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Objective: Targeting immune checkpoints, such as PD-1, represents a promising
approach for cancer immunotherapy, achieving long-term disease remission rates
in numerous types of cancer. T cell immunoglobulin and ITIM domain (TIGIT) is a
checkpoint receptor associated with the antitumor roles of NK and T cells. Notably,
the blockade of TIGIT has been revealed as a potential promising approach in cancer
immunotherapy. However, the therapeutic potential of blocking TIGIT in myelodysplastic
syndrome (MDS) remains unclear and further research is required to reveal their role.

Methods: Fresh peripheral blood (PB) and bone marrow (BM) were obtained from
patients with MDS and healthy donors (HDs) at the Tianjin Medical University General
Hospital between January 21 2018 and March 22 2019. The present study investigated
the expression levels of TIGIT on NK and T cells using flow cytometry (FCM) and PCR. In
addition, other checkpoint receptors, such as CD226 and PD-1, were also investigated.
To determine the mechanisms of antitumor immunity, the functions of NK and T cells
expressing TIGIT were determined.

Results: TIGIT was found to be highly expressed on NK and T cells of the PB, where
it was involved in disease progression and the immune escape of MDS. The high
expression levels of TIGIT were associated with decreased NK and T cell function, and
significantly lower secretions of activation factors, such as CD107a, IFN-γ and TNF-α.
Notably, blocking TIGIT enhanced the antitumor effects of NK and T cells.

Conclusion: The results of the present study suggested that targeting TIGIT alone or in
combination with PD-1 may be a promising anticancer therapeutic strategy in MDS.

Keywords: cancer immunotherapy, CD155, CD226, MDS, TIGIT, PD-1

INTRODUCTION

Myelodysplastic syndrome (MDS) is a group of heterogeneous diseases with abnormal quality and
quantity of blood cell. It originates from hematopoietic stem cell and is characterized by peripheral
blood (PB) cytopenia, bone marrow (BM) dysfunctional hematopoiesis, and an increased risk of
progression to acute myeloid leukemia (AML) (1–3). No gold standard exists for the diagnosis
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of MDS. The prognosis is worse than that of AML, and the
survival period is short. Anemia, bleeding, infection, and other
symptoms lead to a significant decline in the quality of life of
patients, directly resulting in death (4, 5). The natural course
of disease and prognosis of patients with MDS vary widely,
with a life expectancy of several months or years. Hence,
treatment should be individualized (6, 7). Hematopoietic cell
transplantation remains the only curative treatment of MDS,
but transplant-related complications increase with age, gender,
cytogenetic subgroups, number of red blood cell transfusions (8).
Although some progress has been made in the treatment of MDS,
effective treatment for MDS is still lacking (9, 10).

T and NK cells are essential antitumor effector cells (11).
The antitumor effect is regulated by both costimulatory and
coinhibitory signaling molecules, such as PD-1, cytotoxic T
lymphocyte antigen-1 (CTLA-4), T cell immunoglobulin and
ITIM domain (TIGIT), and CD226 (12–16). TIGIT is a novel
coinhibitory receptor that is widely expressed on both T and
NK cells (17). Although TIGIT and CD226 both bind to
CD155, they exert opposite and competitive effects; CD226 is
the costimulatory counterreceptor to TIGIT; however, its affinity
with CD155 is low (18). TIGIT has been reported to inhibit
CD226 signaling by binding to CD155 at a higher affinity. It also
directly inhibits the killing effect of NK cells on tumor cells via the
ITIM region of TIGIT, which is similar to the inhibitory effect of
CTLA-4 and PD-1 on T cells, as the engagement of PD-L1 with
PD-1 also suppresses the function of T cells (17). Recent efforts
to restore the immune response by antagonizing the inhibitory
signals used by tumors have demonstrated promise. For example,
blockade of the immune checkpoints PD-1, CTLA-4, and TIGIT
has reported remarkable success in AML (19), lymphoma
(20), MDS (21), and multiple myeloma (22). Nevertheless, the
antitumor effects of TIGIT or PD-1 inhibitors alone are limited,
and further studies are urgently required.

To the best of our knowledge, the potential mechanisms
underlying the simultaneous activation of antitumor T and
NK cells by blocking TIGIT and PD-1 has not been fully
investigated. One common hypothesis is that the simultaneous
blockade of TIGIT and PD-1 may represent a novel cancer
immunotherapy by enhancing both T and NK cell-mediated
immune responses. The data from the present study identified a
potential immunosuppressive effect of TIGIT and PD-1 in MDS,
and identified the mechanism of TIGIT and PD-1 in the tumor
microenvironment by improving the functions of NK and T cells.

