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Abstract
Background: Several clinical trials on cancer showed a correlation between elevated levels of regulatory 
T cells with either poor prognosis or poor response to some therapies. Hence, in this study we tried to 
measure the regulatory T cells (CD4+CD245+) count and to evaluate the program death receptor 1(PD1) 
as a one of the main suppressive mechanisms that regulatory T cells use in CML patients with different 
molecular response to imatinib therapy. Method: Flow cytometry technique was used to analyze 30 sample 
of optimal molecular response of CML patients (BCR-ABL transcripts ≤ 0.1%) and 30 sample of failure 
molecular response patients (BCR-ABL transcripts >1%) with or without hematological failure, in order to 
assess the CD4+CD25+ T cells (Tregs) and PD1 expression on these cells. Thirty samples age and gender 
matched were used as healthy controls. Results: A high proportion of CD4+CD25+ T cells was found in 
failure groups compared to control and optimal groups(P= <0.001), while there was no significant difference 
between control and optimal groups with (P= 0.481). A cutoff value of CD4+CD25+ T cells at >33.7 % was 
highly significant with high sensitivity and specificity. This value can be used to determine the failure from 
the optimal CML responders. There was no noticeable differences (P= 0.125) in PD1+ expression among 
CD4+CD25+ T cells. Conclusion: A high percentage of Treg cells in the failure CML group might be an 
indication of immune escape of leukemic cells in those patients compared to the other investigated groups.
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Introduction
In hematological malignancies, such as chronic 

myeloid leukemia (CML), CD8+ T cells are down-
regulated in patients at time of diagnosis(1), as the 
immune system becomes impaired favoring immune 
escape of the leukemic cells(2). CML is characterized by 
the presence of BCR-ABL fusion oncogene that encodes 
BCR-ABL1 oncoproteins that have high tyrosin kinase 
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activity (3). Imatinib mesylate, a selective tyrosine 
kinase inhibitor, is considered the first TKI in CML 
management, accomplishing high response rates and 
overall survival, nevertheless; some of CML patients 
still develop treatment failure(3). The TKI treatment 
responses are more potent in patients with less exhausted 
T cells(4). A subset of CD4+ cells defined as a regulatory 
T cells (Tregs), which are reported as CD4+CD25+, 
express a high level of CD25+ (IL-2Ra), and can exhibit 
a suppressive function(5).

Tregs control effector immune cells by humoral and 
cell to cell contact mechanisms(6). Host environment 
and PD1 signaling play an important role in Treg 
development(7). In malignancy, Tregs considered a vital 
suppressive immunocyte in tumor microenvironment 
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(TME) and are characterized by PD1 and PDL1 
expression, and this demonstrated it contribution to the 
tumor progression (7).

In the CML treatment era, the main goal is to achieve 
a durable deep molecular response for treatment-free 
remission to stope TKI therapy. The immunological 
response and its effect in responder patients of CML may 
have a substantial value for those with a lack of overt 
relapse (8). From other view, the poor immunological 
response in CML can be part of targeted therapy to 
induce better response and to control TKI response 
failure.

Here in this study, we are trying to understand 
the dynamics of immune escape in CML patients by 
assessing Treg cells, that express CD4+CD25+ and 
PD1+ among different molecular response levels of 
CML patients undergoing imatinib therapy.

Materials and Method
Subjects: This study was conducted between 

Nov.2018-Dec.2019 at Baghdad Teaching Hospital/
Medical City and The National Center of Haematology. 
Sixty patients with CML were enrolled in the present 
study, age >18 years old and on imatinib mesylate 
therapy for more than 1 year duration. Patients were 
grouped according to treatment response and the level 
of BCR-ABL transcripts. Treatment response criteria 
were defined according to the European Leukemia-Net 
(ELN) guidelines (9). Thirty patients were classified as 
an optimal responders (p210 BCR-ABL transcript levels 
≤ 0.1%) and 30 patients were classified as had a failure 
molecular response to therapy with or without loss of 
hematological response (p210 BCR-ABL transcript 
levels >1%). This study was approved by the scientific 
ethics committee/faculty of medicine, university of 
Baghdad. Thirty age and gender matched samples 
without history of hematological or chronic disease 
were taken as a control group. At time of sampling, 
blood count indices were obtained and calculated by 
automated blood count analyzer.

Monoclonal antibodies and flow cytometry 
analyses: The flow cytometry analysis was performed 
on peripheral blood at a maximum interval of 24 hours. 
Fluorescently labeled monoclonal antibodies (mAbs) 
included [anti-CD45 (FITC), anti-CD4 (APC/CY7), 
anti-CD25 (APC) and anti-CD279 (PE/CY7)] purchased 
from (Biolegand, USA), flow cytometry staining was 

performed according to Biolegend immunofluorescence 
staining protocol. Data analyzed with DIVA software 
version 2016 using an immunological gate (SSC/CD45), 
along with CD4 marker were used to differentiate 
CD4+T-lymphocyte in all studied groups. At least 
100,000 events were analyzed for each sample.

