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Abstract

The key cell population permits cancer cells to avoid immune-surveillance is regulatory T cells (Tregs). This study evaluates
the level of Tregs in chronic myeloid leukemia (CML) patients and the effect of Tyrosine kinase inhibitor (TKI) on Treg
levels, as a pathway to understand the immune response and behavior among advance stage and optimal response CML
patients using imatinib therapy. Blood samples were collected from 30 CML patients (optimal response to TKI), 30 CML
patients (failure response to TKI), and 30 age- and gender-matched controls. Analysis involved measuring percentages of
Tregs (CD4 + CD25 + FOXP3 +) by flow cytometer and demethylation levels of FOXP3 Treg-specific demethylated region
(TSDR) by PCR. The data revealed that Tregs and the FOXP3-TSDR demethylation percentages significantly increased in
failure response group in comparison to the optimal response and control groups, while no significant difference between
optimal response and control groups. Tregs and FOXP3 TSDR demethylation percentages showed high sensitivity and
specificity, suggesting powerful discriminatory biomarkers between failure and optimal groups. An assessment of the Tregs
and demethylation percentage among different BCR-ABL levels of CML patients on TKI revealed no significant differences
in parameter percentage in the optimal response to TKI patients with different molecular responses (log 3 reduction or other
deeper log 4.5 and 5 reduction levels). Our findings demonstrate an effective role of functional Tregs among different CML
stages. Also, the study suggests that the major molecular response to therapy at level 0.1% of BCR-ABL transcript could be
enough to induce immune system restoration in patients.
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Introduction

Chronic myeloid leukemia (CML) is a clonal malignant
myeloproliferative disease distinguished by the chromo-
some 9 and 22 long arms rearrangement that creates aberrant
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chromosome termed “Philadelphia (Ph) chromosome” and
results in the formation of fusion oncogene known as BCR-
ABL1 (Jabbour and Kantarjian 2016). The introduction
of tyrosine kinase inhibitor (TKI) therapies has revolu-
tionized treatment options of CML (Kennedy and Hobbs
2018). Tyrosine kinase drugs inhibit the tyrosine kinase pro-
duced by the BCR-ABL oncogene that promotes molecular
response (MR) and cytogenetic recovery with substantial
survival improvement for most of the patients (Saubele et al.
2016). However, despite the impressive efficacy against pro-
liferating CML cells by the TKI, it remains for the most part
incurable with exception to allogeneic hematopoietic stem
cell transplantation (HSCT), as TKIs are unable to eradicate
the tiny fraction of quiescent stem cells that are responsible
for disease persistence and recurrence upon TKI discontinu-
ation (Hochhaus et al. 2017, 2020).
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Immune response plays a significant role in preventing
CML progression or recurrence that has derived from the
residual leukemic cell (Ilander and Mustjoki 2017).

The FoxP3-expressing regulatory T cells (Tregs), which
are the immune suppressive cells inhibit immune-mediated
response against leukemic cells, thereby contributing to dis-
ease progression in CML patients (Hughes and Yong 2017).
Evidence showed a clear variation in the Treg levels across
different stages of CML disease (Zahran et al. 2014). TKI
therapy is found to have a direct impact on the level of Treg
cells (Hsieh et al. 2021). At diagnosis, an increased percent-
age of Treg cells is noticed (Hughes et al. 2017) while lower
numbers of these cells are found in patients achieving deep
molecular response (DMR) to TKI therapy (Tanaka et al.
2020). Overall, the high levels of Treg are associated with
poor outcome and low survival rate (Cheng et al. 2017),
indicating their prominent role in the course of the disease.

As the FoxP3 is a major regulator for the development
and function of Tregs (Fontenot et al. 2003; Hori et al.
2003), this study has analyzed the percentage of Tregs using
flowcytometry and has measured the demethylation levels of
FoxP3 in order to evaluate this cell in CML patients.

This study aimed to investigate the contribution of Treg
and TKI efficacy by examining the level of these cells in
CML patients with different molecular responses to TKI
therapy. We hypothesize that high levels of Tregs cells might
contribute to the failure of the TKI therapy and disease pro-
gression. This information could be harnessed to discover
new therapies that boost anti leukemic immunity against
TKI-insensitive leukemia stem cells.

