
Abstract. Background/Aim: New therapeutic agents and
prognostic biomarkers for gastric cancer are needed. We
analyzed the composition of peripheral blood T-cell
subpopulations in response to chemotherapy in patients with
gastric cancer. Patients and Methods: Peripheral blood
samples were collected from patients diagnosed with gastric
cancer before and after chemotherapy (FOLFOX;
oxaliplatin, 5-fluorouracil, and leucovorin). Peripheral blood
mononuclear cells were isolated. Patients were divided into
responder (n=5) and non-responder groups (n=2) based on
their chemotherapy outcomes. Results: Non-responders
showed lower numbers of CD4+/total cells and CD8+/total
cells after chemotherapy compared to the responder group,
but the difference was not significant (p=0.905, p=0.095).
Naïve T, central memory T, effector memory T and effector
T-cell counts differed in both groups after chemotherapy.
Conclusion: Changes in peripheral T-cell subpopulations
after chemotherapy were confirmed in patients with gastric
cancer, which may be a prognostic predictor and
development of therapeutic agents.

Gastric cancer is the fifth most frequently diagnosed cancer
and third most frequent cause of cancer-related death
worldwide (1). Early-stage gastric cancer has a high 5-year
survival rate of more than 90%; however, lymph node
metastasis and disease recurrence are common in the
advanced stage after treatment, resulting in poor prognosis
(2). Various therapies such as radiation therapy or adjuvant
chemotherapy have been administered to patients with
gastric cancer after surgery to improve prognosis. However,
these therapies do not reduce recurrence or increase the
survival rate of patients; therefore, they are no longer
recommended for improving prognosis in patients with
gastric cancer (3, 4). Palliative chemotherapy is administered
to patients when surgery is impossible and the treatment
outcome is non-significant because of distant metastasis and
poor prognosis (5, 6).

Programmed death-ligand 1 (PD-L1) is a protein present
on the surface of cancer cells or hematopoietic cells, whereas
programmed cell death protein 1 (PD1) is a protein present
on the surface of T-cells. When PD-L1 binds to PD1, T-cells
cannot attack cancer cells (7). Recently, anti-PD1 and anti-
PD-L1 agents that prevent the binding of these two proteins
have replaced conventional cytotoxic agents (8, 9).
Immunotherapy has almost doubled the overall median
survival rates of patients with melanoma and non-small cell
lung cancer, and is being used for other cancer types (10, 11).
Biomarkers play an important role in objectively measuring
and evaluating the response of drugs to normal biological
processes, disease progression, and treatment methods, and
have clinical value when they can be easily identified such
as in peripheral blood samples (12). In patients with cancer,
understanding the difference between responders and non-
responders to specific drugs or monitoring treatment effects
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helps improve prognosis (13). Anti-PD1 agents and anti-PD-
L1 agents also cause increased expression of PD1 or PD-L1
as a therapeutic indication; in such cases, the therapeutic
effect is generally good ( 14, 15).

Gastric cancer cells generally exhibit high diversity in their
structures, making it difficult to develop new therapeutic agents
or biomarkers; additionally, conventional cytotoxic agents
result in poor clinical outcomes (16). Because of these diverse
characteristics, administering immunotherapeutic agents for
treating gastric cancer is also difficult, and thus studies of new
therapeutic agents and biomarkers is necessary (17, 18).

Therefore, this study was conducted to analyze the
characteristics of the peripheral blood T-cell subpopulation in
patients with gastric cancer before and after chemotherapy to
determine the association between the composition of
peripheral T-cell subpopulations and gastric cancer prognosis.
We investigated the use of the peripheral blood T-cell
subpopulation as a biomarker for gastric cancer prognosis and
possibility of using immunotherapy for treating this cancer. 

Patients and Methods

Study design and patient selection. Patients over 18 years of age who
were histologically diagnosed with gastric cancer at the Chungnam
National University Hospital (Daejeon, Republic of Korea) between
September 2019 and March 2020 and who had a World Health
Organization performance status of 0 or 1 were enrolled. Those with
a history of previous chemotherapy, secondary malignancy, and
inadequate renal function (serum creatinine clearance ≤60 ml/min)
were excluded. Pre-treatment clinical evaluation included
determination of the complete blood cell count with differential and
serum multichannel chemical analysis. For clinical staging, upper
gastrointestinal endoscopy with biopsy, abdominal computed
tomography, and chest radiography were performed. This study was
approved by the institutional review board of the Chungnam
National University Hospital (2019-09-047).

