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ABSTRACT

Objective: To investigate the relation between expression level of microRNA-21 (miR-21) and patient gender in
patients of CML receiving TKI therapy.

Study Design: Cross-sectional study

Place and Duration of Study: This study was conducted at the University of Al-Qadisiya, College of Medicine,
Iraq from 15t April 2025 31% August 2025.

Methods: This study included 50 chronic myeloid leukemia patients under tyrosine kinase inhibitors treatment.
Molecular analysis of miR-21 expression was performed using real-time quantitative PCR. Statistical analysis,
including correlation and cross-tabulation, was used to investigate the relation between gender, miR-21 expression,
tyrosine kinase inhibitors type, and treatment response.

Results: A statistically significant association was observed between microRNA-21 expression level and patient sex
(r= 0.312, p=0.027). The cohort demonstrated a slight predominant of male patients (56%), while no statistically
significant differences were detected in molecular response rates between genders.

Conclusion: The association between microRNA-21 expression level and patient sex indicates the presence of a
potential sex-specific regulatory mechanism influencing microRNA-21 in chronic myeloid leukemia.
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INTRODUCTION tyrosine kinase that drives leukemogenesis by

promoting uncontrolled proliferation and survival of
Chronic myeloid leukemia (CML) is hematological CML cells.*® Tyrosine kinase inhibitors (TKI) are a
disease categorized by malignant transformation of  class of pharmacological drugs that disrupt protein
hematopoietic stem cells carrying the Philadelphia  kinase -mediated signal transduction pathways and have
chromosome, and has an annual incidence of about 2 been approved by the US Food and Drug administration
cases per 100,000, representingapproximately15% of (FDA) for the treatment of CML.%7 Despite this success
newly diagnoses leukemia cases in the adult | significant variability in patient response and toxicity
population.>? A key event in pathogenesis of CML is  profiles persists. Recent research has highlighted the
the fusion of Ableson murine leukemia ( ABL1) gene function of non-coding RNA, epically microRNAs
located on chromosome 9 with the breakpoint Cluster ~ (miRNASs), in regulating these outcomes.® microRNA-

Region (BCR) gene on chromosome 22.3 21 (miR-21) is a key oncomiR, and its elevated

This chromosomal rearrangement leads to formation expression has been associated with weak prognosis.

of the BCR:ABL1 oncoprotein, a constitutively active And drugs resistance in various cancers, including
CML.%10
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to explore whether gender similarly affect the
molecular profile of patients with CML.*3

The purpose of this study was to evaluate the
relationship ~ between  microRNA-21  (miR-21)
expression levels and patient gender in individuals with
CML undergoing TKI therapy, in order to gain insights
in to possible sex-specific molecular mechanisms.

METHODS

A cross-sectional study was conducted at Al-Diwaniyah
General Hospital and Department of Pharmacology and
Therapeutics, faculty of Medicine, University of Al-
Qadisiya, Iraq from from 1% April 2025 31 August
2025 vide letter No. 301 date 23-2-2025 and 50 patients
diagnosed with Philadelphia chromosome-positive
chronic myeloid leukemia (CML) were included. All of
whom were on therapy with tyrosine kinase inhibitors
(TKIs) such as Imatinib, Nilotinib, or Bosutinib. For
diagnosis and what follows, standard procedures
included a complete blood count and BCR-
ABL1molecular analysis by real-time quantitative PCR.
The entire RNA was taken from whole blood samples
using TRI pure RNA extraction reagents (ELK, China)
following the manufacturer's protocol, which involved
lysis with Triazol, chloroform extraction, isopropanol
precipitation, and 70% ethanol washing. RNA
concentration was measured using the Quantus™
Fluorometer (Promega, USA). The isolated RNA was
converted into complementary DNA (cDNA) using the
reverse transcription ADDBIo kit (Korea). The reaction
of the mixture (20 pl total volume) included 4 ul of
RNA and was incubated at 50°C for 60 minutes for
reverse transcription.