Materials and methods
Study design

This is a multi-center analytical observational case—control
study conducted between Feb. 2019 till Mar. 2020. Sixty
cases of CML on imatinib myesylate therapy for at least
12 months were recruited from Baghdad Teaching Hospital/
Medical City and the National Center of Hematology.

The molecular response assessment of imatinib myselate
therapy for the studied groups followed the European Leu-
kemia Net (ELN) 2013 criteria (Baccarani et al. 2013) and
was confirmed by real-time quantitative polymerase chain
reaction (RQ-PCR) results for BCR-ABL1 transcripts that
have taken within 3 months duration from the sampling time.

Molecular response to TKI assessed according to the
International Scale (IS) as the ratio of BCR-ABLI1 tran-
scripts to ABLI1 transcripts. Ethics approval is sought from
the scientific ethical committee of the College of Medicine,
Baghdad University and informed consent is obtained from
each participant prior to the enrollment in this study.
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Study subjects

Sixty CML patients were enrolled in this study; thirty
of them were with a complete molecular response (p210
BCR-ABL transcript levels <0.1% IS) and are classified
as an optimal response group to imatinib therapy. Another
30 cases lost their molecular response with or without
the hematological response (p210 BCR-ABL transcript
levels > 0.1% IS) and were classified as failure response
group. The recent molecular data were taken from the
patients’ records within the maximum duration results of
3 months from sampling time. Thirty apparently healthy
volunteers, age-and gender-matched subjects, were con-
sidered as a control group in the current study. At the time
of sampling, blood count indices were obtained and calcu-
lated for each subject by automated blood count analyzer.

Immune flow cytometry staining of regulatory T
cells

To recognize the immune phenotype of regulatory T cells,
a staining protocol was performed to all collected periph-
eral blood (PB) samples in EDTA according to Biolegend
manufactures instructions and the method described previ-
ously (Zahran and Elsayh 2012; Zahran et al. 2014).
Flurochrome conjugated anti-human antibodies include
CD45 conjugated to fluorescein isothiocyanate (FITC),
CD4 conjugate to allophycocyanin /CY7 (APC/CY7),
CD25 conjugate to allophycocyanin (APC), and FoxP3
conjugated to phycoerythrin (PE) purchased from (Biole-
gend, USA) are used. The extracellular staining is done by
incubating 100 pl of anti-coagulated blood with a 3 pl of
each fluorescence conjugated antibody. Another tube had
only 100 pl of whole blood used as an unstained control
with each run. After 15 min of dark incubation at room
temperature, the erythrocyte lysis solution is added for
10 min at room temperature; then after centrifugation, the
supernatant is discarded and the cells pellet are washed
with cell wash solution (PBS). Thereafter; the cells are
fixed and permeabilized by using True-Nuclear Transcrip-
tion Factor buffer set (Biolegend, USA). To allow subse-
quent intracellular FoxP3 staining, a 3 pl of FoxP3 anti-
body is added and the tube is incubated in the dark at room
temperature for 1 hr. After centrifugation, the supernatant
is discarded and the cells pellet are washed with cell wash
solution (PBS) and resuspend with 0.5 ml of 1 x cell fix
buffer. Thereafter, tubes are acquired on flow cytometry
FACS Canto II (BD BIOSCENCES) and analyzed with
DIVA software version 2016 using an immunological gate
(SSC/CD45) to select lymphocyte, along with CD4 marker
used to differentiate CD4 + Tlymphocyte in all studied
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Fig. 1 Flow cytometry analysis of regulatory T cells. a side scat-
ter (SSC) vs. CD45 dot plot to identify lymphocyte, monocyte,
and granulocyte populations b followed by gating on side scatter
(SSC) vs. CD4 dot plot to identify CD4 +cells ¢ CD25 vs. FOXP3
dot plot to identify Tregs (CD4+CD25+FOXP3+) populations
among the CD4+T lymphocyte for control group sample. d CD25

groups as shown in (Fig. 1a, b). Treg cells are determined
by the proportion of CD4*CD25"FOXP3* in all CD4 + T
cells for each group, as shown in (Fig. 1c—e).