Chemotherapy and response assessment. The chemotherapy regimen
for all patients was the same (FOLFOX; oxaliplatin, 5-fluorouracil,
and leucovorin) and was administered at intervals of 2 weeks. Tumor
response or safety aspects were considered while adjusting the dose
and interval of the anticancer drug. Peripheral blood was collected

from all patients and analyzed before and after 3 cycles of
chemotherapy. Before each cycle, complete blood count and levels of
electrolyte and serum creatinine were analyzed, and a liver function
test was performed. A reduction in the primary tumor size was
measured as a response to chemotherapy by endoscopy and
abdominal computed tomography (CT). Complete disappearance of
lesions after endoscopy and CT was considered as a clinically complete
response (CR).Atumor size reduction greater than 50% compared with
the initial tumor size was defined as a partial response (PR). A minor
response or no change after chemotherapy was considered as stable
disease (SD). New lesions or a greater than 25% increase in primary
tumor size were considered as progressive disease (PD). Patients
showing CR, PR, and SD were considered as responders, whereas
those showing PD were considered as non-responders.

Flow cytometry and intracellular cytokine staining. The following
human antibodies were used: anti-PD-1 (FITC), anti-CD4 (PerCP-
Cy5.5), anti-CD127 (APC), anti-CD8 (AF700), and anti-CCR7
(BV786) from BioLegend (San Diego, CA, USA). Anti-CD45RA
(PE-Cy7), anti-CD3 (APC-Cy7), and anti-CD25 (BV421) were
purchased from BD Biosciences (San Jose, CA, USA). To exclude
dead cells from the analysis, the viability dye LIVE/DEAD®
Fixable Aqua (Thermo Fisher Scientific, Waltham, MA, USA) was
used as a live/dead marker. For intracellular staining of forkhead
box protein P3, the cells were fixed and permeabilized using the
Foxp3/Transcription factor staining buffer set (eBioscience, San
Diego, CA, USA) and incubated with an antibody against the T-reg
transcription factor marker for 30 min at 4˚C. After washing, the
stained cells were analyzed using BD LSR Fortessa X-20 (BD
Biosciences) and FlowJo software (TreeStar, Ashland, OR, USA).

Preparation of cryopreserved human peripheral blood mononuclear
cells (PBMCs). PBMCs were separated from peripheral blood using
lymphocyte separation medium (Corning, Inc., Corning, NY, USA)
and by gradient centrifugation, and all samples were cryopreserved
in Mr. Frosty™ Freezing Container (Thermo Fisher Scientific) at
−80˚C. The samples were then transferred to liquid nitrogen until
further use. Cryopreserved PBMCs were rapidly thawed and rested
in Roswell Park Memorial Institute 1640 medium supplemented with
10% fetal bovine serum and 1% penicillin/streptomycin (all from
Corning, Inc.) and incubated for 15 h at 37˚C in a humidified
atmosphere with 5% CO2.

Statistical analysis. Changes in PBMCs of each patient before and
after chemotherapy were analyzed using the Mann-Whitney U and
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Table I. Patient characteristics.

Age Gender Stage Initial chemotherapy regimen Response to chemotherapy

1 71 Male IV FOLFOX Progressive disease
2 68 Male IV FOLFOX Progressive disease
3 69 Female IV FOLFOX Partial response
4 76 Male IV FOLFOX Stable disease
5 63 Male IV FOLFOX Stable disease
6 49 Male IV FOLFOX Stable disease
7 55 Male IV FOLFOX Stable disease

FOLFOX: oxaliplatin, 5-fluorouracil, leucovorin.
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Figure 1. Continued



Wilcoxon tests. All analyses were performed using SPSS software
(version 19.0, SPSS, Inc., Chicago, IL, USA). p-Values were
determined using two-sided tests and values <0.05 were considered
as significant.