MATERIALS AND METHODS

Patient Samples
Fresh PB and BM were obtained from patients with MDS
and healthy donors (HDs) at the Tianjin Medical University
General Hospital between January 21, 2018 and March 22
2019. The patients were classified based on the 2016 World
Health Organization (WHO) classifications (23), according to
the age, sex, international prognostic scoring system score,
and cytogenetics. The study was performed according to
the Declaration of Helsinki and approved by the Ethics

Committee of Tianjin Medical University General Hospital.
Written informed consent for participation was obtained from
each individual.

Flow Cytometry
Single-cell suspensions were stained according to standard
protocols and subsequently stained for 30 min at 4◦C with
the following antibodies (BD Biosciences): TIGIT-FITC, CD226-
FITC, PD1-FITC, CD155-PE, CD33-APC, CD34-FITC, CD3-
PerCP, CD4-APC, CD8-PE, CD16-APC, CD56-BV421, and
CD56-PB450. CD56+ NK cells were divided into CD56+CD16−
NK (CD56bright NK) cells and CD56+CD16+ NK (CD56dim
NK) cells using an anti-human CD16 antibody (24). After
washing the suspension twice, the cells were analyzed by
FCM. The fluorescence compensation between channels was
adjusted to circle the target cell group, and the FCM data were
subsequently analyzed using Cell QuestTM Pro 4.0.2 software
(BD Biosciences).

Proliferation Assay
TIGIT+ NK, TIGIT+ CD8+ T, and TIGIT+ CD4+ T cells were
sorted by FCM and stained with 5 µmol/L carboxyfluorescein
diacetate succinimidyl ester (CFSE, BD Biosciences) for 10 min.
CFSE-labeled TIGIT+ NK, TIGIT+ CD8+ T and TIGIT+ CD4+
T cells were stimulated with 5 µg/ml anti-CD3/CD28 for 8 h.
TIGIT+ NK, TIGIT+ CD8+ T, and TIGIT+ CD4+ T cell
proliferation was evaluated by FCM.

Cell Isolation and Culture
Peripheral blood mononuclear cells (PBMCs) and bone marrow
mononuclear cells (BMMCs) were isolated using lymphocyte
separation medium (Beijing Solarbio Science & Technology,
Inc., China). NK, CD4+ T, T, and CD8+ T cells were isolated
from PBMCs by negative selection using the human NK,
T, CD4+T, and CD8+T cell isolation Kit (Miltenyi Biotec,
Bergisch Gladbach, Germany). The purity of the isolated cell
detected by FCM was up to 95%. CD33+ and CD34+ cells
obtained from BMMCs were isolated using anti-CD33 and
anti-CD34 magnetic microspheres, and LS columns according
to the manufacturers’ protocols (Miltenyi Biotec GmbH).
CD33+ and CD34+ cells from BMMCs were cultured at 37◦C
with 5% CO2 in Iscove’s medium (Invitrogen, Carlsbad, CA,
United States) supplemented with 20% fetal bovine serum
(Gibco-Invitrogen) and 100 U/mL penicillin and streptomycin
(Invitrogen). The partial sample was stored at −80◦C for
further analysis.

T and NK Cell Functional Assays
T and NK cell functions were analyzed by determining the
secretion of cytokines (IFN-γ, TNF-α and CD107a) by FCM.
T cells were stimulated with 5 µg/ml anti-CD3/CD28, whereas
NK cells were stimulated with 10 ng/ml IL-12, in RPMI-
1690 medium supplemented with 10% fetal calf serum for
12 h for the cytotoxicity assays (25). T and NK cells were
cultured with K562 cells at an effector to target ratio of
10:1 for 8 h before staining. The cells were incubated for
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10 h with 100 ng/ml phorbol myristate acetate (Sigma-Aldrich;
Merck KGaA) and 2.0 µg/ml ionomycin (Sigma-Aldrich; Merck
KGaA) to stimulate the production of cytokines. Then, cells
were washed twice and incubated with conjugated antibodies
against the following for 30 min at 4◦C: CD3, CD4, CD8,
CD56, TIGIT, IFN-γ, TNF-α, and CD107a. Following the
incubation, the cells were washed and analyzed by FCM. To
investigate the effects of blocking TIGIT alone or in combination
with PD-1, purified T and NK cells were randomized into
different groups and treated with PD-1 mAb or TIGIT mAb
for 72 h. The levels of cytokines were then analyzed in
the same manner.

