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Abstract

Objective: To investigate the immunomodulatory effects of the tyrosine kinase inhibitor (TKI)

dasatinib on T-cell subtypes in patients with chronic myeloid leukemia (CML).

Methods: T helper (Th) 1, Th2, regulatory T (Treg), and CD8þT cell levels were detected in

patients with CML (n¼ 9) before and after dasatinib treatment. The corresponding response

level at the time of a blood test was evaluated.

Results: After dasatinib treatment, six patients achieved a better response level, while three did

not show improved response levels. Among the total nine patients, there were no significant

differences in Th1, Th2, and Treg cell levels, whereas CD8þT cell levels were significantly

increased after dasatinib treatment compared with before treatment. When we analyzed the

six patients who obtained a better response level, Th1 and CD8þT cell levels were significantly

increased after dasatinib treatment, but Th2 and Treg cell levels did not change. The other three

patients who did not have improved response levels showed decreased Th1 cell levels and

increased Treg cell levels after treatment.

Conclusions: Dasatinib may increase Th1 and CD8þT cell levels, and decrease Treg cell levels in

patients with CML. This finding might be associated with a good therapeutic response to this drug.
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Introduction

Chronic myeloid leukemia (CML) is a

malignant disease caused by clonal prolifer-

ation of hematopoietic stem cells. The path-

ogenesis of this disease is related to the

formation of the BCR-ABL fusion gene

in the Philadelphia chromosome (Ph).1

Proteins encoded by this fusion gene can

abnormally increase the activity of tyrosine

kinase, resulting in uncontrolled prolifera-

tion, blocked differentiation, and inhibited

apoptosis of hematopoietic stem cells. This

then leads to abnormal hematopoiesis.2

The emergence of tyrosine kinase inhib-

itors (TKIs) has dramatically improved the

efficacy of treating patients with CML,

including a prolonged survival period and

improved quality of life.3,4 As the first-

generation TKI, imatinib has made a

great breakthrough in therapeutic efficacy.5

However, because of drug resistance or

intolerance, imatinib shows poor therapeu-

tic efficacy in some patients with CML.6,7

Therefore, a second generation of TKIs,

such as dasatinib and nilotinib, has gradu-

ally been developed and applied in the

clinic. These second-generation drugs

show encouraging efficacy compared with

imatinib, especially in patients who have

no improvement with treatment of imati-

nib.8,9 Studies have shown that second-

generation TKIs, such as dasatinib, induce

rapid rates of cytogenetic and molecular

responses compared with imatinib.10,11

In clinical application and research,

researchers have gradually found that dasa-

tinib shows direct anti-tumor effects on

CML by inhibiting the activity of tyrosine

kinase. Furthermore, dasatinib shows sig-

nificant immunomodulatory activity, such

as stimulating proliferation of natural

killer cells and enhancing the cytotoxicity

of natural killer cells in vivo, which results in

significantly enhanced anti-tumor immune

responses.12–15

Currently, immunotherapy strategies
that aim at improving the anti-tumor
immune responses of the body have
achieved remarkable efficacy in treating
malignant disease. The immune status of
patients with CML is important for choos-
ing an effective drug regimen, evaluating
the therapeutic response, and predicting
prognosis in patients with CML. There
have been many studies on the therapeutic
efficacy and prognosis therapy of patients
with CML after dasatinib treatment.16

However, the immunomodulatory efficacy
and the involved mechanism of dasatinib
are not fully understood. Therefore, this
study aimed to investigate the immunomod-
ulatory effect of dasatinib and its associa-
tion with clinical efficacy. We compared
changes in levels of T helper (Th) 1, Th2,
regulatory T (Treg), and CD8þT cells in
patients with CML before and after dasati-
nib treatment.

