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Abstract

Background: Imatinib mesylate is a molecularly targeted tyrosine kinase inhibitor
drug. It is effectively used in the treatment of chronic myeloid leukemia (CML)
patients. However, development of resistance to imatinib mesylate as a result of
BCR-ABL dependent and BCR-ABL independent mechanisms has emerged as a
daunting problem in the management of CML patients. Between these mechanisms,
BCR-ABL independent mechanisms are still not robustly understood.

Aim: To investigate the correlation of HOXA4 and HOXA5 promoter DNA
hypermethylation with imatinib resistance among CML patients.

Methods and results: Samples from 175 Philadelphia positive CML patients
(83 good response and 92 BCR-ABL non-mutated imatinib resistant patients) were
subjected to Methylation Specific High Resolution Melt Analysis for methylation
levels quantification of the HOXA4 and HOXA5 promoter regions. Receiver operating
characteristic curve analysis was done to elucidate the optimal methylation cut-off
point followed by multiple logistic regression analysis. Log-Rank analysis was done
to measure the overall survival difference between CML groups. The optimal
methylation cut-off point was found to be at 62.5% for both HOXA4 and HOXAS5.
Chronic myeloid leukemia patients with >63% HOXA4 and HOXA5 methylation level
were shown to have 3.78 and 3.95 times the odds, respectively, to acquire resistance
to imatinib. However, overall survival of CML patients that have <62% and > 63%
methylation levels of HOXA4 and HOXA5 genes were found to be not significant
(P-value = 0.126 for HOXA4; P-value = 0.217 for HOXAb5).

Hypermethylation of the HOXA4 and HOXAS5 promoter is correlated

with imatinib resistance and with further investigation, it could be a potential

Conclusion:

epigenetic biomarker in supplement to the BCR-ABL gene mutation in predicting
imatinib treatment response among CML patients but could not be considered as a

prognostic marker.
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1 | INTRODUCTION

Chronic myeloid leukemia (CML) accounts for 14% of all leukemias
and 20% of all adult leukemias.! CML results from the aberrant
tyrosine kinase activity of the BCR-ABL oncoprotein, which is encoded
by the BCR-ABL oncogene, formed as a result of Philadelphia
chromosome translocation t(9;22)(q34;q11). Imatinib mesylate (IM),
the molecularly targeted drug, has shown remarkable efficacy against
BCR-ABL oncogene protein and has become the current first line
treatment for CML. Despite its remarkable efficacy, a significant
proportion of CML patients treated with IM have been noted to have
an unsatisfactory effect because of failure to respond, or to relapse
because of primary or acquired resistance.>> CML patients are judged
to be IM resistant when response is lost or is not seen with a daily
dose of >400 mg IM based on European LeukemiaNet.**> Develop-
ment of resistance to IM has emerged as a daunting problem in the
management of CML patients.

Several pathways have been proposed and studied worldwide to
understand the development of IM resistance in CML patients.
Causative mechanisms of resistance to IM have been classified under
two broad categories’: resistance involving BCR-ABL dependent
pathways and? resistance involving BCR-ABL independent pathways.
BCR-ABL BCR-ABL
mutations,”” were reported to be the most common cause of IM

dependent various

6,7

pathways, involving
resistance.® However, several reports including ours, indicate that
BCR-ABL mutations account for only 19% to 63% of resistance to IM
in CML patients.”*?> The cause of IM resistance among BCR-ABL
mutation-free CML patients can be postulated to be due to aberrant
BCR-ABL independent mechanisms involving other alternative
signaling or epigenetic pathways. This is because, apart from
BCR-ABL1 protein, several other proteins like transcription factors,
transporter protein, and many other proteins are also important in
regulating the high rate of proliferation and the suppression
of apoptosis.*>4

Abnormal epigenetic regulation of the expression of CML-
associated genes has been postulated'® to play a critical role in its
pathogenesis and in the mechanisms modulating therapeutic
responsiveness.?® Epigenetic silencing is a phenomenon whereby
gene transcription may be suppressed through DNA methylation
(a process that may regulate gene use) resulting in decreased
protein expression. The methylation of the promoter is an alternative
to coding region mutations in silencing tumor suppressor gene
function and is observed in a non-random tumor-type specific
manner. Aberrant hypermethylation has been observed in leukemia
including CML.'”  Few 18-20

hypermethylation might play a role in disease progression in CML as

studies have suggested that
hypermethylation of several genes were noted in progression of
CML. The observation that increased epigenetic silencing of potential
tumor suppressor genes correlates with disease progression in a small
proportion of patients treated with IM by Issa et al (2007) suggested a
relationship between epigenetic silencing and development of IM
resistance.?