Co-cultured With CD155 of BM
TIGIT+ NK, TIGIT− NK, TIGIT+ T, and TIGIT− T cells were
co-cultured with CD155 of BM at a 2:1 ratio in the presence of
5 µg/ml anti-CD3/CD28 and 10 ng/ml IL-12 for 3 days. Cells
were then washed and incubated with conjugated antibodies
against the following for 30 min at 4◦C: CD3, CD56, TIGIT, IFN-
γ, TNF-α, and CD107a. T and NK cell function test according to
the manufacturer’s instructions.

Reverse Transcription-Quantitative PCR
(RT-qPCR)
Total RNA was extracted from isolated CD33+ cells from
both HDs and patients with MDS using the RNeasy Mini
kit (Qiagen, Inc.). Total RNA was reverse transcribed into
cDNA using the NuGEN Ovation Human RNA-Seq Multiplex
system (NuGEN Technologies). The mRNA expression levels
of TIGIT, PD-1 and CD226 in NK and T cells were also
analyzed using RT-qPCR. The forward and reverse primer
sequences used for qPCR are listed in Table 1. The relative
mRNA expression levels were calculated using the 2−1 1 Cq

method, and gene expression values were normalized to the
endogenous control GAPDH.

Statistical Analysis
Data are presented as the mean ± standard deviation (SD).
Statistical differences between individual groups were analyzed
using an one-way analysis of variance (ANOVA) or a Mann–
Whitney U test on GraphPad Prism software. The correlation
between the two parameters was calculated using the Spearman’s
rank correlation coefficient. P < 0.05 was considered to indicate
a statistically significant difference.

RESULTS

Patient Characteristics and Sample Data
Patients with MDS and age and sex matched HDs were recruited.
No significant differences were observed in the sex ratio or age
between the patients with MDS and HDs (P > 0.05). Among
MDS patient subtypes (26), including MDS with single lineage
dysplasia (MDS SLD, n = 5), MDS with ring sideroblasts and
single lineage dysplasia (MDS RS SLD, n = 3), MDS with
multilineage dysplasia (MDS MLD, n = 2), MDS del(5q) (n = 4),
MDS unclassifiable (MDS-U, n = 1), MDS with excess blasts 1
(MDS EB1, n = 11) and MDS with excess blasts 2 (MDS EB2,
n = 14). The clinical characteristics of the patients are presented
in Table 2.

Proportion and Function of NK and T
Cells Is Decreased in Patients With MDS
To investigate the effects of NK and T cells in MDS, the
frequency and absolute numbers of NK and T cells in the PB
were analyzed using FCM. The absolute counts for NK and T
cell were calculated by multiplying the NK and T cell percentage

TABLE 2 | Patient and clinical characteristics.

Demographic variable MDS (n = 40)

Age

Median age, years (range) 63 (39–83)

Sex, n (%)

Female 22 (55)

Male 18 (45)

IPSS risk score, n (%)

Low (Int-1 and Int-2) 12 (30)

High 28 (70)

WHO 2016 classification, n (%)

MDS del5q 4 (10)

MDS-U 1 (2.5)

MDS SLD 5 (12.5)

MDS RS SLD 3 (7.5)

MDS MLD 2 (5)

MDS EB1 11 (27.5)

MDS EB2 14 (35)

Karyotype, n (%)

Normal 17 (42.5)

Abnormal 23 (57.5)

TABLE 1 | The primer sequences for PCR.

