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The antitumor activity of NK cells in patients with chronic myeloid leukemia (CML) is inhibited by the leukemia
microenvironment. Recent studies have identified that the expression of TIGIT, CD57, and KLRG1 is related to the function,
maturation, and antitumor capabilities of NK cells. However, the characteristics of the expression of these genes in the
peripheral blood (PB) and bone marrow (BM) from patients with CML remain unknown. In this study, we used multicolor flow
cytometry to assay the quantity and phenotypic changes of NK cells in PB and BM from de novo CML (DN-CML) and CML
patients acquiring molecular response (MR-CML). We found that the expression of TIGIT, which inhibits NK cell function, is
increased on CD56+ and CD56dim NK cells in DN-CML PB compared with those in healthy individuals (HIs), and it is restored
to normal in patients who achieve MR. We also found that the expression of CD57 on NK cells was approximately the same
level in PB and BM from DN-CML patients, while decreased CD57 expression was found on CD56+ and CD56dim NK cells in HI
BM compared with PB. Additionally, those two subsets were significantly increased in DN-CML BM compared to HI BM. The
expression of CD57 correlates with replicative senescence and maturity for human NK cells; therefore, the increase in TIGIT on
PB NK cells together with an increase in CD57 on BM NK cells may explain the subdued NK cell antileukemia capacity and
proliferative ability in DN-CML patients. These results indicate that reversing the immune suppression of PB NK cells by blocking
TIGIT while improving the proliferation of BM NK cells via targeting CD57 may be more effective in removing tumor cells.

1. Introduction

Chronic myeloid leukemia (CML) is characterized by the
expression of the BCR/ABL1 fusion gene and the presence
of the Philadelphia chromosome (Ph). The product of this
fusion gene is a protein with deregulated tyrosine kinase
activity, resulting in a malignant clonal disorder of the hema-
topoietic stem cells in the bone marrow (BM) and the accu-
mulation of immature myeloid cells in peripheral blood
(PB) [1]. The use of tyrosine kinase inhibitors (TKIs) leads

to a complete remission rate reaching 83%; however, muta-
tion in the ABL kinase domain results in certain treatment
failure. Furthermore, long-lasting side effects of treatment
and the cost of TKIs remain a problem [2, 3]. Therefore,
the development of new TKI agents and combination thera-
pies is urgently needed for CML patients [4].

There is an abundance of evidence that NK cells can
exhibit potent antitumor activity against CML, acute myeloid
leukemia (AML), and myelodysplastic syndromes (MDS).
However, disease-associated mechanisms often inhibit the
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proper functions of endogenous NK cells, leading to inade-
quate tumor control and risk for disease progression [5–8].
As it is well known, the function of NK cells is precisely reg-
ulated by inhibitory and activating receptors. Higher surface
expression of inhibitory receptors, such as natural killer
group 2A (NKG2A), and lower expression of activating
receptors, including natural killer group 2d (NKG2D) and
DNAX accessory molecular-1 (DNAM-1), on cytotoxic NK
cells were found in CML patients at diagnosis [9]. Recently,
T cell immunoreceptor with immunoglobulin and ITIM
domain (TIGIT) has been identified as a novel NK inhibi-
tory receptor that can lead to NK cell exhaustion and dys-
function [10]. Inhibiting TIGIT on NK cells can restore
the function of NK cells [11]. However, the expression of
TIGIT on NK cells in de novo CML (DN-CML) patients
remains unclear.

Human CD56+ NK cells represent 5-20% of peripheral
blood mononuclear cells. According to the expression den-
sity of CD56 and CD16, these cells can be further subdivided
into two subsets: CD56bright NK cells, which represent a less
mature population that is in charge of the production of
cytokines, such as INF-γ, TNF-α, and MIP-1α, and
CD56dimCD16+ NK cells (hereafter termed “CD56dim NK”),
which represent a more mature population responsible for
cytotoxicity [12–14]. In addition to CD56, CD57 and killer
cell lectin-like receptor subfamily G, member 1 (KLRG1)
have been reported to be related to the terminal maturation
state and homeostasis of NK cells, which can enhance their
cytolytic ability [15–17]. CML patients who have achieved a
major molecular response (MMR, BCR/ABL ≤ 0:1%) or
molecular response4.5 (MR4.5, BCR/ABL ≤ 0:0032%) show a
larger proportion of mature, cytolytic CD57+CD62L− NK
cells in PB with repertoires of activating and inhibitory recep-
tors on NK cells restored to expression levels found in HIs
[8]. However, whether CD57 and KLRG1 are altered in the
PB and BM of DN-CML patients remains unknown.