The homeobox (HOX) genes are a family of homedomain
containing transcription factors present in four separate clusters
(HOXA, HOXB, HOXC, and HOXD) which are key regulators of

embryonic  development,?2  haematopoitic  differentiation, and
leukemogenesis.?>2¢ The HOX gene is a 183 BP DNA sequence and
codes a 61 amino acid domain known as homeodomain. It is typically
located at a terminal or sub-terminal position of the corresponding
homeoprotein and is responsible for recognizing and binding to the
sequence specific targeted DNA2°> The HOX gene networks are
believed to encode master regulators in haematopoiesis and are asso-
ciated with the development of haematologic malignancies, prognosis,
and treatment response.?’” Interestingly, DNA methylation was
reported to have an important role in aberrant control of HOX gene
expression during the development of leukemia. DNA hypermethyla-
tion of several HOX genes was believed to be associated with progres-
sion of CML into blast phase.?®2? We hypothesized that DNA
hypermethylation of several HOXA genes is correlated with resistance
to IM in CML patients. Thus, 2 HOXA genes, the HOXA4 gene
(OMIM#142953) and HOXA5 gene (OMIM#142952), that are located
at 7p14.2 to 7p15 were selected as candidate genes to be investigated
for their involvement in mediating IM resistance. In our previous
study,®® we only reported on the correlation between HOXA4 pro-
moter hypermethylation and resistance to IM in CML patients. Further
to that, the present study incorporates (1) data of HOXA4 with more
number of patients, (2) original data on methylation levels of HOXAS5,
(3) the correlation of HOXA4/HOXA5 promoter hypermethylation
(alone or combination) with IM resistance, and (4) the correlation of

overall survival with HOXA4/HOXA5 promoter hypermethylation.

2 | METHODOLOGY

The current study was done at Human Genome Centre, Universiti
Sains Malaysia. This study has been approved by the Ministry of
Health, Malaysia (NMRR-10-1206-7127) as well as Research and
Ethics Committee of Universiti Sains Malaysia. A total of 175 Philadel-
phia chromosome-positive CML patients were recruited. Those CML
patients were in chronic, accelerated, or blast phase that has been
treated for at least 12 months with IM as a frontline treatment. The
diagnosis of each patient was confirmed hematologically, cytogeneti-
cally as well as via molecular analysis.

The CML patient's response to IM treatment was assessed based
on the hematologic, cytogenetic, and molecular responses results
according to European 20103' In European
LeukemiaNet 2010, an IM resistant CML patient was defined as
showing lack of complete cytogenetic response (CCyR) by 12 months

LeukemiaNet

and/or major molecular response by 18 months after started the
treatment.3? Based on these assessment criteria, the CML patients
were categorized according to their response to IM (good response

and resistance).

21 |

Peripheral blood (3 mL) from CML patient was collected in EDTA tube.
Genomic DNA was extracted and was kept in —40°C before subjected

Sample collection and DNA extraction

to bisulfite treatment. Genomic DNA of patients and controls was
extracted and purified using the GENTRA PUREGENE Blood

Kit (Qiagen, Germany) according to the recommendation. DNA
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concentration was quantitated by using NanoQuant Infinite M200
(Tecan, Switzerland), and the quality of the DNA was confirmed using

agarose gel electrophoresis.

2.2 | Bisulfite treatment

Five hundred nanograms of the DNA was treated with bisulfite using
EZ DNA Methylation-Gold Kit (ZYMO Research, USA) following
manufacturer's recommendation. The concentration of the bisulfite
treated DNA was measured as described previously.>°

The 100% and 0% methylation DNA control used were universal
methylated DNA and unmethylated DNA (ZYMO research, USA). Both
DNA methylation control were treated with bisulfite, and a series of
methylation dilution were subsequently prepared according to the
ratio of 10%, 25%, 50%, and 75%. This set of serial DNA methylation

percentages was included in each experimental run.

2.3 | MS-HRM analysis

MS-HRM primers (Table 1) were designed using Methyl Primer
Express v1.0 Software (Applied Biosystem, USA) based on criteria
suggested by Wojdacz et al (2008) with some modifications.