At least 100,000 events are analyzed for each sample.
Data from the flow cytometer hierarch tables are used to cal-
culate the cell populations of interest in all studied groups,
and the value is obtained as a percentage.

Quantitative methylation-specific polymerase chain
reaction (qMSP)

In this study, qMSP is used to analyze the methylation status
of CpG dinucleotides in the TSDR of the FOXP3 gene of a
Treg cell. Genomic DNA is isolated from whole blood sam-
ple by using protocol ReliaPrep™ Blood gDNA Miniprep
System protocol (Promega, USA). The concentrations of
extracted DNA are detected by using QuantiFluor® dsDNA
system (Promega, USA), the range of the extracted DNA
quantity was (22—40 ng/pl). DNA conversion by the bisulfite
method is carried out by the MethylEdge™ Bisulfite Con-
version System (Promega, USA) from the extracted DNA

vs. FOXP3 dot plot to identify Tregs (CD4+CD25+FOXP3+)
populations among the CD4+T lymphocyte for an optimal response
to TKI sample. e CD25 vs. FOXP3 dot plot to identify Tregs
(CD4+CD25+FOXP3 +) populations among the CD4+T lympho-
cyte for a failure response to the TKI sample

and achieved by using thermocycler which is programed as
follows: 98 °C for 8 min, 54 °C for 60 min, and 4 °C hold.
The primer selection and the cycling conditions of qMSP are
done according to (Zafari et al. 2018). The primers selected
for FOXP3-TSDR (methylated and unmethylated) were sup-
plied by Macrogen Company (Korea) shown in (Supplemen-
tary file: Table 1). A 177 base-pair segment was the targeted
DNA for PCR amplification, which was included in CpG
island in the first intron of the FOXP3 gene. In the target
DNA, the number of CpG sites was ten. The PCR reaction
mixture was done in a total 10 pl volume and applied to MIC
gqPCR cycler machine. The cycling conditions of qMSP for
analysis TSDR shown in (Supplementry file: Table 2).
This study used a positive control the CpG meth-
ylated human blood genomic DNA (Thermo Scien-
tific, Lithuania) for methylated primers, and the used
negative control was an unconverted DNA for both
the methylated and the unmethylated primers. Also,
water without a DNA template was included in each
PCR reaction as a control for any contamination. The
FOXP3-TSDR unmethylation level was calculated using
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an equation which previously defined by (Cottrell et al.
2007; Yadav et al. 2012; Zhuo et al. 2014; Zafari et al.
2018; Klumper et al. 2020): “100/[1 + 2~(Ct TG—Ct
CG)] x 100%,” in which the cycle threshold achieved
with TG (unmethylated) primers was represented by
the CtTG and the cycle threshold achieved with CG
(Methylated) primers was represented by the CTCG.
For females because one of the two TSDR alleles is
methylated as a result of X inactivation, the level of
unmethylation was corrected by a factor of 2.

Statistical analysis

Anderson—Darling test is done to asses if continuous vari-
ables follow normal distribution (Stephens 1974). One-
way ANOVA and Kruskal-Wallis tests are used for the
comparison between different groups (control, optimal,
and failure). Regression analysis was performed to assess
the relationship between different variables. Receiver
operating characteristic (ROC) curve was used to see the
validity of different parameters in separating active cases
from control (negative cases) and area under the curve,
i.e., AUC and its P value prescribe this validity, the P
value is considered significant at P> 0.05. SPSS 22.0.0
(Chicago, IL), MedCalc Statistical Software version
14.8.1 (MedCalc Software bvba, Ostend, Belgium; 2014),
GraphPad Prism version 8.0.0 for Windows, GraphPad
Software, San Diego, California USA, software package
used to make the statistical analysis.