Target gene Primer sequences

Forward primer Reverse primer

TIGIT 5-CGTGAACGATACAGGGGAGT-3 5-GCAATGGAATCTGGAACCTG-3

CD226 5-GGCAGAAATTTCACCTCCAA-3 5-GCAAGTAGCAGCGGTAAAGC-3

PD-1 5-ACCTGGGTGTTGGGAGGGCA-3 5-GGAGTGGATAGGCCACGGCG-3

CD155 5-TCCTGTGGACAAACCAATCA-3 5-GTTACGGGACATGCCTGAGT-3

GAPDH 5-GCACCGTCAAGGCTGAGAAC-3 5-TGGTGAAGACGCCAGTGGA-3
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by the absolute count of the gated population/100. The absolute
cell numbers of NK (180.8 ± 231.5 cells/µL vs. 431.9 ± 247.5
cells/µL, p < 0.0001) and T cells (775.9 ± 378.8 cells/µL vs.
1218 ± 623.5 cells/µL p = 0.0154) was lower in patients with
MDS compared with the HDs (Table 3). The levels of NK
and T cells were significantly decreased in patients with MDS
compared with the HDs (Figures 1A,B). In addition, the NK
and T cell subgroups were also examined. Notably, significantly
increased percentages of CD56bright NK and CD4+ T cells were
identified in patients with MDS compared with the HDs, while
the percentages of CD56dim NK and CD8+ T cells observed were
significantly decreased (Figures 1C,D). The levels of NK and T
cells are presented in Table 3. Subsequently, the secretory levels of
CD107a, IFN-γ and TNF-α were analyzed to determine whether
there were differences in the functions of NK and T cells between
the patients with MDS and HDs (Figures 1E,F). Similar results
were obtained, with T and NK cells also exhibiting decreased
CD107a, IFN-γ and TNF-α levels in the patients with MDS,
indicating a poor killing capability. These data indicated that
the proportion and function of NK and T cells in patients with
MDS may be reduced, alongside the antitumor function, which is
consistent with the results of a previous study (27).

TIGIT, CD226, and PD-1 Are Aberrantly
Expressed in NK and T Cells of Patients
With MDS
To investigate whether TIGIT may serve as a potential target
in MDS, the levels of TIGIT in patients with MDS and HDs
were analyzed by FCM (Figure 2A). Interestingly, the T and NK
cells from patients with MDS had decreased expression levels of

CD226 and increased expression levels of TIGIT compared with
the HDs. A significantly increased frequency of PD-1 expression
on T cells was also observed. However, there were no significant
differences identified in the PD-1 expression levels on NK cells
between patients with MDS and HDs (data not shown). The
reason for these findings may be that PD-1 is rarely expressed on
NK cells, with expression levels of < 5% reported. In addition,
no significant differences were determined in the TIGIT and
CD226 expression levels in CD4+ T cells; however, a significant
difference was found in CD8+ T cells compared with HDs
(Table 3). These results are consistent with a previous study,
which demonstrated that TIGIT exerted a suppressive effect over
the CD8+ T cell response in AML (28). Of note, TIGIT and PD-
1 expression levels were found to be significantly increased on
CD8+ T cells compared with CD4+ T cells in patients with MDS,
whereas no significant differences were observed for CD226
expression levels between CD8+ T and CD4+ T cells (Table 3).
Previously, TIGIT was reported to be highly expressed on CD8+
T cells in myeloma, indicating that TIGIT mainly acts on T cells
by regulating CD8+ T cells (22).

Correlation Between TIGIT, CD226, and
PD-1 Expression Levels
The expression levels of TIGIT, CD226, and PD-1 in MDS were
analyzed by FCM to investigate their associations. In patients
with MDS, the expression levels of TIGIT and PD-1 were found
to be negatively correlated with the expression levels of CD226,
whereas the expression levels of TIGIT were positively correlated
with PD-1 (Figure 2B). In addition, significant differences were
discovered in TIGIT, CD226 and PD-1 expression levels between

TABLE 3 | NK, T, TIGIT, CD226, and PD-1 expression from PBMC in MDS and HDs.

