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Abstract
Malignant cells can increase in number using immune escape mechanisms such as immune checkpoints. In this study, 
we evaluated the expression of an immune checkpoint programmed death 1 (PD-1) on T-cell subsets in chronic myeloid 
leukemia (CML). We obtained bone marrow aspirate samples from CML patients and from individuals without evidence 
of hematologic malignancies (controls). PD-1 expression on T-cell subsets was measured using flow cytometric analysis. 
PD-1 expression levels on CD8+ T-cells were significantly lower in complete hematologic response (CHR) than in controls, 
chronic phase, and blast phase (BP). In CML patients receiving imatinib and dasatinib, PD-1 expression levels on CD8+ 
T-cells were lower than that at diagnosis. PD-1 expression levels on CD8+ T-cells were positively correlated with quanti-
tative levels of the BCR/ABL fusion gene. PD-1 expression levels on CD4+ T-cells were higher in BP than in CHR. PD-1 
expression levels on CD4+ T-cells did not differ significantly according to different medications or quantitative BCR/ABL1 
fusion gene levels. Low PD-1 expression on CD8+ T-cells might play a role in maintaining CHR in CML patients. Immune 
monitoring of PD-1 expression on CD8+ T-cells may predict the disease course. In cases of refractory disease or resistance 
to imatinib or dasatinib, the use of PD-1 inhibitors would be helpful.
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Abbreviations
AP	� Accelerated phase
BP	� Blastic phase

CHR	� Complete hematologic response
CP	� Chronic phase

Introduction

There are several ways for malignant cells to increase their 
number. One of them is to use immune checkpoints that pro-
tect malignant cells from immune-mediated injury. Immune 
checkpoints are inhibitors that block the activation of the 
immune system in the body. They usually prevent overacti-
vation of T-cell responses. Immune checkpoints are critical 
inhibitors of immune activation that prevent the immune 
system from being damaged due to overbalancing and over-
activation [1]. When tumor cells develop, a specific anti-
gen from these cells attaches to the antigen presenting cells 
(APC) and signals the T-cells to begin their work. However, 
if the immune checkpoint ligands expressed on tumor cells 
meet the immune checkpoint receptors on T-cells, T-cells 
are inactivated and the tumor cells are no longer attacked 
[2]. Upregulation of immune checkpoints contributes to 
immune escape and tumor growth. Programmed death 1 
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(PD-1) pathway is one representative immune checkpoint 
regulation.

PD-1 is a receptor normally present on T-cells, B cells, 
monocytes, and NK T-cells, and programmed death ligand 
1 or 2 (PD-L1/L2) is a ligand that exists in APCs, pancreatic 
islet cells, endothelial cells, and epithelial cells [3, 4]. It has 
already been reported that PD-L1/2 is highly expressed in 
tumor cells. Advanced studies on solid tumors and hema-
tologic malignancies have been published. For melanoma, 
renal cell carcinoma, non-small cell lung cancer and blad-
der cancer, which are classically associated with clinical 
responses to immune checkpoint inhibition, PD-L1 expres-
sion ranges widely from 14 to 100%. Among the hemato-
logic malignancies, PD-L1 expression in malignant cells 
ranges from 37 to 58% [5].

Chronic myeloid leukemia (CML) is a disease that com-
pletely shifts the treatment paradigm due to the discovery of 
BCR-ABL1 tyrosine kinase expression, and tyrosine kinase 
inhibitors (TKIs) are being developed that would be effec-
tive therapeutic agents in CML. It is clear that TKIs have 
opened a new era for CML patients; however, it is difficult 
to manage patients who show refractory CML with TKIs or 
develop intolerance after prolonged therapy. The recent goal 
of CML treatment is to cease TKI therapy. The lack of overt 
relapse in patients with treatment-free remission has been 
attributed to immunological control of CML [6]. However, 
its precise mechanisms are not clear yet. There are a few 
studies on immune checkpoints in CML, and the results are 
controversial [7, 8].

The aim of this study was to evaluate the differences in 
the expression of PD-1 on CD4+ and CD8+ T-cells in CML 
patients. We observed how immune checkpoint PD-1 actu-
ally modifies according to the disease phase, the type of 
therapeutic agent, and the quantity of the BCR/ABL1 fusion 
gene. The results of this study will provide important guid-
ance in the direction of the treatment of CML with PD-1 
inhibitors.

