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Abstract: Neoadjuvant chemotherapy (NACT) has been an increasingly used therapeutic
strategy to improve the outcome of advanced gastric cancer (GC) over the past few decades.
Lymphocytic infiltration has been reported to be associated with response to NACT, but the
immune cell subpopulation and its prognosis contributing to response in GC have not been
clarified yet. In the current study, the tumor infiltration of FOXP3+ and GARP+ regulatory
T-cells (Tregs, marked by FOXP3 and GARP) response to NACT in advanced GC and their
correlation with prognosis were evaluated. The infiltration of FOXP3+ and GARP+ Tregs in
102 patients with advanced GC who were treated with or without NACT was measured using
immunohistochemical method. The infiltration of FOXP3+ and GARP+ Tregs was significantly
decreased in the NACT group than in the non-NACT group (P=0.023 and P=0.012, respec-
tively) and significantly associated with tumor, node, metastasis stage (P=0.019 and P=0.011,
respectively). There was no significant difference in patient’s overall survival between the
NACT and non-NACT groups (P=0.166); however, patients in the NACT group with decreased
infiltration of FOXP3+ and GARP+ Tregs had longer overall survival (P=0.002 and P<<0.001,
respectively). Univariate and multivariate analyses indicated that the infiltration of GARP+
Tregs and lymph node metastasis were independent prognostic factors (P=0.038 and P=0.013,
respectively). The results demonstrated that NACT could decrease the infiltration of FOXP3+
and GARP+ Tregs, and that the infiltration of GARP+ Tregs may serve as a new prognostic
factor of human GC response to NACT.
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Introduction

Gastric cancer (GC) is the fourth most widespread tumor in the world and the second
most common cause of cancer-related deaths worldwide currently, regardless of its
decreased incidence.! Generally, survival rates for this malignancy are low, because
in most cases, patients with GC are diagnosed at advanced stage, with local exten-
sion or lymph node metastasis, when the treatment is unlikely to succeed.? Surgery
remains the only potentially curative treatment for this disease in operable stages,’
while chemotherapy for advanced GC could play an important role in improving the
prognosis of the patients.*

Neoadjuvant chemotherapy (NACT) has been investigated with different proto-
cols in order to prevent the local relapse and improve survival time of patients with
advanced GC for decades. Some studies indicated that preoperative chemotherapy is
potentially down-staging the tumor stages and improves the survival rates of patients
with advanced GC, while some studies suggested that this treatment protocol was
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hazardous.* Recently, lymphocytic infiltration associated
with response to NACT has been proposed, but the immune
cell subpopulation and its prognosis contributing to response
have not been clarified yet. Thus, studies should be investi-
gated to explore the immune cell subpopulations as predictive
factors that affect treatment response to NACT.

The role of immune response in GC is not fully under-
stood, but recent observations suggest that chemotherapy
may trigger an immune response, which may contribute to
treatment response.’ Previous studies suggested that tumor-
infiltrating lymphocytes (TILs) are deemed to play a vital
role in the immune response against malignant tumors and
the prognostic implications of TILs in GC depend on the
density and type of TILs.*'° Regulatory T-cells (Tregs) are a
kind of immunosuppressive T-lymphocytes that play a major
role in immune escape and suppressing antitumor immune
response, thus promoting tumor growth and invasion.!"!
FOXP3, a transcription factor that regulates the development
of Tregs, is considered to be a marker of Tregs. However,
recent studies indicated that FOXP3 cannot be used as a reli-
able marker for Tregs since effector T-cells also upregulate
FOXP3 expression upon activation."”> GARP is selectively
expressed only in activated human Tregs but not in activated
effector T-cells, confirming GARP to be a bona fide Treg
marker.!* Herein, both FOXP3 and GARP were considered
as the markers of Tregs.

The effect of NACT on tumor-infiltrating immune cells
and their change predict the response and prognosis of
breast cancer,' and intratumoral Tregs have been reported
in breast cancer with positive correlation between the density
of Tregs and prognosis;'® however, such report on GC has
been limited.