Results

The study group consisted of 60 CML patients on at least
twelve-month imatinib mesylate therapy. Thirty of the
patients have an optimal response (major molecular response
MMoR) with a mean disease duration of 73.7 +37.6 months,
the remaining 30 CML patients have failure molecular and/
or hematological response with mean disease duration of
69.4 +46.4 months, data revealed no significant statistical

differences regarding the mean duration of imatinib therapy
between groups (P =0.693). Thirty matched age and gender
healthy volunteers were considered as a control group. The
male: female ratio among the optimal response was (1.72: 1),
the failure response was (0.76: 1) and the control group
was (1.14: 1) with (P=0.3). Age for patients group ranged
18-75 years with mean 46.8 + 13.7 years, while the control
group ranged (27-68) years with mean 46.33 + 8.84 years
with P=0.1.

Assessment the degree of TKI response in all CML
patients is done according to the results of quantitative
PCR for p210 BCR-ABL transcript levels and periph-
eral blood indices for each patient. All optimal response
patients had demonstrated a major molecular response
(BCR-ABL £0.1%), 46.7% of them had BCR-ABL levels
ranged between 0.01 and 0.1%. Out of 93.3% of failure
response patients group, 50% had both failure hematologi-
cal response (FHR) and failure molecular response (FMR),
another 43.3% had only FMR, and 6.7% had FHR and
BCR-ABL levels were > 0.1-1% as shown in Fig. 2.

Data revealed no significant difference in CD4+T cells
percentage with P=0.511 as shown in Table 1. There is
a highly significant increase in Treg cells (P <0.001) with
(median) 22.5% for failure group ranged (7.1-39.6) in com-
parison to the control group 1.4% ranged 0.4-3.1 and opti-
mal group 1.0% ranged 0.6—1.9, while there is no significant
difference between optimal and control groups (P =0.999)
as shown in (Table 1, Fig. 3).

Regarding FOXP3-TSDR demethylation level, data
showed a highly significant increase in mean + SD dem-
ethylated percentage for the failure group (2.65 +1.42%)
compared to the control group (1.00 +0.73%) and optimal
group (0.93 £0.64%) with P <0.001 for both, while there
is no significant difference between optimal and control
groups (P=0.954) as shown in Table 1 and Fig. 4.

The ROC analysis for Tregs and FOXP3-TSDR dem-
ethylation levels revealed an excellent prediction of AUC
values at 0.920 and 0.904, respectively (P <0.001), among
CML patients with failure response when compared to
optimal responders which indicate as perfect markers to
discriminate failure from optimal response as shown in
(Table 2). Accordingly, Tregs showed 90% sensitivity

Table 1 Assessment of Treg

. Percentage (%) Control (30) Optimal response  Failure response P value
cells percentage among different to TKI (30) to TKI (30)
CML patients and control group
according to different markers ‘CD4+ 37.70£7.96  38.39+8.55 35.86+£9.55 0511
(Tregs)
°CD4*CD25*FOXP3* 1.4 (0.4-3.1) 1.0 (0.6-1.9) 22.5(7.1-39.6) <0.001
in CD4+T cells (range)
“FOXP3-TSDR demethylation level 1.00+0.73 0.93+0.64 2.65+1.42 <0.001

4One way ANOVA test
YKruskal-Wallis test
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Fig.2 Distribution of optimal and failure response CML patients
according to BCR-ABL transcript levels assessed by RQ-PCR

and specificity at cutoff value more than 3.3%, while the
FOXP3 TSDR demethylation levels showed 83.3% sensi-
tivity and specificity at cutoff value > 1.4% to differentiat-
ing failure response CML patients from optimal respond-
ing patients as shown in (Table 2), while data analysis
showed that all the studied parameters failed to discrimi-
nate between optimal response CML patients and a healthy
control group (Supplementry file: Table 3).

The regression analysis showed a direct significant relation-
ship between Treg cells and FOXP3-TSDR demethylation in
control group (r=0.638, P <0.001) and failure response CML
patients (r=0.634, P <0.001), while in optimal response, it
showed a non-significant relationship (r=0.036, P=0.852),
as shown in Table 3 and Figs. 5 and 6.
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Fig.4 Assessment of FOXP3-TSDR demethylation percentage levels
among different CML patients and control group

Tregs percentages are studied for CML patients according
to different BCR-ABL transcript levels. Depending on RQ-
PCR results that are expressed as BCR-ABL % in a log scale,
the optimal and failure responder CML patients are divided
into three groups: the first group with>0.1% IS BCR-ABL
levels, whereas for the second group BCR-ABL levels ranged
from 0.1 to 0.0032% IS (log 3, 4, and 4.5 reduction level), and
the third group was considered if BCR-ABL levels were less
than 0.0032% IS (log 5 reduction level), as shown in Table 4.