Results

Patient characteristics. Seven patients who were diagnosed
with gastric cancer and progressed to response evaluation
after 3 cycles of chemotherapy were enrolled in the study;
the clinical characteristics of these patients are summarized
in Table I. The results of response evaluation showed that
two patients were non-responders and five were responders
(CR: 0, PR: 1, SD: 4, and PD: 2). Among all patients, 86%
(n=6) were male and their mean age was 64.42 (9.48) years.
All patients were in stage IV, and the initial chemotherapy
regimen was the same as FOLFOX.

Peripheral T-cell subpopulations. The gating strategy used
to define T-cell subpopulations in PBMCs is summarized in
(Figure 1A). CD4+/total cell (%), CD8+/total cell (%), CD4+
(%), CD8+ (%), CD4+PD-1 (%), and CD8+PD-1 (%) of
patients in both the groups were compared (Figure 1B). In
the non-responder group, the number of CD4+/total cells (%)

and CD8+/total cells (%) decreased after chemotherapy
compared to in the responder group but the difference was
not significant (p=0.905 and p=0.095). However, CD4+ (%),
CD8+ (%), CD4+PD-1 (%), and CD8+PD-1 (%) showed no
difference before and after treatment in both groups.

Composition of T-Cell subsets change after chemotherapy.
Compositional changes in naïve T-cells (TN), central memory
T-cells (TCM), effector memory T-cells (TEM), and effector
T-cells (TEFF) before and after chemotherapy in both groups
were compared (Figure 2A). The number of CD4+ and CD8+
T-cell subsets after chemotherapy in the two groups differed,
but the difference was not significant. Each T-cell subset was
further categorized as TN/CD4+, TN/CD8+; TCM/CD4+,
TCM/CD8+; TEM/CD4+, TEM/CD8+, and TEFF/CD4+ and
TEFF/CD8+ groups to analyze the changes after
chemotherapy (Figure 2B). However, the differences between
the number of subsets in both the groups were not significant.

TCM/TEFF ratio differed between groups after
chemotherapy. In both groups, the CD4+ TCM/TEFF ratio
was similar before and after chemotherapy, whereas the
CD8+ TCM/TEFF ratio decreased after chemotherapy
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Figure 1. Peripheral T-cell subpopulations. (A) Gating strategy to define T-cell subpopulations in PBMCs. (B) CD4+ and CD8+ T-cell subpopulations
and PD1+ cell in PBMCs were compared in the responder and non-responder groups. Non-R: Non-responder; PBMCs: peripheral blood
mononuclear cells.



(Figure 3); however, the differences were not significant
(p=0.109 and p=0.156). The CD4+ TCM/TEFF and CD8+
TCM/TEFF ratios in both groups differed after
chemotherapy but the differences were not significant
(p=0.437 and p=0.062).

Changes in regulatory T-cell chemotherapy. To determine the
role of regulatory T-cells (T-reg), changes in the number of

PD1+/Fr. l, PD1+/Fr. Ll, and PD1+/Fr. lll (%) in both groups
were analyzed after chemotherapy (Figure 4A). In the responder
group, the number of PD1+/Fr. l, PD1+/Fr. Ll, and PD1+/Fr. lll
(%) did not change after chemotherapy, whereas in the non-
responder group, the number of PD1+/Fr. I and PD1+/Fr. ll (%)
decreased after chemotherapy but the difference was not
significant (p=0.238 and p=0.095). No significant difference
was observed between the number of Fr. l/CD25+CD127-/or
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Figure 2. Changes of T-cell subsets after chemotherapy. (A) Changes in CD4+ and CD8+ T-cell subsets after chemotherapy in responder and non-
responder groups. (B) Changes in TN, TCN, TEM, and TEFF ratio after chemotherapy in responder and non-responder groups. TN: Naïve T-cell;
TCM: central memory T-cell; TEM: effector memory T-cell; TEFF: effector T-cell; Non-R: non-responder.

Figure 3. Changes in TCM/TEFF ratio after chemotherapy in responder and non-responder groups. TCM: Central memory T-cell; TEFF: effector
T-cell; Non-R: non-responder.



low cells, Fr. ll/CD25+CD127-/or low cells, and Fr.
lll/CD25+CD127-/or low cells (Figure 4B) (p=0.238, p=0.381,
and p=0.667) in the two groups after chemotherapy.