Based on the importance of NK cells in antitumor function
in CML, in this study, we assayed the TIGIT, CD57, and
KLRG1 expression frequencies on NK cells and NK cell subsets
in the PB and BM of DN-CML patients and patients who
achieved a molecular response (MR-CML) after TKI treatment.

2. Material and Method

2.1. Samples. PB samples were collected from 13 de novo
CML patients (DN-CML), 18 CML patients who achieved
molecular response (MR), and 15 healthy individuals (HIs).

The MR group included 3 different degrees of molecular
response according to BCR/ABL1 level (>0.1%, before
achievement of major molecular response, preMMR, n = 8,
BCR‐ABL1 ≤ 0:1%; major molecular response, MMR, n = 8,
BCR‐ABL1 ≤ 0:0032%; molecular response4.5, n = 2) [18].
BM were obtained by aspiration from de novo CML (n = 7),
healthy individuals (n = 5) from hematopoietic stem cell
transplant donors, and 3 case iron-deficiency anemia (IDA)
as controls. Patients who had current or recent acute infection
and those with autoimmune disease or diabetes mellitus were
excluded. Clinical details of the patients are presented in
Table 1. All sample collection was obtained with informed
content from the patients and healthy volunteers. All proce-
dures were conducted according to the guidelines of the
Medical Ethics Committees of the Health Bureau of the
Guangdong Province in China, and ethical approval was
obtained from the Ethics Committee of the Medical School
of Jinan University (No. (2016) Ethics Approval No. 010).

2.2. Immunophenotyping Analysis by Flow Cytometry. A total
of 150μl of fresh whole blood or bone marrow was stained
with CD45-BUV395 (clone: HI30), CD3-AF700 (clone:
UCHT1), CD14-BV605 (clone: M5E2), CD19-BV605 (clone:
SJ25C1), CD56-PE-CF594 (clone: B159), CD16-percp-cy5.5
(clone: 3G8), CD57-APC (clone: NK-1), TIGIT-BV421
(clone: A15153G), or KLRG1 (clone: SA231A2). All antibod-
ies were used according to the manufacturer’s instructions.
Twenty microliters of absolute count microspheres (Thermo;
Cat: C36950) was added to the samples for absolute cell num-
ber analysis. Samples were analyzed with a BD Verse flow
cytometer (BD Biosciences, USA), and data analysis was per-
formed with FlowJo software.

2.3. Statistical Analysis. Statistical analysis of unpaired
samples was performed with Prism (GraphPad) using the
independent-sample Wilcoxon test between two groups.
p values of paired samples were calculated with Prism (Graph-
Pad) using the Wilcoxon matched-pairs signed rank test. All
data are represented as medians. Significance levels were
defined as ns (not significant, p > 0:05). Values of p < 0:05
were considered significant.

3. Results and Discussion

3.1. TIGIT Is Increased on PB NK Subsets of DN-CML
Patients. To compare the proportion and the absolute num-
ber of NK subsets in different status of CML patients with

Table 1: Sample characteristics.

Factor HIs-PB De novo CML-PB MR-PB HIs-BM De novo CML-BM

The number of the case 15 13 18 8 7

Age (median; range) (years) 51 (21-82) 45.5 (32-74) 40 (21-79) 33 (17-51) 40 (32-82)