Patients and methods

Baseline characteristics of patients

Nine patients with CML who were treated
with dasatinib from January 2018 to
December 2018 at Sichuan Provincial
People’s Hospital were included in this
study. All patients were treated with dasa-
tinib at a dose of 100 mg/day. The levels of
Th1, Th2, Treg, and CD8þT cells in each
patient with CML were detected before and
after dasatinib treatment. A blood test for
T-cell subtypes before dasatinib treatment
was mostly conducted 1 month before the
starting date of dasatinib administration
(times of administration for each patient
are shown in Table 1), while a blood test
for T-cell subtypes after dasatinib treatment
was conducted after continued dasatinib
treatment of 3 to 5 months (Table 1).
During the study, the drug dose was adjust-
ed according to the conditions of blood
cells and drug tolerance of patients. Bone
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marrow morphology, cytogenetics, and

molecular biology tests (BCR-ABL transcripts

were detected by fluorescence quantitative

polymerase chain reaction as previously

described17) were performed before and after

dasatinib treatment according to the time

points of the T-cell subtype test in patients

with CML. The Medical Ethics Committee

of Sichuan Provincial People’s Hospital

approved the study. Informed consent forms

were signed and obtained from all of the

study’s participants.

Evaluation of clinical efficacy

The definition of a molecular response in

patients with CML was based on “The

guidelines for diagnosis and treatment of

chronic myeloid leukemia in China” (2016

edition).18 A major molecular response was

defined as BCR-ABL1IS � 0.1%. Molecular

response4 was defined as BCR-ABL1IS

� 0.01%, molecular response 4.5 was

defined as BCR-ABL1IS � 0.0032%, and

molecular response 5 was defined as

BCR-ABL1IS � 0.001%. The definition of

a cytogenetic response was based on

“Chronic Myeloid Leukemia, Version

1.2019 Clinical Practice Guidelines in

Oncology”.19 A complete cytogenetic

response was defined as no Ph-positive meta-

phases.4 A partial cytogenetic response was

defined as 1% to 35% Ph-positive meta-

phases. A minor cytogenetic response was

defined as Ph-positive metaphases >35%

to 65%.

Detection of T-cell subtypes

For each patient with CML, the levels

of T-cell subtypes, including CD8þT
(CD8þT/lymphocyte), Th1 (Th1/CD4þT),
Th2 (Th2/CD4þT), and Treg (Treg/

CD4þT) cells, were detected before and

after dasatinib treatment. Detection was

performed using a FACSCanto II Flow

Cytometer (BD Corporation, Franklin

Lakes, NJ, USA). Immunofluorescent anti-
body–fluorescein-labeled anti-CD3, anti-
CD4, anti-CD8, anti-CD25, anti-interferon
(IFN)-c, and anti-interleukin (IL-4) were pur-
chased from BD Corporation. Fluorescein-
labeled anti-Foxp3 antibody was purchased
from Thermo Fisher Scientific (Waltham,
CA, USA). Stimulants, including brefeldin
A, ionomycin, and phorbol myristate, were
purchased from Sigma-Aldrich (St Louis,
MO, USA). Permeabilization medium and
fixation medium were purchased from
Thermo Fisher Scientific.

The process of flow cytometry staining
was as follows. Each patient with CML
had 2 to 4 mL of peripheral blood collected
for flow cytometry analysis. The Th1 and
Th2 ratios (Th1/CD4þT and Th2/CD4þT)
were measured as follows. Peripheral blood
of patients with CML was mixed with
RPMI1640 at an equal volume, and subse-
quently mixed with brefeldin A, ionomycin,
and phorbol myristate acetate for 4 hours
at 37�C, 5% CO2. Antibodies for cell sur-
face markers, including fluorescein-labeled
anti-CD3 (20 mL) and anti-CD8 (5mL) anti-
bodies, were then added. The mixture was
incubated for 15 minutes at room tempera-
ture in the darkness. Erythrocyte lysate
solution (BD) was added to this mixture
and mixed, followed by a 10-minute incu-
bation to ensure complete lysis of erythro-
cytes. The mixture was then centrifuged at
395� g and the supernatant was removed.
Subsequently, cells at the bottom of the
centrifuge tube were washed with
1�phosphate-buffered saline (PBS) and
then fixed by fixation medium for 15
minutes at room temperature in darkness.
The cells were then washed once in 3 mL
PBSþ 0.1% NaN3þ 5% fetal bovine serum
(FBS). Permeabilization medium and intra-
cellular antibodies, including anti-IFN-c
antibody (20mL) and anti-IL-4 antibody
(20 mL), were mixed with these cells for
incubation of 20 minutes. After washing
once in 3mL PBSþ 0.1% NaN3þ 5%