The microRNA-21 (miR-21) expression level was
quantified by [RT-qPCR] using the Add Script RT-
gPCR Syber master (AddBio, Korea) on a BioRAD
(USA) real-time gPCR machine. The housekeeping
gene was GAPDH (Table 1). Reaction mix and

SPSS-25. The correlation of miR-21 expression with
patient gender was assessed using Pearson's correlation
coefficient. Cross-tabulation and Chi-square tests were
used to compare the distribution of TKI type and
treatment response between male and female patients.
Statistical significance was assigned to p-values less
than 0.05.

RESULTS

There were 28 (56%) males and 22 (44%) females with
male: female ratio is 1.27:1 (Fig. 1). The average age of
male patients with CML was found to be higher than
that of female patients, 51.78 years versus 47.18 years,
respectively. However, from a statistical perspective,
this apparent age difference between the sexes is not
significant because the p-value is 0.275 (Fig. 2)

The disease’'s duration varied greatly, ranging from a
minimum of one year to a maximum of 26 years. The
median (inter-quartile range) of disease duration is 8
(15.25) years with average of 9.82+7.93 years. With
42% of cases, the largest percentage of patients had
disease duration of less than five years. Since it
accounted for 10% of cases, the lowest percentage was
recorded during the 6-10 year period. 20%, 16%, and
12% of cases at 11-15 years, 16-20 years, and >20
years disease duration, respectively (Table 4, Fig. 3).

Table No. 1: Primers for House Keeping Gene
(GAPDH) and for Gene of Interest (miRNA21)

Gene Primer Sequence (5'->3")

House Forward | GAAGGTGAAGGTCGGAGTC
Keeping

Gene Reverse | GAAGATGGTGATGGGATTTC
(GAPDH)

Gene of Forward | TTGTCGGGTAGCTTATC
Interest

(miRNA- Reverse | GTCAGACAGCCCATCGA

21)

Table No. 2: Preparation RT-qPCR amplification

preparation of RT-gPCR amplification is shown in Substance Amount
Table 2. The thermal cycling conditions of the thermal H20 44l
conditions were carried in Table 3. AddScript RT-gPCR 0l
Total RNA was extracted from whole blood samples. Forward primer (0.05 pmol/20 ) >l
The microRNA-21 (miR-21) expression level was Reverse primer © '05 pm0|/20 ul) > HI
quantified by [RT-gPCR] using the AddScript RT- DNA P 0P H Zul
gPCR Syber master (AddBio, Korea) on a BioRAD ¢ i ”I
(USA) real-time gPCR machine, with GAPDH as the Tota 204
housekeeping gene. The data was analyzed through
Table No. 3: The thermal conditions were carried out using BioRAD (USA)
Temperature Time/Ses Repeat
Initials denaturations 95°C 300 1
Denaturations 95°C 20 40x
Annealings According to gradient protocol 30 40 x with machines read
Extensions 72°C 30 40 x
Melting analyses 94°C 15 1
Melting analyses 61°C 60 1
Melting analyses +0.3°C of 95°C 15 Machines reading
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96% of the cases in this project were in the chronic
phase, and 4% were in the blast phase (Fig. 4).

Table No. 4: Disease duration of patients with
chronic myeloid leukemia

Duration (years) Results
Mean+SD 9.82+7.93
Minimum - Maximum 1-26
Median (IQR) 8 (15.25)
<5 years 21 (42%)
6 — 10 years 5 (10%)
11- 15 years 10 (20%)
16 — 20 years 6 (16%)
> 20 years 6 (12%)
Female

22
44%

56 %

Figure No. 1: Frequency of genders

Blast phase
2
4%

Chronic
48
96 %

Figure No. 4: The proportion of cases of CML
categorized into chronic phase and at blast phase

The primary finding of this study was the significant

statistical correlation observed between miR-21
expression and patient sex (r=0.312, p=0.027)
[Table 5].