Statistical analysis: Data analysis was done with 
SPSS 22.0.0 (Chicago, IL). For comparison between 
different groups, one-way ANOVA is used, and post 
Hoc Tukey test is used to confirm which groups are 
significant. Receiver operator curve (ROC) is used to 
see the validity of Tregs in recognizing failure cases 
from optimal, (P ≤ 0.05) were considered statistically 
significant.

Results
General characterization of Patients and control 

group: Out of 60 CML patients on imatinib therapy, 
30 patients were with optimal response with (mean age 
43.47±13.14years; mean disease duration 73.7 ± 37.6 
months; M;F ratio 1.72:1) and 30 patients were with 
failure response with (mean age 50.13±13.61years; mean 
disease duration 69.4 ± 46.4months; M;F ratio 0.76:1). 
Thirty healthy volunteer age and gender matched were 
included and evaluated as control samples with (mean 
age 46.33±8.84years; M;F ratio 1.14:1).

Patient’s characteristics according complete 
blood count were included: Haemoglobin (mean±SD) 
levels for the control, optimal response and failure 
response were (14.00±1.68 g/dL, 12.38±1.59 g/dL 
and 11.11±2.04 g/dL, respectively) with a significant 
difference among studied groups as shown in (Fig. 1A).

Regarding the platelets count (pltx10³/µL), the 
median for the control group was 312, range (247.3-
322.3), for optimal response was 254.5, range (201.3-
297.5) and for failure response was 300, range (146.8-
559.8), with a significant difference only between 
optimal responder CML and control group as shown in 
(Fig. 1B).

The median for white blood cells count (WBCx10³/
µL) for control was 7.63, range (6.65-8.81). For optimal 
response was 6.0, range (5.15-7.29). For failure response 
patients was 10.4, range (5.6-27.68), with no significant 
difference only between control and failure CML 
response group (P= 0.999) as shown in (Fig. 1C).
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Figure 1: Patients characteristics according complete blood count among different CML groups and control 
group. A) Hemoglobin levels B) Platelet count C) WBCs count.

All CML cases were categorized according to 
imatinib therapy response depending on the results of 
QPCR for p210 BCR-ABL transcripts and peripheral 
blood indices for each patient. There was a significant 
difference (P =<0.001) between failure response group 
with mean (28.4 ± 25.1%) and optimal response group 
with mean (0.02 ± 0.03%) regarding the BCR-ABL 
transcript levels. All patients with optimal response 
were with major molecular response (p210 BCR-ABL 
transcripts ≤ 0.1%), and 19(63.3%) of them had molecular 
response with BCR-ABL level (0.1– >0.0032%) log3 
& 4 reduction in BCR-ABL1 transcripts levels, while 
the other responders patients with 11(36.7%) had BCR-
ABL (≤0.0032) log4.5 & 5 reduction levels.

Among failure responders patients, there were 
93.3% had (BCR-ABL transcripts >1%). 15(50%) out 
of them had a failure hematological response (FHR) 

and failure molecular response (FMR), 13(43.3%) had 
only FMR and there were only 2(6.7%) with BCR-ABL 
levels between (> 0.1–1%) had FHR.

By the flow cytometry analysis of CD4+CD25+ T 
cells and PD1 expression among these cells in CML 
patients treated with imatinib therapy (Fig. 2). The 
(mean±SD) of CD4+T cells percentage for the control, 
optimal and failure response patients were (37.70±7.96%, 
38.39±8.55% and 35.86±9.55%, respectively) with 
(P= 0.5). Among these CD4+ T cells the median of 
CD4+CD25+ Tregs percentage for the control was 8.8, 
range (4.8-16.2), for optimal response 16.6, range (5.2-
50.2) and for failure response patients was 71.7, range 
(52.0-92.8). There was no significant difference between 
control and optimal groups with (P= 0.481), while there 
was a significant increase in percentage of CD4+CD25+ 
Tregs in failure groups compared to the control and 
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optimal groups (P= <0.001) for both as shown in (Table 
1; Fig. 3).

Regarding PD1expression, data demonstrate no 
significant differences (P= 0.125) in PD1+ among 

CD4+CD25+ T cells, although data fail to reach 
significancy but there was a higher expression in PD1 
percentage in failure groups compared to optimal and 
control groups (Table 1).

Table 1: Assessment of CD4+CD25+ T cells percentage among different CML patients and control group.

Percentage (%) Control (30) Optimal (30) Failure (30) P value
*CD4+ 37.70±7.96 38.39±8.55 35.86±9.55 0.511
# CD4+CD25+ in CD4+ T cells (range) 8.8(4.8-16.2) 16.6(5.2-50.2) 71.7(52.0-92.8) <0.001
*PD1+ in CD4+ CD25+ cells 65.30±18.88 61.70±18.96 71.60±18.56 0.125

*Presented using their mean ± standard deviation, # Presented using their median (interquartile range)

Figure 2: Flow cytometric analysis among different CML groups and control group.
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A) Gate for CD4+CD25+Tregs in all CD4+ T cells B) Gate for PD1 expression in CD4+CD25+ Tregs.