In different molecular response groups, data revealed a
significant difference between BCR-ABL level >0.1% IS and
BCR-ABL level <0.1% IS, whereas data showed no significant
differences in studied parameters among the optimal respond-
ers patients with different molecular responses (log 3 reduction
or other deeper log 4.5 and 5 reduction levels), as shown in
Table 5.

Discussion

Despite the valuable efficacy of imatinib in the long sur-
vival duration of CML patients (Hochhaus et al. 2017).
TKI-resistant leukemia stem cells remain in the bone mar-
row of CML patients which may lead to disease progression
(Hinterbrandner et al. 2021). Trying to elucidate the immune
response status in CML patients among different stages and
molecular responses to therapy, this study measured and
assessed the frequency of Treg cells for these patients.

The mean age of the CML patients was 46.8+13.7 years.
This is comparable to ELN 2020 review as a younger age distri-
bution among Asian population was < 50 years old (Hochhaus
et al. 2020), and it is almost similar to other Iraqi studies that
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Table 2 The ROC analysis for studied parameters to predict the optimal CML response from the failure response

Variables/percentage (%) AUC Explanation 95%CI of AUC P value Cut-oft % SN% SP%
CD4+ 0.576 Poor 0.441-0.702 0.315 - - -
Tregs (CD4+CD25+FOXP3 +) 0.920 Excellent 0.820-0.974 <0.001 >33 90 90
FOXP3 TSDR demethylation level 0.904 Excellent 0.801-0.965 <0.001 >14 83.3 83.3

AUC area under ROC curve, CI confidence interval, SN sensitivity, SP specificity
Excellent test at AUC >0.9, good test at AUC (0.8-0.89), fair test at AUC (0.7-0.79), otherwise unacceptable

showed 44 and 45 years old for Baghdad City and the Kurdistan
region of Iraq (Matti et al. 2013; Ali et al. 2014). According
to the male: female ratio, this study revealed that woman had
a higher failure rate to therapy than men (56.7% vs. 43.3%);
this may be relate to the different gender compliance and the
socioeconomic status for the patients during unavailability of
the imatinib, while other recent studies have reported that the
female gender is more favorable to better molecular response
than the male (Branford et al. 2013; Nachi et al. 2019).
Assessment the Treg cells by the flow cytomet-
ric analysis, this study showed a significant higher
median level differences (P <0.001) in the levels of
CD4 + CD25 + FOXP3 + Treg cells among CML patients
with failure response when compared to the optimal
response CML patients. This result was similar to the
findings of Cheng et al. (2017) who revealed a significant
increase in Tregs in advance stage of CML patients when
compared to treated CML patients and control groups and
a lower survival rate in groups with higher Tregs expres-
sion. Zahran et al. (2014) study also revealed the more
frequent deep molecular response rate to TKI among
CML patients that were with lower Tregs percentage lev-
els. Regarding the relation of Treg cells with BCR-ABL
levels in CML, Rojas et al. (2010) found that patients with
complete cytogenetic response (CCyR) had lower level
of Treg cells when compared to those patients who failed
to achieve CCyR. Also, (Hughes et al. 2017) confirmed a
higher Treg cells percentage among newly diagnosis CML
and pre MMR compared to those with MMR, MR4.5,
and treatment-free remission. There is a discrepancy in

Table 3 Relationships between Tregs percentage with FOXP3 dem-
ethylation level in all studied groups

Variable/percentage (%)  Treg cells
Control Optimal Failure
response to  response to
TKI TKI
FOXP3 demethylation r 0638 0.036 0.634
level P <0001 0.852 <0.001

Linear regression. r, regression coefficient

Statistical significance at P <0.05

@ Springer

Tregs prognostic relevance in cancer patients; Shang et al.
(2015) showed survival benefits of tumor Tregs infiltra-
tion among colorectal, head and neck, and esophageal
cancer patients. This study demonstrated that there was
an increase of Tregs among CML patients with TKI failure
response group.

