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Introduction: Currently, Imatinib (IM) which is a Tyrosine Kinase Inhibitor (TKI), is the main treatment for patients with chronic
myeloid leukemia (CML). Major molecular response (MMR) is used as therapeutic response. Resistance to IM may be caused by
hypoxia which is regulated by hypoxia inducible factor (HIF) 2-a. The role of HIF2-a is currently not researched extensively. This
study aimed to analyse the differences in HIF-2a expression between chronic phase CML patients that achieved MMR and those that
did not achieve MMR.

Methods: This study used a cross-sectional method which analysed secondary data from whole blood samples in chronic phase CML
patients aged 18—60 years that received hydroxyurea (HU) before IM, aged 18—60 years, received IM therapy for more than 12 months, and
were willing to participate in the study. The exclusion criteria for this study were patients who were receiving IM at a dose of more than
400 mg/day. HIF-20, protein expression was examined using the enzyme-linked immunosorbent assay (ELISA) method. Differences
between HIF-2a protein expression in groups that achieved MMR versus not achieving MMR was analysed using the Mann—Whitney test.
Results: A total of 79 subjects were obtained. The median HIF-2a was 90.56 pg/mg protein (3.01-4628.74). There was no statistically
significant difference in expression of HIF-2a in the group that reached MMR and did not reach MMR, namely 123.45 pg/mg protein
and 89.25 pg/mg protein respectively (p 0.718).

Conclusion: This study found no statistically significant difference between HIF-2a expression level and MMR achievement of
chronic phase CML patients who received HU before IM therapy.
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Introduction
Chronic myeloid leukemia (CML) is a myeloproliferative disorder characterized by the excessive proliferation of
myeloid cells at various stages of differentiation.' The disorder is characterized by a specific genetic alteration,
a reciprocal translocation of chromosomes 9 and 22, which results in the formation of the Philadelphia chromosome.'
This translocation leads to the fusion of the Breakpoint Cluster Region-Abelson murine Leukemia (BCR-ABL) gene,
which plays a crucial role in the development and progression of CML."

The effectiveness of CML therapy is evaluated by determining the level of therapeutic response, which is measured by
major molecular response (MMR)." Other measurement of therapeutic response include complete hematologic response and
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complete cytogenetic response.> However, MMR is proven to be superior as outcome measurement, especially for predicting
long-term relapse.*

Failure to achieve a therapeutic response can be caused by resistance to therapy.” The mechanisms of resistance can be
either BCR-ABL dependent, caused by genetic mutations in the BCR-ABL gene itself, or BCR-ABL independent, which can
be caused by various factors, including increased production of reactive oxygen species (ROS).>” ROS play a significant role
in maintaining genome integrity as they can damage DNA through direct or indirect processes. Research has also shown that
ROS formation can occur as a result of hydroxyurea (HU) treatment before imatinib (IM) therapy.®’

Hypoxia-inducible factor (HIF) plays a role in regulating oxygen homeostasis and is involved in the pathogenesis of
various diseases, including leukemia. There are three isoforms of HIF protein: HIF-10, HIF-20, and HIF-30.* ' HIF-1a is
the most widely studied and is expressed in nearly all cell types. HIF-2a is expressed in a limited number of cell types, such
as vascular endothelial cells, type 2 pneumocytes, renal interstitial cells, liver parenchyma, and myeloid cells. HIF-3a is
currently less well-researched compared to the other isoforms.*!!

Increased expression of HIF has been reported in a majority of cases of acute myeloid leukemia (AML), acute
lymphoblastic leukemia (ALL), and CML."? In an in vitro study of HIF-2a expression in AML cases, it was found that
there was an increase in HIF-2a protein expression which was associated with accelerated disease progression and poor
response to therapy.'> HIF-20 acts as a transcription factor and plays a role in cell proliferation. If the expression of HIF-2a
increases, it is believed that the proliferation of CML cells will also increase.'

There are currently no studies that specifically examine the relationship between HIF-2a expression and treatment
response in chronic phase CML. Therefore, this study aims to investigate the association between HIF-2a expression and

response to therapy, as measured by an MMR in CML patients.

Method

This study was a cross-sectional study with a total sample of 118 blood samples (leukocyte protein isolates) saved from
previous research subjects with the research title “Longer Hydroxyurea Administration Prior to Imatinib Mesylate is Risk
Factor for Unsuccessful Major Molecular Response in Chronic-Phase Chronic Myeloid Leukemia: Possibility of
P-Glycoprotein Role”."

This study recruited samples from chronic phase CML patients who received HU before IM at Hematology and
Medical Oncology polyclinic at Cipto Mangunkusumo National General Hospital from January 2015 to June 2016.
Procedures of BCR-ABL/ABL ratio is described and measured in previous studies.'* Examination of HIF-20 expression
was carried out by the enzyme-linked immunosorbent assay (ELISA) method.