MS-HRM analysis was done using CFX Real Time PCR Detection
System (Bio-Rad Laboratories, USA). MS-PCR amplification was
monitored using CFX Manager Software, and the HRM data was
analysed using Bio-Rad Precision Melt Analysis Software. Total volume
of PCR reaction used was 10 uL, comprising of 1X Precision Melt
Supermix (Bio-Rad Laboratories, USA), 200 nM of each primer, and
20 ng of bisulfite-treated DNA. Technical replication was performed
in triplicate. PCR condition used was as follows: (1) initial denaturation
at 95°C for 2 minutes and 50 cycles of (2) denaturation at 95°C for
10 seconds, (3) annealing at 50°C to 54.5°C (as shown in Table 1) for
30 seconds, and (4) extension at 72°C for 30 seconds. Heteroduplex
formation was done after PCR amplification at 95°C for 30 seconds
and subsequently at 60°C for a minute. HRM analysis was performed
immediately after heteroduplex formation by 0.2°C increments, and
the temperature was held for 10 seconds of each increment. The
increments were done from 65°C to 95°C. A no template control and
set of serial percentage control (0%, 10%, 25%, 50%, 75%, and 100%)
in triplicate were included in each experimental run.

MS-HRM results were then used to construct difference curve.
Normalized melt curve was then developed by choosing the 0% melt
curve as the reference relative fluorescent unit (RFU), using Bio-Rad
Precision Melt Analysis Software. The peak reading of difference-
RFU from the difference curve for all the 0%, 25%, 50%, 75%, and
100% methylation control levels was plotted, and a “best-fit” straight
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line through the data was drawn, and the linear regression analysis

was applied to the data using excel (Figure 1). Methylation level per-
centages of all IM treated CML patients were subsequently calculated

based on the linear regression equation of the difference-RFU peaks.

2.4 | Statistical analysis

Statistical Package for the Social Sciences (SPSS) Software version
20.0 was used for statistical analysis. ROC curve was generated from
the numerical data to determine the optimal cutoff point of HOXA4
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FIGURE 1 A, Normalized melt curve, B, difference curve of the
0%, 25%, 50%, 75%, and 100% methylation control, and C,
standard curve from difference curve peak of all methylation control
that was obtained from MS-HRM data, plotted, and the equation
generated was used for the samples methylation percentage
calculation of the samples

TABLE 1 Primer sequences used for MS-HRM of HOXA4 and HOXA5 promoter amplification

Gene Name Sequence

HOXA4 HOXA4 _fw 5" TTTTGAAGGATACGAAGTTTGA 3’
HOXA4 _rv 5" TCCTCTCGAAAACCCTCTAC 3’

HOXA5 HOXAS5_1fw 5" AGAGCGGTAGGGATATTGTTT 3’
HOXA5_1rv 5" ACTAACCGTCCTACCAACAACT 3’
HOXAS5_2fw 5" AGGTAGGATTTATGATTGGATAAT 3’
HOXAS5_2rv 5" ACATCTATAACACCCTTACACAAT 3’

Size of Amplicon Number of CpG Annealing Temperature
115 BP (-519 to -399) 9 CpG 50.0 °C
169 BP (-754 to -586) 7 CpG 51.2 °C
140 BP (-186 to -47) 6 CpG 54.5 °C
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and HOXAS5 methylation levels in discriminating the IM good response

and resistance CML patients. From the ROC curve, an optimal cutoff
point was identified by employing the “points on curve closest to
the (0, 1)” method.3? Later, the numerical data of HOXA4 and HOXA5
methylation levels were divided into 2 groups according to the cut-off
point calculated. Simple logistic regression was then used to identify
the risk of developing IM resistance by determining the crude odd
ratios (ORs) and 95% confidence interval (Cl). Multiple logistic regres-
sion analysis was used to evaluate the relationship between HOXA4 as
well as HOXA5 promoter methylation levels and IM response of CML
patients by calculating the ORs and 95% CI. The analysis was per-
formed by SPSS software (version 20) with all P-values as 2-sided. A
5-year survival analysis was performed by using Cox proportional
hazard model involving simple Cox regression deriving hazard ratio
for univariate analysis and Kaplan Meier curves were plotted. The sur-
vival distributions for univariate were compared using log-rank test. A
P-value of less than 0.05 was considered as statistically significant.