The aim of this study was to investigate the predictive and
prognostic value of FOXP3+and GARP+ Tregs in advanced
GC. The number of FOXP3+ and GARP+ Tregs (marked
by FOXP3 and GARP) in patients with advanced GC who
were treated with or without NACT was evaluated. Then, the
correlation of FOXP3+ and GARP+ Tregs with prognosis
and the overall survival (OS) of patients with GC who were
treated with NACT were analyzed.

Patients and methods

Patients

A total of 102 patients with GC who received surgical treatment
between 2008 and 2013 in Dongfeng Hospital, Hubei Univer-
sity of Medicine, Shiyan, People’s Republic of China, were
retrospectively evaluated. Fifty-six patients received NACT
before surgery, whereas the remaining 46 patients received
surgical treatment without NACT. The clinicopathologic data,

such as time of cancer diagnosis, chemotherapy protocol, sex,
age, clinical stage of carcinoma, histological type of tumor,
follow-up procedures, and patient’s OS, were obtained from
the Department of Oncology, Dongfeng Hospital, Hubei
University of Medicine (Table 1). The tumor, lymph node,
metastasis (TNM) staging of GC was determined according
to the American Joint Committee on Cancer.'” Follow-up
duration was defined as the time (months) from the diagnosis
of GC till the final visit. The OS was defined as the time from
the diagnosis of GC till the patient’s death (due to any cause)
or the final visit. The written informed consent for the tissue ex
vivo experimentation was obtained from all the patients. The
ethics committee of Dongfeng Hospital, Hubei University of
Medicine has approved this study (scientific research ethics
reference number 2013002).

The detailed FOLFOX6 chemotherapy protocol was as
follows: patients received oxaliplatin at 85 mg/m? (intrave-
nous [IV] injection, >2 hours), calcium folinate at 400 mg/m?

Table | Demographics and clinicopathologic characteristics of
patients

NACT non-NACT  P-value
group group
(n=56) (n=46)
Sex, n (%)
Male 36 (64.3) 26 (56.5) 0.424
Female 20 (35.7) 20 (43.5)
Age (years), n (%)
<55 20 (35.7) 22(47.8) 0.216
=55 36 (64.3) 24 (522)
Differentiation, n (%)
Well/moderately 20(35.7) 12 (26.1) 0.299
Poorly 36 (64.3) 34 (73.9)
Invasion depth, n (%)
T2 16 (28.6) 10(21.7) 0.433
T3/T4 40 (71.4) 36 (78.3)
TNM stage, n (%)
Il 24 (429) 14 (304) 0.199
I+ 1v 32(57.1)  32(69.6)
Lymph node metastasis, n (%)
No (NO) 28 (50.0) 16 (34.8) 0.123
Yes (NI, N2, and N3) 28 (50.0) 30 (65.2)
Clinical status at follow-up, n (%)
Dead or died with recurrence 28 (50.0) 30 (65.2) -
Live without recurrence 28 (50.0) 16 (34.8)
FOXP3+ Tregs
Low, n (%) 37 (66.1) 20 (43.5) 0.023
High, n (%) 19 (33.9) 26 (56.5)
GARP+ Tregs
Low, n (%) 36 (64.3) 18 (39.1) 0.012
High, n (%) 20 (35.7) 28(60.9)

Notes: T2, tumor invasion of muscularis propria; T3, tumor invasion of the subserosal
connective tissue; T4, tumor invasion of serosal or adjacent structures; well/
moderately, well/moderately differentiated carcinoma; poorly, poorly differentiated
carcinoma.

Abbreviations: NACT, neoadjuvant chemotherapy; TNM, tumor, node, metastasis;
Tregs, regulatory T-cells.
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(IV >2 hours), and 5-fluorouracil 500 mg, (IV by continuous
infusion for 44 hours). Patients received two cycles of che-
motherapy, with each cycle of 3 weeks.