In this study, MMR was measured after at least 12 months of IM therapy. Attainment of MMR was determined based
on the most recent patient measurement, with a cutoff of BCR-ABL <0.1% defining MMR achievement.

Inclusion and Exclusion Criteria

The inclusion criteria for this study were chronic phase CML patients who received HU before IM aged 18—60 years, had
received IM therapy for more than 12 months, and were willing to participate in the study. The exclusion criteria for this
study were patients who were receiving IM at a dose of more than 400 mg/day.

Statistical Analysis

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 26 (IBM Corp.,
released 2019. IBM SPSS Statistics for Windows, version 20.0, Armonk, NY: IBM Corp.). Descriptive analysis of
categorical data is presented as proportions (percentages). Continuous variables with a normal distribution are presented
as means (average) with standard deviations (SD), while continuous variables with non-normal distribution are presented
as medians and first and third quartile values except for HIF-2a and BCR-ABL ratio which use range. The Student’s #-test
was used to compare continuous variables with normal distribution, while the Mann—Whitney test was used for

continuous variables with non-normal distribution. Correlation test used Spearman correlation analysis.

62 https: Journal of Blood Medicine 2024:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Rinaldi et al

Ethics

This study was ethically approved by the ethics committee of the Faculty of Medicine, University of Indonesia — Cipto
Mangunkusumo Hospital with protocol number 2-0-8-0964. This study follows the guidelines from the Declaration of
Helsinki. As this is a study using previously obtained blood samples from previous study, no informed consent was
required based on evaluation by the ethics committee.

Result

From a total of 118 samples, 85 samples were found that met the inclusion criteria. Out of the 33 samples that were not
eligible for inclusion, 2 were from patients in the accelerated phase, 10 were from patients over 60 years of age, 8 were
from patients who had received IM therapy for less than 12 months, and 13 were from patients who had not been
evaluated for an MMR. However, in total, only 79 samples were available for analysis, as the other 6 samples did not
have sufficient blood volume for analysis.

The characteristics of the study subjects are shown in Table 1. The mean age of the CML patients in the study was
41.51 years. The median blast percentage of the patients in this study was 0% (0—1%), which is in accordance with
definition of chronic phase CML from European Society of Medical Oncology.”

Of the total patients, 22 patients (27.8%) achieved an MMR. The median leukocyte count among our patients was
7000 mg/dL (5200-18,900). Median HIF-2a is 90.56 pg/mg protein (range: 3.01-4628.74) and the median BCR-ABL
ratio was 4.77 (range: 0-94.35).

Table | Basic Characteristics of Research Subjects (N = 79)

Variables

Values

Age, years (SD)

4151 = 13.19

Male gender, (%)

43 (54.4%)

Hb, g/dL (SD)

12.20 + 2.60

Leukocyte, /mL (QI-Q3)

7000 (5200-18,900)

Trombocyte, 103 /mL (Q1-Q3) 235 (160-331)
Basophil, % (Q1-Q3) I (0-3)
Neutrophil, % (SD) 65.30 £ 15.03
Band neutrophil, % (QI1-Q3) 0 (0-0)
Segmented neutrophil, % (SD) 65.23 + 15.04
Lymphocytes, % (SD) 25.76 = 13.05
Blast, % (Q1-Q3) 0 (0-1)
Hydroxyurea treatment duration, months (Q1-Q3) 3 (0-62)

< 6 months, (%)

60 (75.9%)

MMR achievement
Achieved MMR, (%)
Did not achieve MMR, (%)

> 6 months, (%) 19 (24.1%)
IM treatment duration, months (Q1-Q3) 15 (12-72)
12-24 months, (%) 61 (77.2%)
24-48 months, (%) 13 (16.5%)
48-72 montbhs, (%) 5 (6.3%)

22 (27.8%)
57 (72.2%)

HIF-2a, pg/mg protein (minimum-maximum)

90.56 (3.01-4628.74)

BCR-ABL ratio, international scale (minimum-maximum)

477 (0-94.35)
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Figure | HIF-2a Level based on MMR status.

HIF-2 Alpha Expression and MMR Outcome
No statistically significant difference in median HIF-2a expression was observed based on the Mann—Whitney test
between subjects who achieved MMR and those who did not (p-value: 0.718) (Figure 1). The median HIF-2a expression
was 123.45 pg/mg protein (range: 3.01-4628.74 pg/mg protein) in subjects who achieved an MMR, while it was 89.25
pg/mg protein (range: 3.01-2755.7 pg/mg protein) in subjects who did not attain an MMR.

Further analysis is conducted that exclude patients receiving HU <2 months. A total of 44 patients receiving HU >2
months is available for analysis. Mann—Whitney test also showed no statistically significant difference in HIF-2a

between the 2 groups (p: 0.235).

