was 46+12.9, Also, this table show the sex
distribution in study groups. Non- Significant
differences were found between CML patients and AHC
groups according to their age. Also, was found nen
CML patients and AHC groups according to their sex as
shown in (Table 1).

According to biochemical parameters (Urea
creatinine, AST, ALT and LDH) serum levels, there are
no statistically significant differences among new
diagnosis CML, patients respond to treatments and
relapse group accept in serum level of creatinine
between new diagnosis CML group and relapse group
there is statistically significant differences p value
(0.01) ( Table 2).

In the current study, CTLA4 genetic sequences
located on chromosome 2 were targeted. The 537 bp
amplicon analyzed in this study represents part of the
exon region of the CTLA4 molecule (Figure 1).

Table 1. Age and Sex distribution between patients with CML groups and controls groups.

Patients (n=120) Controls
Parameters New diagnosis Treated (n=100) p-value
(n=20) (n=100)
Age +SD 44+13.3 48+11.43 46+12.9 0.57
Sex Male 12(60%) 52(52%) 56(56%) 0.59
Female 8(40%) 48(48%) 44 (44%) '
sex Ratio 1.5:1 1.08 15

Table 2: Comparison between newly diagnosed CML, treated patients respond to treatment and relapse
according to biochemical parameters

Parameters

New diagnosis

Treated

(n=100)

(n=20)

Response to treatment
(n=69)

Relapse
(n=31)

p-value

Urea£SD mg/dl

31.5+7.8

33.3%£18.2

30.3x12.1

*0.615
**0.69
***0.399

CreatininexSD mg/dl

0.71+0.51

1.0+0.73

0.9+0.33

*0.059
**0.01
***0.329

ALT £SD IU/L

29.5+10.9

30.5+10.79

28.3+12.3

*0.73
**742
**%418

AST +SD IU/L

33.6+12.6

32.2+£12.7

33.2+15.6

*0,671
*+931
**%733

LDH +SD IU/L

478+201

485+278

438+20.4

*0.909
**0.49
***0.39

* Comparison between newly diagnosed CML and response to treatment patients. ** Comparison between newly diagnosed CML patients and
relapse patients.; *** Response to Treatment and relapse.
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Fi PCR detection of the CTLA4 gne; in CML patients. M: A 100-1100 bp DNA ladder. After migrating into 2%
agarose at 75V and 20 mA for 120 minutes, the PCR-amplified products were stained with ethidium bromide and

placed in 15 pl per well.

The present results showed that the DNA
polymorphism distribution was according to AA; AT
and TT were 20%, 30%, and 50% in patient with CML,
respectively, in patients with CML and 60%, 0.0%, and
40%, respectively, in the control group. There were no
statistically significant differences (p< 0.05) between
the different groups according to CTLA-4 genotyping.
Statistical analysis of AA indicated a borderline non-
significant association (P = 0.06) with an odds ratio
(OR) of 0.05 (95% confidence interval [CI]: 0.002—
1.20), suggesting a potential but not statistically
confirmed protective effect, as shown in table (3).
Statistical analysis of the AT genotype indicated a
borderline non-significant association (P = 0.06), with
an odds ratio (OR) of 0.05 (95% confidence interval
(CI): 0.002-1.20], suggesting a potential but not
statistically confirmed protective effect.

Analysis of the TT genotype demonstrated no
significant association with disease susceptibility (P =
0.13), with an OR of 0.26 (95% CI: 0.04-1.48),
indicating a possible but statistically non-significant
trend toward reduced disease risk in individuals
carrying the TT genotype compared to those carrying
the AA genotype. The A allele was present in 14
patients (35%) and 12 control alleles (60%) and served
as the reference allele. The T allele was observed in 26
patients (65%) and 8 control alleles (40%). Statistical

analysis showed a borderline non-significant association
between the T allele and disease risk (P = 0.06), with an
OR of 0.35 (95% CI: 0.11-1.08), as shown in table (3).

A novel partial sequence of the CTLA4 gene was
identified, covering 537 bp and located on chromosome
2. The samples were collected from blood-derived
leukocytes and submitted to the DDBJ/EMBL/GenBank
databases under accession numbers LC86765,
LC867666, and LC867667. In the current study, the
genetic sequence of CTLA4 was analyzed. For the
currently investigated 537 bp gene amplicon, BLASTn
analysis revealed a high similarity with the reference
human CTLA4 gene sequences available in NCBI,
including coding and adjacent regulatory regions,
according to human genome annotation (GenBank
version: LC867665.1, LC867666.1, and LC867667.1).
HBYV DNA was not found in any of the blood samples
of patients in the CML or AHC groups shown in (Table
4) and (Figure 2).