Materials and methods

Sample collection and data acquisition 
from patients and controls

We obtained 82 bone marrow (BM) aspirate samples from 
54 patients with CML, both newly diagnosed and under 
treatment, at the Asan medical center in Korea, between 
May 2016 and May 2017. The disease phases and treatment 
responses in CML were judged according to WHO 2016 
criteria and the NCCN guideline version 1.2017 [9, 10]. 
As controls, BM aspirate samples were collected from 32 
individuals with no evidence of hematologic malignancies. 
We assessed the patient characteristics, medical history, and 

laboratory investigations including quantitative real-time 
polymerase chain reaction (RT-PCR) results for BCR-ABL1 
fusion gene.

This study was approved by the institutional review board 
of Asan Medical Center (Approval number: 20161087) 
and was performed in accordance with the Declaration of 
Helsinki.

Flow cytometric measurement of PD‑1 on T‑cell 
subsets

The BM aspirate samples were collected in EDTA tubes 
(BD Vacutainer, Franklin Lakes, NJ, USA). We incubated 
100 uL of PBS-diluted BM aspirate (10,000–20,000/uL) 
with fluorescence conjugated antibodies (4–8 uL of each 
PE-conjugated anti-PD-1 [clone EH12.1, BD Pharmingen 
PE Mouse Anti-Human CD279], APC-Cy7-conjugated anti-
CD3 [clone SK7, BD Pharmingen APC-Cy7 Mouse Anti-
Human CD3], APC-conjugated anti-CD4 [clone RPA-T4, 
BD Pharmingen APC Mouse Anti-Human CD4], FITC-
conjugated anti-CD8 [clone HIT8a, BD Pharmingen FITC 
Mouse Anti-Human CD8], and PerCP-conjugated anti-CD45 
[clone 2D1, BD Pharmingen PerCP Mouse Anti-Human 
CD45] purchased from BD Pharmingen [San Diego, CA, 
USA]) for 20 min in the dark, at room temperature. After 
washing, the samples were lysed using the lysing solution for 
10 min and washed and suspended in PBS. A minimum of 
100,000 stained nucleated cells per tube were acquired using 
a flow cytometer (FACSCanto II, BD Biosciences, Sunny-
vale, CA, USA) and analyzed using FACSDiva software 
(BD Biosciences). The positive percentages of PD-1 expres-
sion on CD4+ T-cells and CD8+ T-cells were measured 
(Fig. 1). Lymphocytes were gated with bright expression 
of CD45 and low SSC on CD45 vs. SSC cytogram, CD3+ 
CD8+ T-cells were regated on CD3 vs. CD8 cytogram, and 
positive PD-1 expression was measured on CD8 versus 
PD-1 cytogram. Positive PD-1 expression on CD3+ CD4+ 
T-cells was also measured following the above method using 
CD4 instead of CD8. The cutoff values for positivity were 
assigned according to the isotypic controls.

Statistical analysis

The statistical analyses were performed using SPSS ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA) and Excel 2007 
(Microsoft, Redmond, WA, USA). Data were tested for 
normal distribution using the Kolmogorov–Smirnov test. 
Statistical comparison was calculated by the Kruskal–Wal-
lis test and Mann–Whitney test. If a significant difference 
was found in the comparison between the groups in the 
Kruskal–Wallis test, one-way ANOVA test was performed, 
following ranking all the data, and a Scheffe test was 
used as a post hoc test. Spearman’s coefficient of rank 
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correlation was used to evaluate the association between 
PD-1 expression percentages and BCR/ABL1 quantifica-
tion results. Regression analysis was performed to con-
struct a regression equation and calculate the correlation 

coefficient of determination. values < 0.05 were consid-
ered to indicate statistical significance. Data were given 
as median with 95% confidence interval.