3 | RESULTS

3.1 | Demographic profile

In this study, 175 Philadelphia chromosome positive CML patients
comprising both IM good response (n = 83) as well as IM resistant
(n = 92) groups were recruited. Among the 83 IM good response
CML patients, 42 are male and 41 are female with mean age of 42
(SD = 14.33) while among 92 IM resistant CML patients, 43 are male
and 49 are female with mean age of 43 (SD = 14.54). Among the
BCR-ABL non-mutated IM resistant CML patients, 32 (34.8%) were
in warning group, 40 (43.5%) in primary resistance group, and 20

(21.7%) in secondary resistance group.

3.2 | Correlation between methylation level and IM
response

In the MS-HRM analysis, the well-separated and nearly equal
deviation between all percentages of the methylation control in
the normalized melt curve (Figure 1A) and the difference curve
(Figure 1B) showed an acceptable sensitivity of the analysis. In each
run, the difference curve peak of all methylation controls was

(A) (B)

obtained, plotted, and the coefficient of determination (r?) was found
to be higher than 0.9 (Figure 1C).

From the MS-HRM analysis of IM good response and resistant
CML patients, the methylation percentage of the HOXA4 (519 to
-399 from transcription start site [TSS] of HOXA4) was found to be
scattered from 10% to 100%. However, for HOXA5, all patients
regardless of their response to IM showed methylation level of more
than 75% when analysed using HOXA5_1 primers set (Table 1). This
indicated that promoter region at -754 to -586 of HOXA5 TSS is
highly methylated regardless of their response to IM. Thus, this region
was regarded as not appropriate to be an epigenetic marker for IM
resistance identification. Interestingly, HOXA5_2 primer set (Table 1)
used to amplify -186 to -47 from HOXA5 TSS showed the
methylations percentage were scattered from 0% to 100%.

In HOXA4, the mean methylation levels were found to be higher
in IM-resistant CML patients (mean = 64.52; SD = 19.51) compared
with IM good response CML patients (mean = 52.25; SD = 17.04).
Similarly in HOXAS5, the mean methylation levels were found to be
higher in IM resistant CML patients (mean = 71.42; SD = 20.98)
compared with IM good response CML patients (mean = 52.34;
SD = 27.28). Subsequently, from the ROC curve analysis, the
methylation levels of HOXA4 and HOXAS5 promoter between IM good
response and IM resistance CML patients were discriminated,
considering the optimal methylation level cutoff point as 62.5 for both
HOXA4 (0.644 sensitivity, 0.723 specificity) and HOXA5 (0.741
sensitivity, 0.402 specificity). Figure 2A,B shows the ROC curve for
HOXA4 and HOXAS5, respectively. Based on the methylation cutoff
point, 60.0% of the CML patients showed a parallel methylation level
in HOXA4 and HOXAS. A total of 45.8% of the IM good response
CML patients had methylation lower than 62.5% in both HOXA4
and HOXAS5, while 50.0% of the IM resistant CML patients had meth-
ylation higher than 62.5% in both HOXA4 and HOXAS5. Others
showed different methylation status between HOXA4 and HOXADS.

Based on the final model of multiple logistic regression, a CML
patient with >63% HOXA4 and HOXA5 methylation level had 3.78
and 3.95 times, respectively, the odds to acquire resistance to IM
when adjusted for each other (Table 2). For a better clinical point of
view, European LeukemiaNet 2013 classification was employed and
the risk association of HOXA4 and HOXA5 methylation levels with
the IM warning, primary resistant, and secondary resistant groups of

ROC Curve ROC Curve
1.0 Jfﬁr/_, 1.0 /J_,_,_/
0.8 J 4 //r/_
/ 0.8 /—
= 061 ¢ 208
] 2
: :
5 0.4 ® 0.4-
¥ FIGURE 2 ROC curve of A, HOXA4 with
0.2 ¥ 0.2 optimal cut-off point at 62.5% (0.644
sensitivity, 0.723 specificity, 95% Cl 0.624,
% " . ' : 004 ' : : 0.782) and B, HOXAS5 with optimal cut-off
00 LR 0.4 08 048 1.0 - 0.2 04 Sk 08 10 point at 62.5% (0.741 sensitivity, 0.598

1 - Specificity 1 - Specificity specificity, 95% Cl 0.63, 0.79)
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TABLE 2 Risk association of HOXA4 and HOXA5 methylation levels with the development of IM resistance in CML patients

Simple Logistic Regression

Multiple Logistic Regression®

Methylation Regression Crude OR
Genes Percentage coefficient (b) (95% Cl)
HOXA4 0-62% 0 1.00

63-100% 1.55 4.71 (2.46,9.03)
HOXA5 0-62% 0 1.00

63-100% 1.45 4.26(2.22,8.17)

*P value <0.05 is significant.
?Forward LR multiple logistic regression model was applied.