The (table5) compares serum CTLA-4 levels in the
same cohort of 120 CML patients and 100 AHC. CML
patients showed higher mean CTLA-4 levels (32.47 +
14.2) than the AHC group (23.83 + 9.03). The
difference was statistically significant (p=0.0387),
suggesting dysregulated CTLA-4 expression in CML
pathogenesis.

Table 3: Genotyping of (CTLA-4) gene in CML patients and AHC groups.

Gce_rll_tl)_txge Patients No. (%) ﬁghggg ; z- statics Sig. OR (95%)
AA? 4 (20%) 6 (60%) References
AT 6 (30%) 0 (0.0%) 1.48 0.06 0.05(0.002-1.20)
TT 10 (50%) 4 (40%) 1.51 0.13 0.26(0.04-1.48)
Total number 20 10
Aallele 14 (35%) 12 (60%) References
T allele 26 (65%) 8 (40%) 1.81 | 0.06 | 0.35(0.11-1.08)
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Table 4: The Results of PCR for HBV-DNA infection in patients with CML

HBV No. % P value
Positive i 0.00% P=0.03
Negative 120 73% Sign
Total 100 100% >0.05

S 2

Table 5: Comparison of Serum CTLA-4 Levels
Between CML Patients and AHC

Groups No. of Levels of Sig.
study cases CTLA-4
(Mean £SD)
Patients 120 32.47+£14.2
AHC 100 23.83+9.03 | 0.0387
DISCUSSION

Clonal proliferation of progenitor cells in
hematopoietic tissue is a characteristic feature of
chronic myeloid leukemia (CML). This phenomenon
leads to an increase in the generation of myeloid blasts
and a decrease in the rate of apoptosis®.

According to the research, newly diagnosed patients
are 35 years old, whereas the group averages 51 years
old. However, the age difference between the groups
was not statistically significant (p = 0.62). The sick
group had slightly more males than the control group.
However, the difference was not statistically significant.
The data suggest that the patient groups were male. This
applies to gender. Epidemiological studies suggest that
the age of patients with CML changes during the study
period and that the median age ranges from 52 to 64
years. These findings are in agreement with ALgahtany
etal %,

Another study reported that Asians commonly
develop CML at 35-45 years of age. CML affects 15
per 1,000,000 people worldwide, with a 1.34 male-to-
female ratio. Indian studies showed that most patients

Egyptian Journal of Medical Microbiology

F 2: NOCR detection of t HB gene; in CML patients.M: A 100-1100 b DNA ladder. Afterigrating into
2% agarose at 75V and 20 mA for 120 minutes, the PCR-amplified products were stained with ethidium bromide and
placed in 15 pl per well.

were under 60 years of age. The current study found no
statistically significant change in clinical parameters of
older CML patients?°22,

Berger et al 2. observed that women had higher
platelet counts and smaller spleens than men. Men with
CML have a lower survival rate and more genetic
abnormalities than women. This did not correlate with
the Sokal score-based risk assessment, and the gap was
greater in low- and moderate-risk patients.

Despite women switching TKIs more frequently
during TKI therapy, the SIMPLICITY trial found this to
be true #. No data suggest a sex difference in TKI
ability to induce dramatic cytogenetic and molecular
remissions. Similarly, there is no evidence that sex
affects the overall survival of patients with CML during
TKI therapy.

TKIs including imatinib, dasatinib, and nilotinib are
used to treat chronic myelogenous leukemia. However,
these medicines may have negative effects. These drugs
cause hepatotoxicity and nephrotoxicity in CML
patients. These adverse effects have been reported in
several studies. Drug-induced liver and kidney damage
may elevate ALT, AST, and renal function indicators?*,

A decrease in the SOD potential from 34.63 to 26.12
U/mg proteins was also observed in CML-PBM cells as
a result of the addiction to Li. (CML-PBM) cells
showed a significant decrease in SOD activity as a
result of in vivo treatment with IM, DAS, and NIL%,

Activated T cells express CTLA-4, which inhibits T
cell activation and proliferation. This has been proven
by a significant amount of research. CTLA-4 controls T
cell-mediated immunological responses by
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competitively binding to costimulatory B7 protein and
activating FAS-dependent cell death. Previous studies
% have demonstrated this. Recent studies have shown
that many tumors exhibit aberrant CTLA-4 gene
expression. This supports the idea that this gene may
contribute to cancer formation and progression 2-%°,