It has been observed the FOXP3-TSDR demethylation
levels elevated in different tumors, and up to our knowledge,
there is no previous study to measure the FOXP3 methyla-
tion in different treatment responses of CML patients in
which could be an early indicator in unresponsiveness to
treatment and a way of discriminating the role of Tregs in
disease progression.

The FOXP3-TSDR demethylation mean level was sig-
nificantly higher among failure response group when com-
pared to optimal response and control groups. Failure CML
patients showed higher Tregs levels which might affect
anti-tumor immune response; this is supported by a higher
level of FOXP3-TSDR demethylation, while the optimal

Foxp3 demethylation levels
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Fig.5 Relationship between FOXP3 demethylation level with Tregs
percentage in the control group
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Fig.6 Relationship between FOXP3 demethylation level with Tregs
percentage in CML patients with failure response

responder CML patients showed much lower mean level
than the patients with failure response to therapy, with non-
significant difference with the control group.

A study tested the methylation status of FOXP3-TSDR in
peripheral blood of healthy controls and different solid tumors
like (colorectal, lung, prostate, and breast cancers) patients;
they found that patients with lung cancer had significantly
higher demethylation level (2.3%) versus healthy control
(1.4%); in colorectal cancer, there was a slight increase dem-
ethylation level (1.6%) compared to healthy controls, while
prostate and breast cancer had elevated demethylation level
(2.4%) compared to same sex healthy controls, 1.4% in male
and 1.7% in female (Wieczorek et al. 2009). These results are
almost comparable to our study which indicates a similar dem-
ethylated TSDR level with FOXP3 in peripheral blood among
advance CML patients. Failure responder CML patients in
current study observation showed a characteristic increase
in Tregs and demethylation level of FOXP3-TSDR, which
may reflect the suppression degree of immune effector cells
response to the increased leukemic clone cells, and this may be
through contribution of Tregs to inhibit the immune response
to the disease activity (Hinterbrandner et al. 2021). Conversely,

the optimal response CML patients with MMOoR status showed
lower Tregs and demethylation level of FOXP3 TSDR, indicat-
ing the efficacy of treatment that directly or indirectly reduced
the Tregs counts and reconstitute the immune function (Tanaka
et al. 2020).

Here, one of the mechanisms of immune system impair-
ment to control the proliferation of mutated leukemic cloned
cells is the ability of these cells to escape the immune sur-
veillance process by involving with a large number of immu-
nosuppressive mechanisms to alleviate anti-tumor immune
responses, causing progressive growing to the leukemic
cells (Tarafdar et al. 2017). The over-expression of Tregs
and FOXP3 TSDR demethylation level through increasing
numbers of the leukemic cells, increase in the inhibitory sur-
face markers on leukemic cells, and the increase in immune
suppressive cytokines like IL-10, TGF-p, and IL-35(Koyama
and Nishikawa 2021) thereby may enhancement the sup-
presser function of Treg as an escape mechanism for pro-
liferation of leukemic cells, which lead to loss functions of
tumor reactive T cells and other immune cells to control the
disease (Koyama and Nishikawa 2021).

In this study, an excellent prediction of AUC value results
was seen in both Tregs level and FOXP3-TSDR demethyla-
tion level, the higher sensitivity and specificity (90%) are
determined in measurement of Tregs level by flowcytometry
at cutoff value > 3.3% which revealed this way of measure-
ment is considered better than of FOXP3-TSDR demethyla-
tion assessment with an excellent accuracy to discriminate
between the optimal from failure response CML patients
with (P <0.001), whereas both Tregs and the FOXP3-TSDR
demethylation were equal in their expressions levels and
could not be able to discriminate among both the healthy
peoples and the optimal response, making the treatment
response in CML patients a crucial in remodulating the
immune system response to near normal as the healthy con-
trol group. Up to our knowledge, no previous cut-off value
established for Tregs percentage in different response types
of CML to TKI, in this study the level of Tregs in CD4+T
cells higher than 3.3 making it a good marker to distinguish
the failure response CML patients.