Fig. 1   Measurement of PD-1 
expression on T-cell subsets 
using flow cytometry. a Gate for 
lymphocytes, b gate for CD8+ 
T-cells among lymphocytes, 
c PD-1 expression on CD8+ 
T-cells, d gate for CD4+ T-cells 
among lymphocytes, e PD-1 
expression on CD4+ T-cells
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Results

Patient characteristics

The median age of the CML patients was 47 years, rang-
ing from 11 to 82 years, and that of BM controls was 
54 years, ranging from 17 to 80 years. Male and female 
ratio was 2.72 in the CML patient group and 0.6 in the 
control group. The BM samples of CML patients included 
22 samples collected at diagnosis (20 in chronic phase 
[CP] and 2 in blast phase [BP]) and 60 collected at follow-
up (52 in complete hematologic response [CHR], 1 in CP, 
1 in accelerated phase [AP], and 6 in BP). At follow-up, 
all patients were treated with imatinib (n = 41), dasatinib 
(n = 8), nilotinib (n = 9), or radotinib (n = 2) (Table 1). The 
percentage of CD3+ T-cells, CD3+ CD4+ T-cells, and 
CD3+ CD8+ T-cells among all the cells in BM and the 
T-cell ratio of CD4+/CD8+ are shown in Table 1. There 
was no statistical difference in lymphocyte subset status 
between patient groups based on the disease phase and the 
type of therapeutic agent.

Expression of PD‑1 on CD8+ T‑cells according 
to the disease phases of CML

PD-1 expression on CD8+ T-cells was significantly lower 
in CML patients at CHR (median 21.2%, ranging from the 
1st–3rd quartiles 20.2–27.2%), compared to those at CP 

(29.7%, 27.4–37.2%, P < 0.001), AP (40.0%), BP (40.3%, 
22.3–60.9%, P < 0.001), and the control group (29.3%, 
26.3–33.8%, P = 0.004) (Fig. 2).

Table 1   Patient characteristics

CP chronic phase, AP accelerated phase, BP blast phase, CHR complete hematologic response, TKI tyros-
ine kinase inhibitor

Clinical characteristics At diagnosis (n = 22) Follow-up (n = 60) Patient total Controls

CP AP BP CHR CP AP BP

Patients, n 20 0 2 52 1 1 6 82 32
Male/female 12/8 0/0 0/2 41/11 0/1 0/1 6/0 59/23 12/20
Age, year median (range) 54

(22–74)
– 60

(53, 66)
50
(11–82)

82 68 44
(19–68)

47
(11–82)

54
(17–80)

TKI therapy
Imatinib – – – 40 0 1 0 41 –
Dasatinib – – – 5 0 0 3 8 –
Nilotinib – – – 5 1 0 3 9 –
Radotinib – – – 2 0 0 0 2 –
Lymphocyte subset, median (% of cells)
CD3+ T-cell 71.4 – 78.3 65.8 49.2 60.6 80.4 67.3 67.7
CD3+ CD4+ T-cell 29.5 – 34.7 26.8 24.1 35.3 29.8 28.2 27.2
CD3+ CD8+ T-cell 35.3 – 40.1 31.6 10.9 20.6 38.5 33.4 33.3
CD4/CD8 ratio 0.86 – 0.95 0.87 2.21 1.71 0.76 0.86 0.84

Fig. 2   Comparison of PD-1 expression on CD8+ T-cells between 
bone marrow controls and chronic myeloid leukemia patients in com-
plete hematologic response (CHR), chronic phase (CP), accelerated 
phase (AP), and blast phase (BP). In each box plot, the median value 
is reported besides the box. The upper, lower ends, and inner lines of 
the boxes correspond to the 3rd quartile, 1st quartile, and median val-
ues, respectively. Error bars denote minimum and maximum values, 
and circles indicate outlier values. One patient in AP was excluded 
from the statistical analysis and only denoted in the figure
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Expression of PD‑1 on CD8+ T‑cells according to TKI 
medication

At diagnosis of CML, the median expression level of PD-1 
on CD8+ T-cells was 32.2% (27.1–37.5%). In patients 
treated with imatinib, the expression levels of PD-1 on 
CD8+ T-cells (21.4%, 19.6–27.3%) were lower than that at 

diagnosis (P = 0.004) and in the control group (P = 0.006). 
CML patients treated with dasatinib had lower expression 
of PD-1 on CD8+ T-cells (25.2%, 18.6–32.5%) than those at 
diagnosis, although statistical significance was not reached. 
There was no difference in expression levels of PD-1 
between patients treated with nilotinib (29.6%, 18.4–54.2%) 
and those at diagnosis (Fig. 3).