Multicollinearity and interaction term checked and not found.

Regression Adjusted OR

P value coefficient (b) (95% Cl) P value
0 1.00

<0.001* 1.15 3.78 (1.89,7.55) <0.001*
0 1.00

<0.001* 1.38 3.95 (2.00,7.82) <0.001*

Hosmer-Lemeshow test, (P-value = 0.940), classification table (overall correctly classified percentage = 68%) and area under the ROC curve (74.9%) were

applied to check the model fitness.

CML patients was evaluated. The mean promoter methylation level of
HOXA4 among the IM optimal response group was significantly
different from IM primary (P < 0.001) and secondary resistant
(P < 0.001) CML patients, but not from the IM warning response group
(P = 0.093). Interestingly, unlike in HOXA4, the mean promoter
methylation level of HOXA5 among the IM optimal response
CML patients was significantly different from all IM warning
group (P = 0.005), IM primary (P = 0.001), and secondary resistant

(P = 0.006) CML patients (Table 3).

3.3 | Correlation between methylation level and
overall survival

Overall survival of IM treated CML patients was also evaluated based
on their HOXA4 and HOXAS5 promoter hypermethylation levels.

Figure 3A,B shows the Kaplan Meier curves for HOXA4 and HOXA5,
respectively. However, from the Log-Rank analysis, there was no sig-
nificant difference in the overall survival between CML patients in
group that have <62% and >63% methylation levels (P-value = 0.126
for HOXA4; P-value = 0.217 for HOXAb5). Table 4 shows the Cox
regression analyses for the HOXA4 and HOXA5 methylation levels.

4 | DISCUSSION

It is well documented that hypermethylation of gene promoter
associated CpG islands leads to inactivation of gene expression. The
HOX genes are known to play crucial roles in the control of differenti-
ation of adult haematopoietic cells.2> According to Shah and Sukumar
(2010), normal HOX gene expression disruption in cancer affects

various pathways that promote tumorigenesis, and metastasis,

TABLE 3 Risk association of the HOXA4 and HOXA5 methylation groups, divided based on the 62.5% cutoff point towards the 4 response

groups to IM treatment

M HOXA4 HOXAS5
response Regression Crude odds ratio Regression Crude odds ratio
Groups coefficient (B) (95% Cl) P-value coefficient (B) (95% Cl) P-value
Optimal 0 1.00 - 0 1.00 -
Warning 0.75 2.12 (0.88,5.09) 0.093 1.33 3.78 (1.50,9.54) 0.005*
Primary 1.95 7.04 (2.95,16.82) <0.001* 1.50 4.48 (1.88,10.69) 0.001*
Secondary 212 8.35 (2.74,25.41) <0.001* 1.53 4.61 (1.54,13.79) 0.006*
*P < 0.05, significant at 95% CI.
A B
( ) Survival Functions ( ) Survival Functions
101 H—-empgn 02 % (=) 1] ek  0-62%(n=68l |
W o TH i i "
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Log Rank Test, p-value =0.05.

FIGURE 3 Kaplan Meier curves of A, HOXA4 and B, HOXA5

months
Log Rank Test, p-value =0.05
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TABLE 4 Cox regression analyses showing the value of HOXA4 and HOXA5 methylation level in predicting the risk of mortality in IM treated

CML patients

Variables Regression Coefficient (b)
HOXA4 0%-62% 0

63%-100% 1.53
HOXA5 0%-62% 0

63%-100% 1.27

*P value <0.05 was significant.