In the present study, a unique CTLA4 gene mutation
at LC86765, LC867666, and LC867667 (537 bp)
exhibited polymorphisms that differed between patients
with CML and controls. AA was more common in the
control group (60%) than in the AT group and was only
found in patients with CML (30%). These data were
non-significant (p = 0.06), but showed that some
CTLAA4 alleles may be protected. This supports earlier
findings that CTLA-4 gene polymorphisms may affect
colorectal, lung, and breast cancer risks . The
immune-suppressive role of CTLA-4 in cancer is
supported by the increased mean blood levels of CTLA-
4 in CML patients compared to controls, albeit being
statistically insignificant. CTLA-4 reduces T-cell
activation by competing with CD28 for B7 ligands on
antigen-presenting cells 3°. CTLA-4 upregulation is a
well-known tumor immune escape mechanism,
especially in hematologic malignancies 3.

Unlike other cancers, lymphoid tumors are immune
system-derived. This distinguishes them from lymphoid
malignancies. Most lymphoid lung malignancies
originate from mature B and T cells®®. Thus, the
immune system plays a complex role in
lymphadenopathy. CTLA-4, a typical immunological
regulatory checkpoint, is essential for T cell anergy, T
and B cell inhibition, and other immune responses .
Thus, aberrant CTLA-4 expression may contribute to
lymphoid malignancies. Additionally, single nucleotide
polymorphisms (SNPs) in CTLA-4 are thought to
influence promoter activity and CTLA-4 production.
CTLA4 on chromosome 2033 negatively regulates T-
cell growth and activation. It does this by competing
with CD28 for binding to B7-1/B7-2, thereby reducing
T-cell responses and  peripheral  tolerance®.
Overexpression of CTLA4 produces inhibitory signals
that are larger than tumor cell surface antigen
immunogenicity. T-cell activation is downregulated or
stopped, allowing the immune system to escape the
tumor *. Several types of cancers have aberrant CTLA-
4 gene expression, which may contribute to cancer
formation and progression 34. Many studies have linked
CTLA-4 polymorphisms to a wide spectrum of cancer-
related disorders. Genetic variation can alter gene
expression and protein function. HBV can cause
persistent infection, immunological modulation, liver
cirrhosis, and hepatocellular cancer. Covalently closed
circular DNA (cccDNA) allows viral reproduction
despite immune responses and antiviral medicines,
helping the virus to survive. @,

In the current study, HBV DNA was not found in
any of the blood samples of patients in the CML or
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AHC groups. These results agree with Ikeda et al * It
has been well established that individuals who were
undergoing chemotherapy experienced reactivation of
chronic HBV infection. However, reactivation that
occurs during treatment with imatinib mesylate has not
been described.

In addition, this contradicts an epidemiological
research showing that prolonged inflammation or
immunological modulation from viral infections may
cause leukemia Dalia et al ¥. The lack of a substantial
relationship may be related to CML phase or HBV
replication in these patients. According to recent
studies, hematological cancers may be affected by it.
Patients undergoing therapy for hematological
malignancies are treated with TKI. A comprehensive
investigation by Barone et al 6. showed the risk of HBV
reactivation in these patients. The study shows that
HBV reactivation in patients with resolved infection is
rare, but it can be affected by factors such as
hematologic malignancy, medication, ethnicity, and
HBV genotype. This emphasizes the need for HBV
monitoring in patients with CML receiving TKI therapy.

CML patients demonstrated significantly elevated
serum CTLA-4 levels compared to the AHC with a p-
value of 0.0387. This statistically significant difference
suggests that CTLA-4 expression is upregulated in
CML, potentially reflecting an underlying immune
dysregulation associated with disease pathogenesis. The
increased CTLA-4 levels may be related to T-cell
exhaustion or impaired immune surveillance
mechanisms in these patients. The absence of HBV
DNA in all samples suggests a low viral reactivation in
this cohort. Despite the lack of a direct connection,
CTLA-4 levels may indicate immune dysregulation in
CML patients. Conclusion: This study highlights the
potential protective role of CTLA4 polymorphisms,
particularly the AT genotype, in Iragi CML patients,
along with elevated, yet significant, serum CTLA4
levels. The absence of HBV DNA in both patients and
controls contradicts prior hypotheses linking HBV
infection to CML progression in this population. These
results emphasize the need for population-specific
genetic studies on CML and suggest that HBV
reactivation may not be a critical concern in Iraqgi
patients undergoing TKI therapy.
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