MDS HD P Significance

CD56+NK (%) 5.967 ± 5.264 14.31 ± 6.148 <0.0001 ****

NK cells (cells/µL) 180.8 ± 231.5 431.9 ± 247.5 <0.0001 ****

TIGIT+NK (%) 26.97 ± 15.10 10.50 ± 10.10 0.0003 ***

CD226+NK (%) 62.21 ± 16.22 86.16 ± 7.447 <0.0001 ****

CD16+NK (%) 72.73 ± 20.17 92.12 ± 2.835 <0.0001 ****

CD16−NK (%) 22.12 ± 19.96 4.686 ± 2.355 <0.0001 ****

CD3+T (%) 53.02 ± 17.89 73.93 ± 11.04 <0.0001 ****

T cells (cells/µL) 775.9 ± 378.8 1218 ± 623.5 0.0154 *

TIGIT+T (%) 35.42 ± 15.55 18.32 ± 23.38 0.0006 ***

CD226+T (%) 53.85 ± 13.70 70.96 ± 10.25 <0.0001 ****

PD-1+T (%) 31.11 ± 15.62 12.73 ± 8.841 <0.0001 ****

CD4+T (%) 56.13 ± 14.61 38.17 ± 12.09 0.0002 ***

TIGIT+CD4+T (%) 18.18 ± 9.187 15.05 ± 15.43 0.1002 NS

CD226+CD4+T (%) 59.47 ± 19.65 67.03 ± 14.19 0.293 NS

PD-1+CD4+T (%) 17.53 ± 7.731 11.64 ± 13.15 0.0127 *

CD3+CD8+T (%) 35.02 ± 10.79 52.48 ± 11.10 <0.0001 ****

TIGIT+CD8+T (%) 49.41 ± 19.58 13.97 ± 14.76 <0.0001 ****

CD226+CD8+T (%) 60.46 ± 12.81 73.37 ± 11.79 0.0007 ***

PD-1+CD8+T (%) 47.88 ± 20.22 13.19 ± 13.03 <0.0001 ****

MDS, myelodysplastic syndromes; HDs, healthy donors; PBMCs, peripheral blood mononuclear cells; *P < 0.05, **P < 0.01, ***P < 0.005, ****P < 0.0001, NS denotes
not significant; data are presented as mean ± SD using an unpaired t-test. NK and T cell expression were analyzed between HDs (N = 20) and MDS (N = 26). The
expression of TIGIT, CD226, and PD-1 were analyzed between HDs (N = 20) and MDS (N = 30).
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FIGURE 1 | The proportion and function of T and NK cells in MDS and HDs. (A–D) Flow cytometry analysis of T (A), NK (B), NK subgroup (C), T subgroup (D)
expression levels in PB from MDS and HDs. Figure A and B shows the percentage of CD3+T cell and CD56+NK cell in all lymphocytes, respectively. Panel (C)
shows the percentage of CD56+16+NK and CD56+16−NK cells in all CD56+NK cells. Panel (D) shows the percentage of CD3+CD4+T and CD3+CD8+T cells in
all CD3+T cells. (E,F) CD107a, IFN-γ, and TNF-a were analyzed to investigate the function of NK (E) and T (F) cells between MDS and HDs. MDS, myelodysplastic
syndromes; HDs, healthy donors; PB, peripheral blood; *P < 0.05, **P < 0.01, ***P < 0.005, ****P < 0.0001, NS denotes not significant; data are presented as
mean ± SD, Statistical differences between HDs (N = 20) and MDS (N = 26) (A–D), HDs (N = 10) and MDS (N = 10) (E–F) were determined by Mann–Whitney
unpaired t-test.

Frontiers in Oncology | www.frontiersin.org 5 August 2020 | Volume 10 | Article 1595

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


fonc-10-01595 August 10, 2020 Time: 15:7 # 6

Meng et al. Targeting TIGIT in MDS

FIGURE 2 | The expression of TIGIT, PD-1, and CD226 on T and NK and correlation in MDS and HD. Flow cytometry and statistical analysis of TIGIT, PD-1, and
CD226 on T and NK in MDS and HDs by flow cytometry (A) and PCR (C). Correlation between TIGIT, CD226, and PD-1 expression level in MDS (B). Data are
pooled from two independently acquired sets of samples. MDS, myelodysplastic syndromes; HDs, healthy donors; PB, peripheral blood; *P < 0.05, **P < 0.01,
***P < 0.005, ****P < 0.0001, NS, denotes not significant; data are presented as mean ± SD, Statistical differences between HD (N = 20) and MDS (N = 30) were
determined by an unpaired t-test. Correlation coefficients (r) and p are indicated in the figure.
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patients with MDS and the HDs. Moreover, further analysis
also identified significant differences in the patients with MDS
(Figure 2B and Table 3). These results revealed that high TIGIT
expression levels were associated with higher PD-1 and lower
CD226 expression levels. The reason for these findings may be
that TIGIT and PD-1 are inhibitory receptors, while CD226
is an activatory receptor. A previous study reported that the
increased percentage of PD-1 on T cells may be associated with
lower antileukemia effects and a poor prognosis for AML (29).
As TIGIT and PD-1 are mediators of T and NK cell depletion,
these findings suggested that the elevated TIGIT and PD-1
expression levels on the NK and T cells may indicate a suppressive
environment in MDS, promoting immune evasion.

mRNA Expression Levels of TIGIT,
CD226, and PD-1
The mRNA expression levels of TIGIT, CD226, and PD-1 were
analyzed using RT-qPCR in NK and T cells. Patients with MDS
exhibited upregulated expression levels of TIGIT and PD-1, and
downregulated expression levels of CD226, compared with the
HDs (Figure 2C). In conclusion, these results demonstrated that
the expression levels of TIGIT, PD-1, and CD226 on NK and T
cells were strongly associated with the immune response in MDS.