including the activation of anti-apoptotic pathways, suppression of

3334 and necroptosis.®>> From what is known so far,

differentiation,
homeobox proteins interact with numerous regulatory pathways,
including fibroblast growth factor, bone morphogenic protein, retinoic
acid, sex steroid signaling, and also proteins involved in cell matrix
interaction, such as integrins and intracellular adhesion molecule.®®
From all clusters of HOX genes, aberrant methylation was reported
to be most frequently occurring in the promoter regions of six HOXA
cluster genes, with some of them showing leukemia type-specific
hypermethylation in all leukemia cell lines.3” Among the HOXA cluster
genes, HOXA4 and HOXA5 genes are transcription factors that are
known to regulate haematopoiesis®® and are associated with acute
myeloid leukemia development.®? HOXA4 was proven to produce
mature myeloid and lymphoid progeny in hematopoietic stem cells
and was shown to be important in the regulatory mechanisms of
controlling hematopoiesis within its natural context.*® HOXAS5, on
the other hand, works by regulating normal proliferation and apopto-
sis, and hypermethylation of HOXA5 is also known to regulate myeloid
differentiation?? and necroptosis.>® Studies focusing on the potential
oncogenic and tumour suppressive role of HOX gene family members
in leukemia development have shown that inactivation of HOXA4 is
associated with poor prognosis. In both adult myeloid and lymphoid
leukemias, HOXA4 and HOXA5 were found to be frequently
inactivated by promoter hypermethylation.

Increased level of DNA methylation was observed in HOXA4 gene
and was reported to be associated with transcriptional repression in
chronic lymphocytic leukemia®* and acute myeloid leukemia.?? In
CML, inactivation of HOXA4 and HOXA5 genes by hypermethylation
is strongly correlated with progression into blast crisis.?? Thus, the
changes in level of HOXA4 and HOXAS5 protein production will
perturb the normal regulation of haematopoiesis and subsequently
promote leukemogenesis.?’ Even though HOXA4 and HOXA5 were
reported to be associated with the poor prognosis in CML patients,
their involvement in mediating IM resistance among IM-treated CML
patients has not been explored earlier. To assess the possible epige-
netic component of IM resistance, we compared the methylation
levels of HOXA4 and HOXAS5 in Malaysian CML patients responsive
and resistant to IM.#%?

The present finding involving 175 CML patients also suggested
that the methylation level of HOXA4 has a strong correlation with
IM resistance among CML patients, which is in agreement with our
earlier report on 95 CML patients.%° Additionally, in the present study,
the involvement of HOXA5 methylation level towards IM resistance
was also evaluated. Interestingly, instead of 50% cutoff point, a new
optimal methylation level cutoff point of 62.5% was considered for
both HOXA4 and HOXA5. This new cutoff point was determined via

Crude Hazards Ratio (95% Cl) Wald Statistic P-Value
1 - -

4.60 (0.54, 39.38) 1.94 0.164

1 - -

3.55 (0.42, 30.39) 1.34 0.248

ROC curve which is more reliable than the methylation cutoff point
used in our previous study. Based on the 62.5% methylation cutoff
point, the response towards IM treatment among CML patients was
more significantly differentiated (P < 0.001) for both HOXA4
and HOXAS5 promoter methylation levels. Interestingly, from the
association study, HOXA4 promoter methylation level was able to
differentiate IM primary and secondary resistant CML patients from
the IM optimal response but not from the IM warning response.
However, apart from IM primary and secondary resistant CML
patients, HOXA5 promoter methylation level was able to differentiate
IM warning group also, from the IM optimal response group of CML
patients. This present study demonstrated that DNA hypermethyla-
tion of HOXA4 and HOXAS5 promoters could be a biomarker for
predicting resistance towards IM treatment in CML patients. To the
best of available knowledge, there are no other studies till date that
had reported the contribution of HOXA4 and HOXA5 in mediating
IM resistance in CML patients.

Several studies have proven that hypermethylation of HOXA4 is
able to promote inactivation of its gene expression.®?***? HOXA4
and HOXAS5 proteins are known as DNA-binding transcription factors
which may regulate gene expression, morphogenesis, and differentia-
tion. Thus, it is reasonable to suggest that the suppression of HOXA4
and HOXAS5 protein production by hypermethylation-induced gene
silencing might be promoting resistance to IM. Hypermethylation of
HOXA4 was reported to be involved with the development of
leukemia in several studies.® In 2009, Zangenberg et al reported that
77% of their acute myeloid leukemia (AML) patients exhibited
hypermethylation of HOXA4 promoter region.*?