Among the failure responding CML patients,
there was a significant direct relationship between
CD4 +CD25 + FOXP3 + Treg cells and FOXP3-TSDR dem-
ethylation levels (r=0.634; P<0.001), and in the control group
was r=0.638, P<0.001. A similar correlation between flow
cytometry and methylation-specific qPCR to quantify Tregs

Table 4 Studied Tregs for CML
patients according to different
BCR-ABLY% results

Variables/percentage (%) BCR-ABL level BCR-ABL level BCR-ABL level P value
>0.1% 0.1-0.0032% <0.0032%

Treg cells (CD4+CD25+FOXP3+) 22.50 (7.075-39.55) 1.0 (0.6-1.8) 1.2 (04-2.1) <0.001

FOXP3-TSDR demethylation level 2.2 (1.5-3.7) 1.0 (0.6-0.4) 0.5 (0.4-0.2) <0.001
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Table 5 P value of studied
Tregs in CML patients between
different BCR-ABL levels

Variables/percentage (%) BCR-ABL level BCR-ABL level BCR-ABL level
>0.1% vs. BCR- >0.1% vs. BCR- 0.1-0.0032% vs.
ABL level ABL level BCR-ABL level
0.1-0.0032% <0.0032% <0.0032%

Treg cells (CD4+CD25 +FOXP3 +) <0.001 <0.001 0.999

FOXP3-TSDR demethylation level <0.001 <0.001 0.986

in blood has been reported by (Liu et al. 2010) (r=0.49) and
(Sehouli et al. 2011) (r=0.74), making of the measurement
of Treg cells are valuable and comparable in failure response
patients by the flow cytometry and gqMSP.

This relationship was lost in optimal response CML
patients (r=0.036, P=0.852), and this may be explained by
the presence of transient expression of FOXP3 in activated T
cells (Saito et al. 2016), due to the persistent residual disease
among the optimal responders CML patients.

In a present study, we tried to assess and compare the
CD4+CD25+FOXP3 + Tregs and FOXP3-TSDR demethyla-
tion percentage through different levels of BCR-ABLI tran-
scripts (>0.1%, 0.1-0.0032%, and < 0.0032%) of CML patients
groups. Significant higher CD4 4 CD25 +FOXP3 + Tregs and
FOXP3-TSDR demethylation levels in failure response group
(BCR-ABL1 level >0.1%) compared to optimal response CML
patient with BCR-ABL1 levels (0.1-0.0032% and < 0.0032%,
P <0.001). But this significant difference was lost between
the optimal CML patients with different molecular responses
(P=0.9), making the immune response status of the optimal
response patients at log3, log4, log4.5, and log5 BCR-ABL
reduction levels had no difference regarding the Tregs status.
Current data suggest the ability of imatinib therapy to reduce
the Treg cell levels, thereby reducing their inhibitory effect on
immune response, and this in turn contributes to strong acti-
vation in vivo immune response regardless of the molecular
reduction levels.

Labib and Haggag (2015) found significant positive cor-
relations between the percentage of Tregs with the percent-
age of BCR-ABL1 which indicates that it has an immune
modulating effect that may be significant in the progression
of CML; also, Tregs percent is positively correlated with
bone marrow blast cells percent, which may indicate that
higher Tregs levels are associated with poor disease course
or transformation in to advance stage.

Conclusions

Significant increase in Treg cells in failure response while
decreased in optimal response CML patients indicating that
might play an important role in the pathogenesis of CML
progression and in the disease control for a stable deep
molecular response in patients who achieved log 3 BCR-
ABL reduction levels and deeper molecular response. Also,

@ Springer

there is no variance in the status of the immune behavior
regardless the log scale of the optimal response, making
a MMoR (0.1% IS) enough to restore the immune escape
defect and the immunosuppressive properties of regulatory
T cells, and seems to be particularly important in the disease
control status.
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