Among patients treated with imatinib or dasatinib, only 4 
patients (8.2%, 4/49) did not achieve CHR. Among patients 
using nilotinib, significant differences in PD-1 expression 
were found between CHR patients (16.5%, 9.1–32.9%) and 
BP patients (58.7%, 21.7–89.2%) (P = 0.027) (Fig. 4).

Correlation of PD‑1 expressions on T‑cell subsets 
with BCR/ABL1 fusion gene quantitation results

The levels of PD-1 expression on CD8+ T-cells posi-
tively correlated with the quantitative levels of BCR/ABL1, 
detected by RT-PCR in BM (P = 0.024, rho = 0.280) (Fig. 5).

When 2 individual CML patients were assessed serially, 
the phase of the disease and percentage of PD-1 expression 
on CD8+ T-cells were found to be related. Patient 1 was 
diagnosed CML 10 years ago and kept CHR state with 
imatinib therapy. At the beginning of this study, the patient 
relapsed, E275K mutation was detected within BCR-ABL1 
gene, and the treatment changed from imatinib to dasat-
inib. During this study, he remained in BP, although the 
blast count was variable. PD-1 tended to increase continu-
ously, while the level of BCR/ABL1 was proportional to 
the number of blasts (Fig. 6a). Patient 2 had progressed to 

Fig. 3   Comparison of PD-1 expression on CD8+ T-cells of chronic 
myeloid leukemia patients according to different TKI medications. 
In each box plot, the median value is reported besides the box. The 
upper, lower ends, and inner lines of the boxes correspond to the 
3rd quartile, 1st quartile, and median values, respectively. Error bars 
denote minimum and maximum values, and circles indicate outlier 
values

Fig. 4   Differences in PD-1 
expression on CD8+ T-cells 
between complete hematologic 
response (CHR) and non-CHR 
(chronic phase, accelerated 
phase, and blast phase) after 
treatment. In each box plot, 
the median value is reported 
besides the box. The upper, 
lower ends, and inner lines of 
the boxes correspond to the 
3rd quartile, 1st quartile, and 
median values, respectively. 
Error bars denote minimum and 
maximum values, and circles 
and stars indicate outlier values
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BP consisting of lymphoblasts after reaching CHR. The 
level of BCR/ABL1 did not change significantly in AP and 
BP after reaching CHR. PD-1 decreased significantly from 
48.4% at diagnosis (in CP) to 20.0% at CHR and then 
increased up to 40.0% in AP and 74.7% in BP (Fig. 6b).

Expression percentage of PD‑1 on CD4+ T‑cells

The median expression level of PD-1 on CD4+ T-cells for 
the CML patients in CHR was 21.3% (20.3–26.7%). The 
patients in BP had a higher expression percentage of PD-1 
on CD4+ T-cells (29.5%, 22.4–43.2%, P < 0.001) than the 
patients in CHR. The expression of PD-1 on CD4+ T-cells 
was lowest in CHR patients and tended to increase in CP 
(25.0%, 20.8–28.5%), AP (26.2%), and BP in ascend-
ing order, but the statistical significance was shown only 
between CHR patients and BP patients (Fig. 7).

There was no statistical significance between expression 
levels of PD-1 on CD4+ T-cells and different medications 
or quantitative levels of BCR/ABL1 fusion gene.

Discussion

In the area of cancer therapy, the paradigm has shifted. Can-
cer therapy targets tumor cells and involves cytokines to 
turn on immune responses. Moreover, it works by blocking 
inhibitory pathways that limit anti-tumor immune responses. 
In immunotherapy, it is important to understand the funda-
mental mechanisms of T-cell activation and its regulation 
in the course of cancer-specific immunity, and to be able 
to target more immunogenic cells. CML is known to be an 
immunogenic tumor [11]. In CML, the immune system has 
long been considered to be important in malignant trans-
formations as well as in therapeutic efficacy of allogenic 
hematopoietic stem cell transplantation and donor lympho-
cyte infusion-mediated graft-versus-leukemia effects [12]. 
The immune checkpoint is the central concept of the can-
cer immune system, and some antibodies targeting immune 
checkpoints were approved by the Food and Drug Admin-
istration (FDA) for the treatment of melanoma, lung can-
cer, and renal cell carcinoma. Although the importance of 
checkpoints has been growing in the field of hematologic 
malignancy, sufficient studies have not been reported, and 
the same is true for CML.