It is known that p53 gene plays an important role in regulating
apoptosis. This programmed cell death associated gene was reported
to be transcriptionally regulated by the HOXA5.*> HOXAS5 has been
shown to function as a transactivator of the P53 gene*® and to induce
apoptosis by P53 dependent and P53 independent mechanisms.**
DNA methylation of the CpG island located in the 5’ end of the
HOXA5 gene has been identified in breast** and lung cancer®® and
has been associated with loss of HOXA5 expression.*® As in breast
cancer, where overexpression of HOXAS5 has been found to induce
apoptosis by upregulating the expression of p53,** HOXA5 may also
behave as a tumor suppressor gene in CML. Likewise hypermethyla-
tion of HOXAS5 results in downregulation of its expression. Thus,
downregulation of HOXA5 might be consequently reducing p53
protein and blocking the guardian effects of p53 on the genome which
may lead to uncontrolled cell growth and disease progression.

Furthermore, Chen et al (2005) had demonstrated that HOXA5
may trigger the receptor-mediated apoptotic pathways via the activa-

tion of NF-kB signaling pathway. During leukemogenesis, NF-«kB
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signaling is blocked by the activation of PI3K-Akt signaling pathway, a
downstream pathway of BCR-ABL, subsequently leading to reduced
apoptosis. Therefore, it is reasonable to suggest that even though IM
blocks BCR-ABL tyrosine kinase activity, the disease continues to
progress via the inactivation of NF-kB by the down regulation of
HOXAS5. Thus, apart from BCR-ABL gene, the failure in the regulation
of normal HOXA5 expression, most probably due to hypermethylation,
will also lead to the uncontrolled leukemic cell accumulation in
leukemogenesis of CML. 44

From the present study, it is reasonable to speculate that DNA
hypermethylation induced gene silencing can provide an alternative
to BCR-ABL mutations in mediating resistance to IM in CML patients.
Thus, further studies are needed for hypermethylation status of
HOXA4 and HOXA5 to be applied as an additional marker of resistance
to IM in supplement to BCR-ABL mutation analysis. This is because, no
known mechanism of IM activity towards HOXA4 and HOXAS5
hypermethylation has been reported so far. Hence, mechanistic
studies are still needed to prove how hypermethylation of HOXA4
and HOXA5 causes poor response to IM. Furthermore, the cause of
hypermethylation particularly in both HOXA4 and HOXAS5 s still not
fully revealed. Arising-mutation of DMNT3a could be eliminated as
one of the causes of DNA hypermethylation as DMNT3a has been
associated with lower level of DNA methylation in many genes,
including HOXA4 and HOXA5.¢ Another gene associated with
epigenetic regulation is TET2. This TET2 gene is commonly mutated
in CML patients; thus, it is related to the pathogenesis of CML as well
as resistance towards TKI treatment.*” However, no studies have
shown the association of TET2 mutation and HOXA4 and HOXA5
methylation level.

The association of HOXA4 and HOXA5 gene expression levels
with overall survival of these CML patients was also investigated in
the present study. From the overall survival analysis, no significant
difference in the overall survival between patients with <62% and
>63% of HOXA4 and HOXAS5 methylation levels was observed. Thus,
the levels of HOXA4 and HOXA5 promoter methylation could be
considered as epigenetic markers for predicting the response to IM
but could not be considered as a prognostic marker as the methylation
level was not significantly associated with the poor prognosis among
imatinib-treated CML patients. There might be differences between
particular genes being hypermethylated and their prognostic impact.
We can hypothesize that hypermethylation of genes involved in
specific cellular pathways may make these cells more prone and
sensitive to chemotherapy treatment.

However, recent studies on myeloproliferative neoplasm have
revealed that 5-mC is converted to an intermediate state of 5-hmC
before further demethylated into C.*®4° Unfortunately, MS-HRM
which was used in this study utilized the principle of bisulfite analysis
that recognizes both 5-mC and 5-hmC as C. Thus, the level of expres-
sion could be affected in all methylation-positive samples as those
samples also may contain 5-hmC. Oxidative MS-HRM together with
MS-HRM will help to distinguish 5-mC and 5-hmC for more accurate
determination of methylation level that may reflect the expression
level of HOXA4 and HOXAS.

In conclusion, the present study result suggests that promoter
hypermethylation of HOXA4 and HOXA5 genes is correlated with IM
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resistance and could be a potential epigenetic biomarker in supple-

ment to the BCR-ABL gene mutation in predicting IM treatment
response among CML patients.
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