Expression of TIGIT, PD-1, and CD226 on
NK and T Cells Is Associated With the
Disease Status
TIGIT and PD-1 were found to be overexpressed in several
types of solid tumor, which was subsequently associated with a
poor prognosis (30, 31). Thus, the expression of PD-1, TIGIT,
and CD226 derived from lower-risk and higher-risk patients
with MDS was analyzed. Relatively increased TIGIT and PD-1
expression levels, and decreased CD226 expression levels were
found in high-risk patients with MDS (Table 4). Next, whether
the decreased proportion and absolute numbers of NK and T
cells in MDS was associated with the disease status, a significantly
higher percentage and absolute numbers of NK and T cells
were identified in the lower-risk patients with MDS (Table 4).

All of these results are presented in Table 4. These results
indicated that TIGIT, PD-1, and CD226 may be associated with
the disease status and may be used as an approach to predict the
prognosis of MDS.

High Expression of TIGIT Limits the
Function of NK and T Cells
To understand the effects of TIGIT expression on NK and T
cell function in MDS, the levels of cytokines were investigated.
TIGIT+ NK, TIGIT+ CD8+ T, and TIGIT+ CD4+ T cells
exhibited decreased CD107a, IFN-γ, and TNF-α expression levels
compared with TIGIT-cells in HDs and MDS (Figures 3A,B),
suggesting a functional impairment of TIGIT+ T and TIGIT+
NK cells. In addition, TIGIT+ cells from lower-risk and higher-
risk patients with MDS were evaluated for the expression of
CD107a, IFN-γ and TNF-α on NK and T cells. TIGIT+ NK
and T cell from higher-risk patients exhibited decreased CD107a,
IFN-γ, and TNF-α expression levels compared with lower-risk
patients (Figure 3C). To define the effects of TIGIT on NK and
T cell proliferation, TIGIT+ NK, TIGIT+ CD8+ T, and TIGIT+
CD4+ T cells proliferation was evaluated by FCM (Figure 3D).
We found that the proliferation of TIGIT+ T and NK cells
was significantly increased compared to TIGIT−T and NK cells.
These results indicated that TIGIT may act as a negative immune
checkpoint in MDS, inhibit the secretion and proliferation of
cytokines and inhibit the antitumor immune response of MDS.

CD155 Is Overexpressed in CD33+ and
CD34+ Cells of the BM in MDS
TIGIT has been shown to bind to CD155, a coinhibitory ligand
overexpressed on multiple types of malignant tumor, where it was
discovered to promote tumor progression. CD155 expression on
tumor-infiltrating myeloid cells was revealed to have a negative
effect on the immune antitumor response, which is conducive to
immune evasion (32). Thus, CD155 expression levels on CD33+
and CD34+ cells of the BM in patients with MDS were analyzed
using FCM (Figure 4A). An increased trend in the percentage
of CD155 was found on CD33+ cells, where is a significant

TABLE 4 | TIGIT, CD226, and PD-1 expression from PBMC in MDS.