4 Journal of International Medical Research



FBS, these cells were resuspended in an
appropriate volume of 1�PBS solution, and
then analyzed by flow cytometry. The surface
markers of Th cells are CD3þ CD4þ, where-
as CD4þ cells significantly decrease or even
disappear when stimulated by phorbol myr-
istate acetate for 4 hours. This is because
CD4 molecules on the cell surface are endo-
cytosed by the cell, which is induced by phor-
bol myristate acetate. Therefore, in this
study, CD3þ CD8– cells were considered as
CD3þ CD4þ cells. Additionally, CD3þ CD8–

IFN-cþ cells were considered as Th1 cells,
CD3þ CD8– IL-4þ cells were considered as
Th2 cells, and CD3þ CD8– cells were consid-
ered as CD4þT cells.

To determine the Treg ratio (Treg/
CD4þT), after peripheral blood of patients
with CML was mixed with RPMI1640 cul-
ture medium at an equal volume, antibodies
for cell surface markers (fluorescein-labeled
anti-CD3 [20mL], anti-CD4 [20mL], and
anti-CD25 [5mL] antibodies) were added
and incubated for 15 minutes at room tem-
perature in the darkness. Erythrocyte lysate
solution was added and mixed, followed by
10 minutes of incubation at room tempera-
ture. After washing with 1�PBS, fixation
medium was added and the mixture was incu-
bated for 15 minutes at room temperature.
The cells were then washed once in 3mL
PBSþ 0.1% NaN3þ 5% FBS. The sample
was centrifuged for 5 minutes at 300 to
350� g and the supernatant was removed.
After the cells were resuspended in 1�PBS
solution, permeabilization medium and intra-
cellular anti-Foxp3 antibody [5mL] were
added for incubation of 20 minutes. The
cells were then washed once in 3 mL
PBSþ 0.1% NaN3þ 5% FBS. These cells
were resuspended in an appropriate volume
of 1�PBS solution and then analyzed by flow
cytometry. CD3þ CD4þ CD25þ foxp3þ cells
were considered as Treg cells and CD3þ

CD4þcells were considered as CD4þT cells.
For the CD8þT ratio (CD8þT/lympho-

cyte), peripheral blood of patients with

CML was incubated with erythrocyte

lysate solution for 15–20 minutes. This mix-

ture was centrifuged at 395� g and the

supernatant was removed. Fluorescein-

labeled anti-CD3 (20 mL) and anti-CD8

(5mL) antibodies were then added to the

mixture for incubation of 20 minutes at

4�C in darkness. After washing with

1�PBS, these cells were resuspended in an

appropriate volume of 1�PBS solution, and

then analyzed by flow cytometry. Data anal-

ysis was performed using BD Diva analysis

software (San Jose, CA, USA).

Statistical analysis

The paired t-test was used to analyze

changes in T-cell subsets in patients with

CML before and after dasatinib treatment

with SPSS 14.0 software (Chicago, IL,

USA). All results are shown as mean�
standard deviation (M� SD). P� 0.05 was

considered to indicate a statistically signifi-

cant difference.

Results

Patients’ characteristics and

treatment responses

In this study, levels of T-cell subsets of nine

patients with CML before and after dasatinib

treatment were detected. Seven men and two

women were included, with a range in age of

17 to 61 years. The median time of treatment

with dasatinib was 4 months (3–5 months).

By the time of reexamination, six of these

nine patients achieved a deeper response

level after treatment, while the other three

did not show improved response levels after

treatment compared with the remission situ-

ation before dasatinib treatment (Table 1).