Fig. 5   Correlation between 
PD-1 expression on T-cell 
subsets and BCR/ABL1 quanti-
fication results. PD-1 expres-
sion level on CD8+ T-cells 
was positively related to BCR/
ABL1 quantification results, but 
PD-1 expression level on CD4+ 
T-cells had no relationship 
with BCR/ABL1 quantification 
results
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In one study showing differences in PD-1 expression 
according to Sokal score, the expression of PD-1 on CD8+ 
T-cells was significantly higher in the high-risk group 
than in the control group [7]. A study in Australia recently 
showed that PD-1 expression in CD8+ T-cells was high in 
CML patients and returned to levels similar to that of healthy 
individuals after reaching a molecular response through 

treatment [8]. We also found that the expression of PD-1 in 
CML was more dominant in CD8+ T-cells than in CD4+ 
T-cells, while on the discussion of T-cells in tumors, the 
so-called tumor infiltrating lymphocytes, CD8+ memory 
T-cells are known to be the key denominator for overall 
survival. As CD8+ T-cells seem to be more simplified in 
function than CD4+ T-cells, the clinical impact of CD8+ T 

Fig. 6   Serial data of PD-1 
expression levels on CD8+ 
T-cells for two CML patients 
according to the change in 
disease phases during follow-
up. PD-1 expression was shown 
to be weakly related to BCR/
ABL1 quantification than blast 
percentage in BM but seemed to 
be better related to prediction of 
disease progression. Abbre-
viations: BP blast phase, CP 
chronic phase, CHR complete 
hematologic response, AP 
accelerated phase
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memory cells is striking and obviously suggests their in situ 
function as direct cancer cell killers. For CML patients hav-
ing CHR, the expression of PD-1 on CD8+ T-cells was 
lower than in patients at other disease phases (CP, AP, and 
BP), as well as significantly lower than in the controls. These 
results suggest that CD8+ T-cells play a crucial role in the 
treatment of CML and also emphasizes the importance of 
lowering the expression of PD-1 in order to control the 
disease.

In this study, the expression of PD-1 on CD8+ T-cells 
is not only dependent on the phase of the disease, but also 
the leukemic cell burden. A quantification of BCR-ABL1 
mRNA performed by qRT-PCR represents the most sensitive 
tool for the assessment of the disease status, particularly the 
measurable residual disease [13]. The present study shows 
the positive correlation between PD-1 expression levels on 
CD8+ T-cells and BCR-ABL1/ABL1 ratio. According to 
a previous study by Mumprecht et al., the level of PD-1 
expression did not correlate with the quantitative level of 
BCR/ABL1, contrary to our results [14]. In that study, they 
used peripheral blood samples, and the number of CML 
patients involved in the analysis was relatively small (n = 8).

Additionally, we analyzed two patients having the serial 
data of PD-1 expression on CD8+ T-cells and BCR/ABL1 
quantifications to assess the change of PD-1 expression 
longitudinally. One patient was continuously in the blast 
phase of CML. The BCR-ABL1/ABL1 ratio almost matched 
the blast percentage in BM. PD-1 expression continuously 

increased from 17.20 to 70.70% (Fig. 6a). Another patient 
who was in CP at the diagnosis of CML reached CHR and 
then deteriorated to AP and BP. In this case, the change in 
the BCR-ABL1/ABL1 ratio was relatively small, even in the 
blast phase. However, the expression of PD-1 was greatly 
increased during aggravation to AP and BP (Fig. 6b). These 
results suggest that the expression level of PD-1 on CD8+ 
T-cells reflects the phase of the disease, as well as the quan-
tification results of BCR/ABL1, in advance. It implies that 
PD-1 can reflect the patient’s immune status and predict the 
disease course, because it is present in lymphocytes that 
constitute the tumor’s microenvironment. The previous two 
cases support this implication.