Gender (male/female) 9/6 9/4 8/10 3/5 4/3

BCR/ABL1 (IS) (%) — 95.6 (13.4-240.0) 2.35 (0.005-9.1) — —

TKI duration (median, range) months — — 54 (1-108) — —

HIs: healthy individuals; CML: chronic myeloid leukemia; MR: molecular response; PB: peripheral blood; BM: bone marrow; IS: international standard; TKI:
tyrosine kinase inhibitor.
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Figure 1: Continued.
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those from HIs, we used nine antibodies for flow cytometry
analysis. The gating strategy is shown in Figure 1(a). We
found a decreased percentage (67%) of CD56+ NK cells
accounting for the CD3- population in PB from DN-CML
patients compared with HIs (83.4%, p = 0:0012). The per-
centage of CD56dim NK cells (55.05%) was also decreased
in DN-CML patients compared with that in HIs (69.9%,
p = 0:0124); however, the absolute NK cell numbers in
the DN-CML patients were not different compared with
those in HIs. These differences were restored to normal in
MR-CML patients (Figures 1(b) and 1(c)). Previous studies
have reported not only a significant decrease in the percent-
age but also the absolute number of NK cells in DN-CML
patients [9, 19]. This difference may be due to differences in
race and age, e.g., the ages of the DN-CML patients in our
study were relatively young. In addition, the limited number
of DN-CML patients in our study may also influence our
findings. In addition to the number and percentage of NK
cells that were changed in DN-CML patients, decreased NK
cell function was also detected in DN-CML patients. For
example, downregulation of NK cell-activating receptors
CD161 and CD94/NKG2D and the natural cytotoxicity
receptors NKp30 and NKp46 was also reported previously
[8]. However, the expression of TIGIT, KLRG1, and CD57
and their association with the function, maturation, and anti-
tumor ability of NK cells in DN-CML patients are unknown.
Therefore, we evaluated the expression of the above markers
on NK subsets from the PB of DN-CML and MR patients.
We found that the expression level of TIGIT increased on
total NK cells (84.25% vs. 65.8%, p = 0:0214) and the subsets
CD56bright (74.6% vs. 41.4%, p = 0:0005) and CD56dim

(83.70% vs. 65.30%, p = 0:0139) in DN-CML patients com-
pared to that in HIs, while it was restored to normal in

MR-CML patients (Figure 1(d)). However, the expression
levels of KLRG1 and CD57 in the PB of DN-CML, MR-
CML patients, and HIs had no differences (data not shown).
Previous studies have found that TIGIT expression on
tumor-infiltrating NK cells was associated with colon cancer
progression and functional exhaustion of NK cells. In addi-
tion, in the setting of blocking TIGIT, NK cells not only
exert a direct antitumor ability but also enhance CD8+ T cell
function by increasing the secretion of INF-γ, TNF-α, and
CD107a [10, 11]. CD56bright NK cells mainly release cyto-
kines (INF-γ, TNF-α) to assist in the antitumor ability of T
cells, while CD56dim NK cells directly kill tumors by cytotox-
icity [20, 21]. Therefore, increased expression of TIGIT on
NK subsets may be a reason for the NK cell dysfunction in
DN-CML patients which is induced by continuous stimula-
tion of leukemia antigens and blocking TIGIT may augment
their antileukemia immune response. Further studies should
evaluate the function of NK cells expressing high level of
TIGIT in DN-CML patients and test the possibility of recov-
ering NK cell function by blocking TIGIT.