Th1 ratio (Th1/CD4þT)
In the nine patients, the mean (� standard

deviation) Th1 proportion (Th1/CD4þT)

Wei et al. 5



was 15.31%� 8.29% before dasatinib treat-

ment and 19.52%� 5.61% after treatment,

with no significant difference before and

after treatment. Among the six patients

who obtained a deeper response level after

treatment, the proportion of Th1 cells was

significantly higher after treatment than

before treatment (P¼ 0.014) (Figure 1).

However, the other three patients who did

not have improved response levels after

treatment showed lower Th1 levels com-

pared with before treatment.

Th2 ratio (Th2/CD4þT)
In the nine patients, the mean Th2 propor-

tion (Th2/CD4þT) was 0.89%� 0.53%

before dasatinib treatment and 0.72%�
0.32% after treatment, with no significant

difference before and after treatment.

The Th2 proportion was also not signifi-

cantly different in the six patients who

achieved a deeper response level after dasa-

tinib treatment compared with before treat-

ment (Figure 1

Treg ratio (Treg/CD4þT)
In the nine patients, the mean Treg propor-

tion (Treg/CD4þT) was 3.49%� 1.87%

before dasatinib treatment and 2.69%�
1.59% after treatment, with no significant

difference before and after treatment. In the

six patients who achieved a deeper response

level after dasatinib treatment, the Treg

proportion tended to be lower after dasati-

nib treatment compared with before treat-

ment (P¼ 0.067) (Figure 1). However, the

other three patients who did not have

improved response levels showed increased

Figure 1. Levels of Th1, Th2, Treg, and CD8þT cells before and after dasatinib treatment. Data of the total
patients with chronic myeloid leukemia and those of six patients who achieved deeper response levels after
dasatinib treatment are shown. Abbreviations: Th, T helper; Treg, T regulatory.

6 Journal of International Medical Research



Treg cell levels after treatment compared
with before treatment.

CD8þT ratio (CD8þT/lymphocytes)
Among eight patients, the mean CD8þT
proportion (CD8þT/lymphocyte) was sig-
nificantly lower (28.00%� 9.38%) before
dasatinib treatment compared with after
treatment (31.75%� 9.11%, P¼ 0.042).
Among these eight patients, the CD8þT
proportion was significantly increased
(P¼ 0.014) in the six patients who achieved
better response levels after dasatinib treat-
ment compared with before treatment,
while it was decreased in the other two
patients who did not show an improved
response level (Figure 1).

Discussion

TKIs, which can directly inhibit the activity
of tyrosine kinase, are important for thera-
peutic efficacy and have become essential
drugs for therapy of patients with CML.
Dasatinib can enhance the anti-cancer
immune responses of patients with CML
in vivo because of its immunomodulatory
activity. Cancer therapy has entered the
new era of immunotherapy. Improving the
anti-tumor immunity of patients is impor-
tant for completely eliminating the last
cancer cell. Therefore, dasatinib has good
potential in novel immunotherapy strategies.

At present, the body’s anti-tumor immu-
nity is believed to be mainly mediated by
cellular immune responses.20 In CD4þT-
cell subsets, Th1 cells secrete IFN-c and
mediate activation of the cellular immune
responses, Th2 cells mediate activation of
the humoral immune responses, and Treg
cells mediate immunosuppression. Th1
cells are an important helper T-cell subtype,
which can mediate the cellular immune
response, and elevated Th1 levels can con-
tribute to promotion of anti-tumor cellular
immune responses. Th1 cells promote

complete activation of CD8þT cells, which
can further directly kill cancer cells.
Therefore, the T-cell subsets that play an
essential role in the anti-tumor immune
responses in vivo are Th1 and CD8þT
cells.21 The level of Th2 cells can reflect in
part whether the mode of cellular immune
responses is dominant. Treg cell levels are
important for evaluating the activation
level of immune responses. Treg cells play
an important role in the negative regulation
of immune responses. In normal mice and
humans, Treg cells account for 5% to 10%
of CD4þT cells in peripheral blood.22

However, in patients with tumors, abnor-
mally elevated Treg cells may inhibit the
anti-tumor specific immune responses.23

Therefore, tumor cells are not detected and
killed by the immune system, which results
in acceleration of tumor progression. In this
study, Th1, Th2, Treg, and CD8þT cells
were detected before and after treatment
with dasatinib to evaluate the anti-tumor
immunity of patients with CML and to ana-
lyze the association between the above-
mentioned immune parameters and the
efficacy of dasatinib.