TKI therapy targeting BCR-ABL1 represents the current 
gold standard for the treatment of CML. In this study, all 
the follow-up patients were treated by TKI therapy. TKIs 
are known to affect the immune system in some ways. TKI-
mediated immunomodulatory effects conferring immune 
system reactivation have also been reported in CML and 
gastrointestinal stromal tumor patients [15]. Since TKI ther-
apy affects many complex stages of the immune system, 
its mechanism has not been clarified and there are many 
controversies. Balanchandran et al. reported that within the 
tumors, imatinib was shown to increase the number of acti-
vated CD8+ T-cells and decrease the frequency of regula-
tory T-cells (Treg) [16]. Pauken et al. revealed that the loss 
of PD-1 in CD8+ T-cells independently contributes to the 
immunity and clears tumor cells by increasing the ratio of 
CD8+ T-cells to Treg [17]. In dasatinib-treated patients, 
CD8+ T-cells showed less than 20% expression of PD-1 
[18]. Dasatinib-induced lymphocytosis may also be respon-
sible for the lowering of PD-1 expression. Our study showed 
that the PD-1 expression in CD8+ T-cells decreased in both 
the imatinib-treated and dasatinib-treated patients, regard-
less of the responsiveness to the medication. In nilotinib-
treated patients, the PD-1 expression on CD8+ T-cells was 
not different from that in CML patients who did not start 
treatment. A recent study using multiplex immunohisto-
chemistry showed similar results. They found a decrease in 
PD-1 on CD8+ T-cells after starting TKI therapy, as com-
pared to that at diagnosis. They stated the trend was simi-
lar to imatinib, dasatinib, and nilotinib, although statistical 
significance was not reached due to small sample size. The 
decrease in PD-1 expression was much lesser after nilotinib 
administration than after the use of other TKIs [19]. We con-
firmed this trend with statistical significance with adequate 
number of CML patients. The difference of PD-1 expression 
by imatinib, dasatinib, and nilotinib in this and Brück et al.’s 
studies, which were conducted on CML patients, is expected 
to be due to the immune modulatory effect depending on 
TKI therapeutic dose. Imatinib and dasatinib showed inhibi-
tory effects on immunosuppressive pathways at therapeuti-
cally relevant concentrations [20, 21]. However, nilotinib 

Fig. 7   Comparison of PD-1 expression on CD4+ T-cells between 
BM controls and CML patients in complete hematologic response 
(CHR), in chronic phase (CP), in accelerated phase (AP), and blast 
phase (BP). In each box plot, the median value is reported besides the 
box. The upper, lower ends, and inner lines of the boxes correspond 
to the 3rd quartile, 1st quartile, and median values, respectively. Error 
bars denote minimum and maximum values, and circles and stars 
indicate outlier values. One patient in AP was excluded from the sta-
tistical analysis and only denoted in the figure
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had immunomodulatory effects at concentrations of greater 
than 10 μM, which exceeded the mean serum levels achieved 
in patients to whom nilotinib was administered [22].

There is a limitation to our study. The control group in 
this study is not healthy control. Because it is very diffi-
cult to obtain BM specimens of healthy patients, among 
patients who underwent BM study due to cytopenia or fever 
unknown origin, the patients whose BM had no hematologic 
malignancies and were reported as normo/hypo/hypercel-
lular marrow or immune thrombocytopenic purpura were 
designated as controls. It would be helpful, if future research 
using fully healthy population such as BM specimens from 
donors for BM transplantation could be conducted. How-
ever, the focus of this study is on showing differences in each 
disease stage or drug use among patients with CML rather 
than between controls and patients with CML. Care should 
be taken in the interpretation when compared to controls.

In conclusion, low expression of PD-1 on CD8+ T-cells 
plays a role in maintaining CHR in CML. Immune monitor-
ing through the measurement of PD-1 expression on CD8+ 
T-cells may predict the course of the disease. Imatinib and 
dasatinib lowered the expression of PD-1 on CD8+ T-cells, 
while nilotinib did not at the clinical relevant dose. It might 
be helpful to use immune checkpoint inhibitors along with 
nilotinib which seems to have less effect on downregulation 
of PD-1 expression on CD8+ T-cells. In the case of refrac-
tory disease or resistance to imatinib or dasatinib, the use of 
immune checkpoints inhibitors would be helpful.
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