Low Risk (N = 11) High Risk (N = 15) P Significance

CD56+NK (%) 8.639 ± 6.443 3.982 ± 2.225 0.003 **

NK cells (cells/µL) 170.3 ± 99.24 142.7 ± 299.9 0.0043 **

TIGIT+NK (%) 18.77 ± 10.17 34.00 ± 15.35 0.0061 **

CD226+NK (%) 72.70 ± 10.28 55.65 ± 15.99 0.0057 **

CD3+T (%) 64.78 ± 8.526 44.40 ± 18.20 0.0013 **

T cells (cells/µL) 933.7 ± 383.9 660.2 ± 383.9 0.0170 *

TIGIT+T (%) 20.86 ± 9.387 39.49 ± 10.46 0.0001 ***

CD226+T (%) 61.93 ± 11.73 49.31 ± 13.39 0.0221 *

PD-1+T (%) 19.56 ± 10.16 39.59 ± 13.42 0.0006 ***

CD33+CD155 (%) 47.62 ± 26.32 67.65 ± 23.74 0.1480 NS

CD34+CD155 (%) 42.29 ± 27.15 77.94 ± 16.21 0.0433 *

MDS, myelodysplastic syndromes; PBMCs, peripheral blood mononuclear cell; *P < 0.05, **P < 0.01, ***P < 0.005; data are presented as mean ± SD using an unpaired
t-test. The expression of TIGIT, CD226, and PD-1 were analyzed in MDS between low risk (N = 11) and high risk (N = 15).
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FIGURE 3 | TIGIT limits the function of NK and T cells. Cytokine expression by TIGIT+ and TIGIT− NK and T cell in HDs (A), MDS (B), and different risk levels MDS
(C). CD107a, TNF-a, and IFN-y of TIGIT+ and TIGIT− cell was determined by flow cytometry. Statistical differences in MDS (N = 10) patients were determined by a
paired t-test. TIGIT + NK, TIGIT + CD8 + T and TIGIT + CD4 + T cells proliferation (D). *P < 0.05, **P < 0.01, ***P < 0.005, ****P < 0.0001.
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FIGURE 4 | (A) CD155 is overexpressed in CD33+ and CD34+ cell in BM of MDS patients. The CD155 expression in CD33+ and CD34+ in BM by flow cytometry
between HDs and MDS. (B) Statistical analysis of CD155 expression in CD33+ and CD34+ in BM between HDs and MDS. (C) qRT-PCR analysis of CD155
expression in CD33+ and CD34+ from MDS patients. MDS, myelodysplastic syndromes; HDs, healthy donors; BM, bone marrow; *P < 0.05, NS denotes not
significant; data are presented as mean ± SD, Statistical differences were determined by Mann–Whitney unpaired t-test.

increase in the expression levels were identified on CD34+ cells
(Figure 4B). In addition, there was no significant differences
in the expression of CD155 in CD33+ cells between patients
with high risk and low risk, while a significant difference in
CD34+ cells (Table 4). The mRNA expression levels of CD155
were subsequently determined using RT-qPCR in CD33+ and
CD34+ cells. However, no significant differences were observed
in the mRNA expression levels of CD155 in CD33+ cells between
patients with MDS and HDs, whilst a significant difference was
observed in CD34+ cells (Figure 4C). These data demonstrated
that the CD155 expression levels in CD34+ cells may play a more

important role in MDS, and that the CD155 expression in CD34+
cells may combine with TIGIT to produce an effect.

Blocking TIGIT Alone or in Combination
With PD-1 Reverses NK and T Cell
Hypofunction
To investigate the effects of blocking TIGIT alone or in
combination with PD-1, the expression levels of CD107a, IFN-γ
and TNF-α were investigated following the use of an anti-TIGIT
and anti-PD-1 antibody. The expression levels of CD107a, IFN-γ

Frontiers in Oncology | www.frontiersin.org 9 August 2020 | Volume 10 | Article 1595

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


fonc-10-01595 August 10, 2020 Time: 15:7 # 10

Meng et al. Targeting TIGIT in MDS

FIGURE 5 | PD-1 and TIGIT combination blockade increases the function of NK and T cell in MDS patients. (A) TIGIT and PD-1 blockade increases the secretion of
CD107a, TNF-a, and IFN-y in NK, CD8+T, and CD4+T from MDS. (B) TIGIT+ and TIGIT− T from NK and T cells co-cultured with CD155 of BM. Data are presented
as mean ± SD. Statistical significance was determined by non-parametric one-way ANOVA followed by Dunn’s multiple comparison test. *P < 0.05, **P < 0.01,
***P < 0.005, ****P < 0.0001.
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and TNF-α on NK, CD8+ T and CD4+ T cells were significantly
increased in response to TIGIT or PD-1 blockade, with the
most significant increases observed in the combination treatment
group (Figure 5A). Upregulated TIGIT expression levels have
been found to be associated with NK and T cell functional
exhaustion, whilst the blockade TIGIT was discovered to restore
their function. These data suggested that TIGIT and PD-1 may
have a key role in inhibiting cytokine release, thus suppressing T
and NK cell function.

CD155 Suppress TIGIT+ NK and TIGIT+ T
Cell Function
To investigate the interaction between CD155 and TIGIT,
purified CD155 of BM were co-cultured with TIGIT+ and
TIGIT− NK and T cells. The release of three different cytokines
(IFN-γ, CD107a, and TNF-α) was measured by FCM. As
expected, TIGIT− cells co-cultured with CD155 of BM exhibited
high expression of IFN-γ, CD107a and TNF-α compared to
TIGIT+ (Figure 5B). We observed a trend towards higher IFN-
γ in TIGIT− cell compared to TIGIT+ cell but no statistically
significant difference.

DISCUSSION

NK and T cells are antitumor effector cells found in the
MDS tumor microenvironment; however, their mechanisms of
promoting antitumor immunity have not been fully investigated.
Immunosuppression and immune escape are key to the success
of tumor immunotherapy. Immune checkpoint receptors, such
as TIGIT, PD-1 and CTLA-4, have been discovered to be
highly expressed in numerous types of cancer, and they are
currently being targeted to improve antitumor and T or NK
cell responses (33, 34). The blockade of PD-L1, TIGIT, PD-
1 and CTLA-4 to enhance the effector T or NK cell-mediated
antitumor immune response has demonstrated early clinical
promise as immunosuppressive therapy (35, 36). However, an
urgent problem remains in the fact that the side effects of
the drugs are significant and the curative rate remains low.
Furthermore, to the best of our knowledge, evidence supporting
the functional role of TIGIT in MDS is currently lacking.