3.2. CD57+ NK Cells Are Increased in the BM of DN-CML
Patients. NK cell development and functional maturation
are complex and multistage processes that occur predomi-
nantly in the BM. Within the BM, the development of
NK cell precursors and NK cells is mediated by a variety
of cytokines and growth factors. Therefore, alterations in
the BM microenvironment deeply impact the phenotype
and function of NK cells. It is well known that the BM is
the home niche for leukemia cells and it plays an important
role in NK cell defense against tumors and viruses [22–24].
However, the number and phenotypic changes in the NK
subsets in the BM of DN-CML patients remain unclear.
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Figure 1: Increased levels of TIGIT+, TIGTI+CD56bright, and TIGIT+CD56dimCD16+ NK cells in DN-CML patients compared with MR
patients and HIs. (a) The gating strategy for CD56+, CD56bright, and CD56dim NK cells and the frequency of TIGIT, CD16, KLRG1, and
CD57 on CD56+ NK cells are shown. Forward scatter area and height (FSC-H) are used to discriminate single cells. CD45 is used to
discriminate the mature white blood cells. Monocytes and B cells are excluded using CD14 and CD19, and T cells are excluded using
CD3. CD45highCD14-CD19-CD3- population expressing CD56+, CD56highCD16+, and CD56dimCD16+ is gated as CD56+ NK cells,
CD56bright NK cells, and CD56dim NK cells, respectively, and then, the expression of CD57, TIGIT, and KLRG1 on those NK subsets are
analyzed [25]. (b) Summary of the altered distribution of CD56+ and CD56- NK cells within the CD3- population (left) and
CD3-CD56bright and CD56dimCD16+ NK cells as well as other cells within the CD3- population (right) in PB from HIs (n = 15) and DN-
CML (n = 13) and MR (n = 18) patients. (c) Frequency of CD56+, CD56bright, and CD56dimCD16+ NK cells in PB from HIs (n = 15) and
DN-CML (n = 13) and MR (n = 18) patients. (d) Proportion of TIGIT+, TIGTI+CD56bright, and TIGIT+CD56dimCD16+ NK cells in PB
from HIs (n = 15) and DN-CML (n = 13) and MR (n = 18) patients. All data are shown as medians ± quartiles. TIGIT: T cell
immunoreceptor with Ig and ITIM domain; DN: de novo; CML: chronic myeloid leukemia; HIs: healthy individuals; MR: molecular
response. The Mann–Whitney test was used for unpaired sample analysis, and p values < 0.05 were considered statistically significant.
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In this study, we analyzed 7 paired PB and BM samples
from DN-CML patients and found that a lower percentage
of mature CD56dim NK cells (36.9% vs. 73.90%, p = 0:0078)
existed in the BM of DN-CML patients compared with PB,
which was a pattern not different from what was found in
HI BM and PB (52.23% vs. 71.32%, p = 0:032) (Figures 2(a)
and 2(b)). Next, we compared the expression of TIGIT,
CD57, and KLRG1 on NK subsets in the PB and BM of
DN-CML patients and HIs. The results demonstrated that
the CD57 expression level on the BM and PB NK cell sub-
sets from DN-CML patients was approximately the same
level (Figure 2(b)). However, the expression level of CD57
on the CD56bright and CD56dim NK cell subsets was signif-
icantly lower in HI BM compared with PB (44.51% vs.
71.87%, p = 0:0032; 25.34% vs. 52.46%, p = 0:0045, respec-
tively) (Figure 2(a)). Thus, we found significantly increased
CD57 expression on CD56+ and CD56dim NK cells in DN-
CML patient BM compared with HI BM (67.80% vs.
41.70%, p = 0:0360; 76.80% vs. 44.10%, p = 0:0022, respec-
tively) (Figure 2(c)). As for the expression of KLRG1 and
TIGIT, there were no differences between DN-CML patient
PB and BM (Figure 2(b)). In addition, there were no differ-
ences between DN-CML patient BM and HI BM (data not
shown). The above results indicated that BM NK cells from
DN-CML patients have lost the normal phenotype existing
in HI BM, i.e., low expression of CD57 and KLRG1, and
increase in CD57 in particular could be a characteristic
for BM NK cells in DN-CML patients. As reported by
Lopez-Verges et al., CD57+CD56dim NK cells are a termi-
nally mature subset with a greater killer capacity, but their
proliferation ability is defective [16]. Thus, we suspect that
the BM microenvironment of DN-CML patients may stim-

ulate the terminal maturation of BM NK cells to fight
against leukemic cells at the cost of damaging their prolif-
eration function.

4. Conclusion

We first described an increased level of TIGIT in PB NK cell
subsets in DN-CML patients. We also found that NK cells
from the BM of DN-CML patients tend to have a high
expression of CD57. These results indicated that the increase
in TIGIT on PB NK cells together with the increase in CD57
on BM NK cells may explain the subdued NK cell antileuke-
mia capacity and proliferation ability in DN-CML patients.
Thus, NK cells may be considered potential immunotherapy
for DN-CML patients where blocking TIGIT on PB NK cells
could reverse their immune suppression and targeting CD57
on BM NK cells could stimulate their proliferation in future
treatment paradigms.
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MR-CML: CML patients acquiring molecular response
HIs: Healthy individuals
Ph: Philadelphia chromosome
TKIs: Tyrosine kinase inhibitors
AML: Acute myeloid leukemia
MDS: Myelodysplastic syndromes
NKG2A: Natural killer group 2A

NK cells HI-BM

CML-PB

CD57

CD57

CD57

TIG
IT

KLRG1 KLRG1

KLRG1 KLRG1

TIGIT
TIG

IT

TIG
IT

CD57

NK cells NK cells CML-BM

NK cells
HI-PB

(d)
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