Table No. 5: Correlation of miR-21 expression with
atient sex
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Figure No. 2: Relation between sex and mean of age
of patients having CML
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Figure No. 3: The proportions of case of CML
classified based on duration of disease

Characteristic | miRNA-21 (r) | miRNA-21 (p)
Sex 0.312 0.027
DISCUSSION

Interferon-o was the first successful therapy for CML, a
blood cancer identified by neoplastic alteration of
hematopoietic stem cells. Prior to the advent of new
therapeutic approaches like Imatinib., a tyrosine kinase
inhibitor, that drug is the sole option available to
treating CML. patient. However, transplantation of
allogenic stem-cell kind is only curing therapy for
CML, and recent tyrosine kinase inhibitors. Numerous
projects has proposed micro-RNAs taking part with the
pathogenic mechanism of cancerous changes and
progression of disease, and miR-21 was reported to
show elevation in blood cancers.** According to Chan
et al®, miR-21 is a highly significant candidate
involved in oncogenic activity. In a cell-line of
glioblastoma culture, it was proposed this microRNA-
21 knockout activated caspases, increased apoptosis,
and caused cell death, indicating the upregulation of
miR-21 may be a mechanism combating programmed
cell death.

In the present study, the average age of CML patients
was 49.76 years (median of 46.5 years) and it ranged
between 14 and 77 years and approximately half of our
patients were above 40 years and below 60 of age. In
our study, there were 28 males CML cases and 22 of
female cases, making the male to female ratio as 1.27:1
and we reported no significant differences in average of
age between male patients and female patients. In 2023,
Laabidi et al'® reported a little female predominance
(sex-ratio 0.78), which contradicts our findings. They
also reported that the mean age of CML patients was 50
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years, which is fairly similar to the mean age obtained
in our study.

In this study, the median disease duration was 8 years
and the range of duration was between one and 26
years. Duration of less than 5 years was shared by the
major fraction of patients (42%). Chronic phase was the
dominant phase as it accounted for 96% of the cases
whereas blast phase was seen in only 4% of cases. With
respect to use of TKI, in our study we observe
significant change from Imat. use as an initial form of
therapy to other new generations such as bosutinib and
nilotinib. In our study, drug toxicity was seen in 18% of
cases.

The finding of a statistically significant association
between miR-21 expression and patient gender
(r=0.312, p=0.027) is a novel and important observation
that warrants further discussion. This result aligns with
a growing body of literature suggesting that sex-related
differences exist in the molecular landscape of various
cancers.*’

The underlying mechanism for this gender-dependent
expression of miR-21 in CML is likely multifactorial.
One hypothesis relates to the influence of sex
hormones. Studies in other cancers have shown that
estradiol can down regulate miR-21 expression.'® Given
that CML is a disease with known gender-related
clinical characteristics®, it is plausible that hormonal
differences between male and female patients influence
the regulatory pathways of miR-21, which is a known
oncomiR.

An alternative explanation may involve gender-specific
variations in the metabolism of tyrosine Kkinase
inhibitors. Although our cross-tabulation analysis did
not reveal a statistically significant difference in the
types of TKIs prescribed between males and females, it
is well-documented that cytochrome P450 (CYP)
enzyme activity which plays a key role in the
metabolism of TKIs such as Imatinib and Nilotinib -
differs between genders.*? These differences could lead
to variations in TKI plasma concentrations, potentially
influencing the cellular milieu and thereby modulating
the expression of stress-responsive  microRNAS
including miR-21.

This investigation is constrained by its cross-sectional
nature and the absence of direct measurements of
hormonal levels. Nevertheless, the significant
correlation identified underscores the importance of
considering gender as a pivotal factor in future research
exploring miR-21 as a biomarker in chronic myeloid
leukemia. Subsequent studies should aim to quantify
sex hormone concentrations and directly assess their
relationship with miR-21 expression, in order to clarify
the underlying regulatory mechanisms.

CONCLUSION

A significant association was observed between miR-
21expression and the gender in CML patients receiving

TKI therapy. This result underscores the importance of
incorporating gender as a biological variable in
molecular profile studies of CML and suggests the
involvement of hormonal or metabolic regulatory
mechanism in modulating miR-21 expression.
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