In the present study, TIGIT, CD226, CD155, and PD-1
were all discovered to be aberrantly expressed in MDS. The
downregulation of CD226 and the overexpression of TIGIT and
PD-1 on NK and T cells contributed to reducing CD107a, IFN-
γ and TNF-α secretion, in addition to being associated with
immunosuppression. It is worthy to note that the IFN-γ and
TNF-α levels detected in the present study were secreted by
NK and T cells of PB, rather than in the microenvironment.
By contrast, in a previous study, IFN-γ and TNF-α levels
were discovered to be elevated in the BM of patients with
MDS, and inhibition of the microenvironment led to ineffective
hematopoiesis (37). In addition, other cells in the BM, such
as mesenchymal stem cells and monocytes, also secrete these
cytokines, which can also cause them to rise. An imbalance
between TIGIT and CD226 may lead to the progression of MDS.
The current study discovered that TIGIT, CD226, and PD-1

were all involved in the MDS-mediated tumor immune response
(Figure 6). Expression of TIGIT, PD-1,CD155 and CD226 is
associated with the disease status, and more highly expressed
in high-risk MDS.

Importantly, blocking TIGIT significantly increased function
of NK and T cell, the combined treatment with PD-1 further
activated NK and T cells and produced a greater antitumor
response. These results were consistent with a previous study,
which demonstrated that the blockade of TIGIT and PD-L1
markedly enhanced T and NK function, and resulted in stronger
antitumor effects (38). The dual inhibition of TIGIT and PD-
1 has been further investigated in an attempt to elicit potent
antitumor CD8+ T cell responses in patients with advanced
melanoma (39). In addition, compared with the NK cells,
blocking TIGIT alone or in combination with PD-1 caused T
cells to produce more cytokines, indicating that this inhibitory
effect mainly acts on T cells. The reason for this may be that
although TIGIT and PD-1 are co-expressed on T and NK cells,
they are found at higher levels on T cells, especially PD-1.
These results suggested that activation of TIGIT and PD-1 may
reduce NK and T cell cytotoxicity and cytokine production.
Consistently, blockade of PD-1 and TIGIT results in sustained
immunity in tumor models (12). This novel finding provides
a strong theoretical basis for the combined blockade of TIGIT
and PD-1 to enhance the antitumor response in patients with
MDS. Our results also show that TIGIT suppress NK and T cell

FIGURE 6 | TIGIT, PD-1, and CD226 in T and NK cell mediate the immune
response. Increased expression of TIGIT and PD-1 in NK and T cell induces
excessive negative regulation, leading to decreased anti-tumor function.
Although CD226 can enhance the anti-tumor effect of NK and T cell, its
binding power with CD155 is low, and TIGIT can inhibit the binding of CD226
with CD155.
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proliferation and cytokines production. Notably, the present
findings may provide evidence to suggest targeting TIGIT may
be beneficial for the treatment of MDS.

The present study also indicated that the expression of NK
cells and expression of TIGIT on NK cells may be critical to
the clinical outcomes of TIGIT based immunotherapy. However,
because TIGIT acts on both NK and T cells, it was not possible to
determine which cell type plays a greater role in the antitumor
immunity in the present study, thus further investigations are
required. Altogether, the present research provided evidence
for the role of TIGIT in the pathogenesis of MDS, alongside
suggesting a strong theoretical basis for the development of novel
therapies targeting TIGIT to restore T and NK cell functions.
However, direct evidence supporting the clinical role of TIGIT
in patients with MDS was not provided due to the lack of
animal validation. Thus, future studies should aim to test the
effectiveness and tolerance of TIGIT in in vivo models before the
results can be applied in the clinic.

CONCLUSION

In conclusion, the findings of the present study demonstrated
that the overexpression of TIGIT inhibited the activity of NK
and T cells in patients with MDS, contributing to tumor immune
escape. Notably, blocking TIGIT was demonstrated to reverse the
depletion of NK and T cells. Furthermore, the dual blockade of
TIGIT and PD-1 was observed to be more effective in improving
T and NK cell functions and antitumor immunity. The decrease
in the percentage and function of NK and T cells in patients with
MDS was associated with abnormal expression of TIGIT, CD155,
and PD-1, and low expression of CD226. In summary, targeting
TIGIT alone or combination with PD-1 may be a promising
anticancer treatment strategy in MDS.
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