Correlation Between HIF-2a and BCR-ABL Ratio

Correlation analysis between HIF-2a and BCR-ABL ratio was conducted using Spearman correlation test. The correla-
tion test showed weak negative correlation between the 2 variables but this is not statistically significant (correlation
coefficient: —0.165; p value: 0.146).

Discussion

The mean age of the study population was 41.51 years, with the youngest participant being 19 years old and the oldest being 60
years old.">'® However, this mean age is lower when compared to the mean age of CML patients in Western countries, which
tend to be higher. Research in the United States reported a median age of 66 years for CML patients. Studies in European
countries such as France reported a median age of 56 years, while in Germany, it was reported as 57 years, in Sweden it was 60
years, and in the UK it was 59 years.'” ' This difference in age may be attributed to racial and environmental factors.

In a review article that collected data from various registries in several countries in Asia such as China, India, the
Philippines, Hong Kong, Singapore, Taiwan, South Korea and Thailand, the median age range was 36—55 years.”” This
was also in accordance with a study conducted by Mendizabal et al, who studied the relationship between geography and
income and the age of patients when diagnosed with CML where the lowest median was in Asia and Africa, namely 47
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years and the highest in the Oceania region, namely 72 years.?®> Thus, there may be an interaction between geographic
factors and age. From this study, other hypotheses that need to be considered such as genetic mutations triggered by
environmental exposures also emerged.

All subjects in this study had received IM mesylate therapy for at least 12 months. The median leukocyte level in this study
was below 10,000/mL, namely 7000 (5200—-18,900)/mL, with 42.4% (n: 31) subjects having levels leukocytes above 10,000/mL.
Only 11 subjects still had blasts and the number of blasts above 5% was only observed in 1 subject. The median basophils in this
study were 0.00 (0.0-3.0) % with a percentage of basophils above 20% observed only in 1 subject with a basophil level of 47%.

Several studies have shown that hypoxia inducible factors (HIFs) may play a significant role in CML progression by
promoting stem cell survival, angiogenesis, and resistance to therapy.”* A study by King Pan et al demonstrated that
hypoxia-inducible factor 1 a (HIF1-0) is expressed in bone marrow of CML patients.” Interestingly, the Authors also
demonstrated that HIF1-a is only partially suppressed by IM therapy. Thus, the Authors recommend anti-BCR-ABL1 and
anti-HIF1- a to eliminate CML stem cells. Furthermore, a study by Hen Chen et al showed lack of colony formation in
cells with HIF-1a knockdown.'* In small cell lung cancer cells, IM may suppress angiogenesis.*®

HIF-2a as a transcription factor increases the activity of the transcription factor c-Myc and the expression of cyclin D,
both of which are required to maintain stem cells in an undifferentiated state.”” HIF-2a is known to cause AML leukemia
cells to survive the apoptotic process induced by endoplasmic reticulum stress.?®

A study conducted by Forristal et al, showed that there was an increase in HIF-2a expression in AML cells compared
to normal cells, and this increase in expression was associated with increased proliferation of leukemia cells, accelerated
disease progression, and increased resistance to apoptosis.'* Knockdown of HIF-2a in myeloid leukemia cell lines leads
to decreased cell proliferation in vitro, slowing disease progression and prolonging survival.'®

In this study, we did not find significant difference between HIF-2a expression level and MMR achievements in
chronic phase CML patients. According to Deynoux et al there is conflicting data on the role of HIFs in leukemias.'?
Indeed, it is still not determined whether HIFs are oncogenes or tumor suppressors.

It is possible that HIF-20 may have no role in MMR at all in chronic phase CML but in blast phase CML instead. As
proliferation of CML cells in chronic phase is relatively lower than in blast phase CML, which resembles AML, HIF-2a
expression may not be different between groups that achieved and not achieved MMR. As described above, HIF-2a
expression increase was associated with proliferation in AML." It is also possible that IM treatment in both groups
irrespective of MMR achievement may suppress HIF-2a expression and thus, causing no difference in HIF-2a levels. As
a result, further studies are needed to elucidate the role of HIF2-o in CML and cancer in general. We also recommend
further studies that assess HIF-2a expression in CML with blast phase and to compare HIF-2a expression between
chronic phase and blast phase of CML. However, this may be difficult as patients with blast phase CML is very rare.

Study Limitations
Limitations of this study include variable months of measurement for MMR above 12 months and variable duration of
HU treatment prior to IM.

Conclusion

This study found no statistically significant difference between HIF-2a expression and MMR in chronic phase CML
patients who received HU before IM therapy. Further large-scale studies should be conducted to explore the role HIF-2
alpha in CML and leukemia.
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