Among our nine patients, Th1 levels
appeared to be higher after dasatinib treat-
ment compared with those before treatment,
but this was not significant. However,
among the six patients who achieved a
better response level after dasatinib treat-
ment, Th1 levels were significantly higher
after treatment compared with before treat-
ment. The other three patients did not show
an improved response level after dasatinib
treatment. Interestingly, these three patients
showed lower Th1 levels after dasatinib
treatment compared with before treatment.
CD8þT cell levels of patients were signifi-
cantly higher after dasatinib treatment com-
pared with before treatment. Interestingly,
six of these eight patients achieved a deeper
response level after dasatinib treatment, and
they all showed simultaneously increased
CD8þT levels after treatment compared

Wei et al. 7



with before treatment. However, the other
two patients who did not show an improved
response level after dasatinib treatment
showed decreased CD8þT levels after treat-
ment. There was no significant difference in
Th2 levels between before and after dasati-
nib treatment This lack of change in Th2
levels could be because Th2 induces humoral
immune responses, which are not the domi-
nant type of immune responses in vivo in
patients with CML Cellular immune
responses in patients are preferred and are
more dominant in vivo. Treg cells are a T-cell
subtype that plays a role in immunosuppres-
sion. After treatment with dasatinib, Treg
cell levels of all nine patients were lower
compared with Treg cell levels before treat-
ment, but this difference was not significant.
When we analyzed Treg cell levels of the six
patients who achieved better response levels
after treatment, Treg cell levels tended to be
lower after dasatinib treatment compared
with before treatment. This finding may
have been related to the limited number of
enrolled patients. In the future, we will con-
tinue to follow-up the patients and increase
the number of enrolled patients. We will also
further investigate and confirm the effect of
dasatinib on Treg cells. Our findings suggest
that dasatinib reduces Treg cell levels, there-
by reducing their inhibitory effect on
immune responses, which in turn contributes
to stronger activation of the immune
response in vivo. Dasatinib has a clinically
significant and direct effect on immune effec-
tor cells, resulting in rapid lymphocyte mobi-
lization, activation, and transmigration.24,25

In our study, after treatment with dasa-
tinib, patients with elevated levels of Th1
and CD8þT cells and decreased Treg cell
levels achieved better, deeper, and more
ideal remission in their clinical status.
However, the unsatisfactory immune
status after dasatinib treatment showed
that the clinical status was not alleviated
after treatment. Therefore, patients may
be insensitive to dasatinib treatment or

dasatinib treatment is ineffective. At pre-
sent, the combination of immunomodulato-
ry drugs with traditional anti-tumor
regimens is a promising strategy for treating
malignant tumors.26 However, currently,
research and application of this strategy
are still developing. The current study
showed that dasatinib had an immunomod-
ulatory effect on patients with CML.
Therefore, dasatinib is a promising immu-
nomodulatory drug for combination with
current anti-tumor drugs for enhancement
of anti-tumor efficacy.

Conclusion

Our clinical observations indicate that Th1,
CD8þT, and Treg cell levels may be poten-
tial immune markers for evaluating the
therapeutic response to dasatinib and pre-
dicting clinical remission. The immune
markers Th1, CD8þT, and Treg are easily
detected (by flow cytometry) and highly
practical in the clinic with a low cost of
evaluation, and thus may be potential can-
didates for clinical monitoring. Changes in
Th1, CD8þT, and Treg cell levels not only
partly help to evaluate anti-tumor immuni-
ty of patients with CML, but also may be
useful for predicting these patients’ progno-
sis and adjusting clinical drug regimens.
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