Figure 3: Percentage of CD4+CD25+ T cells among different CML groups and control group.

Receiver operating characteristic (ROC) curve 
analysis was applied in order to determine a cutoff value 
of CD4+CD25+ Tregs by comparing their percentage 
among studied groups. Data failed to discriminate 
between optimal response and healthy control as shown 

in (Table 2). However, a cutoff value at (>33.7 %) was 
highly significant with high sensitivity and specificity 
that can be utilized to discriminate failure from optimal 
responders as shown in (Table 3).

Table 2: The Roc analysis for CD4+CD25+ Tregs percentage in studied groups

Groups/%CD4+CD25+ AUC Explanation 95%CI of AUC P value Cut off % SN SP

Optimal vs Healthy 0.619 Poor 0.484 to 0.741 0.115 - - -

Optimal vs Failure 0.864 Good 0.751 to 0.939 <0.001 >33.7 96.7 70

AUC: area under the curve, CI: confidence interval, SN: sensitivity, SP: specificity

Discussion
Imatinib mesylate has an influence on the immune 

cells that can be both suppressive or stimulating(10). 
There is a clear discordance in immune response among 
CML patients, exemplified by the presence of many 
patients losing their response during the TKI treatment, 
whereas some others can develop deep molecular 
response, making the choice of stopping TKI treatment 
feasible for those patients (11).

In this study, we include 60 patients of CML 
with mean age 46.8±13.7, range (18-75) years old, 
the male:female ratio 1.14:1 which is comparable to 
ELN 2020 review as a younger age distribution among 
Asian population was <50 years old (12). This study 
showed that the peripheral blood indices were lower 

in hemoglobin level and higher in WBC counts among 
failure group compared to the control and the optimal 
responders groups. This is related to bone marrow 
suppression by an increased leukemic clone cells due to 
loss of TKI response and transformation of CML patient 
to an advanced stage. The optimal responders CML 
patients also showed a lower hemoglobin level than the 
control group, which might be linked to the effect of 
long usage of imatinib treatment as the mean duration 
of treatment in our cohort where 73.7 ± 37.6 months, 
this is agree with Moura et al., (13). The median platelets 
count among all studied groups was within normal range 
and this doesn’t exclude presence of different phases of 
CML in this study.

Among CML patients with failure molecular 
response to imatinib therapy, there was significant (P = 
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<0.001) higher median of CD4+CD25+Tregs (71.7%) 
in comparison to both optimal responders patients 
(16.6%) and control group (8.8%), without significant 
differences between the control group and the optimal 
responders patients. The presences of Tregs with high 
median level among non-responders CML patients, 
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. Conversely, the 
optimal responder CML patients showed much lower 
median level than the patients with failure response 
to therapy, with non-significant difference with the 
control group. This might be due to that the leukemic 
cell burden among the responders patients to imatinib 
therapy were much lower, indicating the efficacy of 
treatment that directly or indirectly reduced the Tregs 
counts and reconstitute the immune function. Our results 
are in line with Larmonier et al., (10) who found through 
in vivo and in vitro investigations that imatinib therapy 
decreased Treg frequency and impaired their immune 
suppressive function. Recent study showed that imatinib 
treated CML patients in complete molecular remission 
exhibited selective depletion of effector Treg cells and 
significant increase in effector memory CD8+ T cells 
while non-complete molecular remission did not (14).

Moreover, studies showed CD4+CD25+ Treg cells 
depletion reinstated an efficient anti-tumor immune 
response leading to complete tumor regression (15). 
The possibility that the function of Tregs may also 
influence patients with cancer has been suggested 
by previous studies on CLL (16) and lymphoma 
malignancies (17). Therefore, in relation to CML disease, 
the immunosuppressive properties of regulatory T cells 
seem to be particularly important in disease control 
status.

Our study established a cutoff value of CD4+CD25+ 
T cells at >33.7% which might be a good biomarker to 
distinguish between failure and optimal responders to 
TKI treatment.

In present study, the data analysis didn’t show 
noticeable difference in mean levels of PD1 expression 
on Tregs among the studied groups, despite the higher 
mean level in failure responders CML patients. This 
may relate to the extent of PD-1 mediated inhibition 
depending on the strength of the TCR signal, where 
as PD-L1 expression on non-lymphoid tissues and 
its potential interaction with PD1 may subsequently 

determine the extent of immune responses (18). Park et al., 
(19) suggested that PD1 expression in Tregs and the PD1/
PDL1 interplay is responsible for T cells exhaustion and 
can inhibit their proliferation and cytokines releasing.

Conclusion
CML disease undergoing TKI therapy is immune 

responsive disease, this response determined by the 
degree and type of CML molecular response, which 
may play a vital role in controlling the disease activity in 
advanced stage and deeper molecular response in patient 
who achieved MMoR. Our observation highlights the 
importance of Treg function and its interaction with PD1 
among CML patients. Furthermore, our findings might 
turn the focus of the new therapies towards targeting 
these escape mechanisms.
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