Discussion

In this study, we compared the compositional changes in
peripheral T-cell subpopulations in responder and non-
responder groups of patients with gastric cancer. We observed
compositional changes in the peripheral T-cell subpopulations;
however, as the number of enrolled patients in this study was
small, significance could not be determined. However, to the
best of our knowledge, this is the first study to analyze the
compositional changes in peripheral T-cell subpopulations in
patients with gastric cancer and clinical outcomes after
chemotherapy. New treatment agents are required to treat
gastric cancer, as the efficacy of existing cytotoxic agents is
low (17, 18). The failure to maintain homeostasis between
immune activation and immune suppression plays an
important role in cancer development (19). The immune
system can act to either induce or prevent cancer, but the role
of T-cells is also important (20), as CD8+ T-cells remove
tumor cells during cancer development (21, 22). Previous
studies showed that the population of CD8+ T-cells is
significantly reduced in patients with head and neck cancer
(23). Changes in the composition of T-cell subpopulations are

associated with cancer incidence; however, in this study, we
found that changes in the composition of CD4+ cells and
CD8+ cells were associated with the prognosis of gastric
cancer, although the difference was not significant. In a
normal host, T-cell memory lasts for a lifetime because some
memory T-cells self-renew following exposure to the same
antigen (24). CD4+ and CD8+ TEM produce effector
cytokines, express perforin, and exert cytolytic activity. The
self-renewing state required to be maintained by these signals
requires a microenvironment of lymphoid organs (25). When
antigens are removed, most effector cells are eliminated,
whereas the self-renewing population is retained (26). CD4+
and CD8+ memory T-cells are correlated with the clinical
response in melanoma patients treated with ipilimumab (27).
In this study, changes in TN, TCN, TEM, and TEFF after
initial chemotherapy were analyzed, and alterations in their
composition before and after chemotherapy were observed in
both groups. In 22 patients with non-small cell lung cancer
treated with nivolumab, progression-free survival was
significantly high with a high TCM/TEFF ratio (median
survival: 91 vs. 215 days) (28). In the present study, CD4+
TCM/TEFF and CD8+ TCM/TEFF ratios did not significantly
differ between groups after chemotherapy. Changes in the T-
cell composition are considered to be related to the prognosis
of gastric cancer, and further studies are required to confirm
this hypothesis.
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Figure 4. Changes of T-cell subsets after chemotherapy. (A) Changes in PD1+/Fr. l, PD1+/Fr. ll, and PD1+/Fr. lll (%) after chemotherapy in
responder and non-responder groups. (B) Changes in Fr. l/CD25+CD127-/or low cells, Fr. ll/CD25+CD127-/or low cells, and Fr. lll/CD25+CD127-
/or low cells after chemotherapy in responder and non-responder groups. Non-R: Non-responder.



T-regs are characterized by co-expression of CD4 and
CD25, and their numbers are increased in lung, breast, and
ovarian cancers (29, 30). T-regs can be classified as Fr. l, Fr.
ll, and Fr. depending on the expression of CD4 and CD25
(31). To confirm the changes in the number of T-regs, Fr. l,
Fr. ll, and Fr. Lll were compared between groups before and
after chemotherapy. In the non-responder group, PD1+/Fr. L
and PD1+/Fr. ll (%) were decreased after chemotherapy
(p=0.238, p=0.095). Because the number of patients
analyzed was small, significant results were not observed.

Changes in peripheral T-cell subpopulations were identified
in patients with gastric cancer, and analysis was performed by
considering chemotherapy as an important aspect. One
limitation of this study is that the results are difficult to
generalize because of the small sample size of patients and the
mechanism involved in changes in T-cell subpopulations was
not determined. 

In conclusion, the composition of peripheral T-cell
subpopulations was changed in patients with gastric cancer
after chemotherapy. Although there was no statistical
significance due to the small number of enrolled patients, it
is meaningful that changes in T-cell subpopulations were
confirmed. Therefore, the possibility of an association
between the composition of peripheral T-cell subpopulations
and gastric cancer prognosis is actual. Peripheral T-cell
subpopulations may be useful as biomarkers for gastric
cancer prognosis and development of therapeutic agents.
However, further research on this is still needed.
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