Immunohistochemical staining
Conventional streptavidin peroxidase (S-P) immunohis-
tochemical (IHC) staining protocol was used in this study.
Briefly, paraffin-embedded tumor tissue blocks were cut into
species of 4 um thickness, and then they were dried, deparaf-
finized, and dehydrated. Tissue sections were treated with
1% hydrogen peroxide for 10 minutes to block endogenous
tissue peroxidase, followed by treatment with bovine serum
for 30 minutes to reduce nonspecific binding. Then, antigen
retrieval using citrate buffer (pH 6.0) was accomplished as fol-
lows: high heat microwave processing for 5 minutes followed
by low heat microwave processing for 20 minutes. All the slides
were incubated with primary rabbit antihuman FOXP3 poly-
clonal antibody (BA2032-1, 1:200 dilution, marker for Tregs;
Wuhan Boster Biological Technology, Ltd., Wuhan, People’s
Republic of China) and mouse antihuman GARP monoclonal
antibody (S1/61/69, 1:100 dilution, marker for Tregs; Zhong-
shan Golden Bridge Biotechnology, Ltd., Beijing, People’s
Republic of China) for 1 hour at 37°C and 4°C overnight,
respectively, followed by a 30-minute incubation in Ultra-
Sensitive SP Kit (Maixin-Bio, Fuzhou, People’s Republic of
China). All slides were rinsed with phosphate-buffered saline,
color was developed using 3,3’-diaminobenzidine substrate kit,
and then the slides were counterstained with hematoxylin.
The slides were examined under Olympus BX53 micro-
scope (Olympus China Co. Limited, Beijing, People’s Republic
of China) by two senior pathologists who were blinded to the
clinicopathologic data. In the case of discrepancy, a consensus
was achieved using a multiheaded microscope. Cytoplasmic
staining with FOXP3 and GARP antibodies in lymphocytes
was defined as positive. IHC staining of FOXP3 and GARP
proteins was assessed in terms of staining intensity and per-
centage of positive cells as follows: 0 (negative), 1+ (weak
staining, =10% of cells staining positive), 2+ (moderate
staining, 10%—-90% of cells staining positive), and 3+ (strong
staining, >90% of cells staining positive). The final score for
each slide was represented by the average of three representa-
tive high-power fields (x400). Scores =1+ were defined as low
expression, and scores =2+ were defined as high expression.

Statistical analysis

Statistical analysis was performed using SPSS 17.0 (IBM com-
pany, Armonk, NY, USA). The differences of FOXP3+, GARP+
Tregs, and clinicopathologic parameters between two groups
were analyzed using chi-square test. Spearman’s correlation

analysis was used to determine the correlation between
clinicopathologic features and FOXP3+and GARP+ Tregs in the
NACT group. The OS was analyzed using Kaplan—Meier method
and Cox proportional hazards regression method. All two-sided
P-values <0.05 were considered statistically significant.

Results

Patient characteristics and IHC features
The median follow-up duration was 24 months (range:
1-58 months). There were 62 male and 40 female patients;
median age at surgery was 55 years (range: 30-78 years).
The patients were divided into two groups: patients who
received NACT before surgery (NACT group, n=56) and
who did not receive NACT treatment before surgery (non-
NACT group, n=46). The patient’s characteristics are shown
in Table 1. The association of FOXP3+ and GARP+ Tregs
with clinicopathological features of advanced GC treated
with or without NACT was evaluated. It was found that
the infiltration of FOXP3+ and GARP+ Tregs in the NACT
group was significantly decreased compared to that in the
non-NACT group (P=0.023 and P=0.012, respectively).
There were no clinicopathological parameters associated
with NACT, including sex (P=0.424), age (P=0.216), dif-
ferentiation (P=0.299), TNM stage (P=0.199), invasion depth
(P=0.433), and lymph node status (P=0.123).

Positive nuclear staining with FOXP3 and GARP anti-
bodies in intratumoral tissues was considered FOXP3+ and
GARP+ Tregs. Inthe NACT group, 37 (66.1%) and 36 (64.3%)
patients showed no or low infiltration of FOXP3+ and GARP+
Tregs, respectively, and 19 (33.9%) and 20 (35.7%) patients
showed high infiltration of FOXP3+ and GARP+ Tregs,
respectively. While in patients with GC in the non-NACT
group, 20 (43.5%) and 18 (39.1%) patients showed no or low
infiltration of FOXP3+ and GARP+ Tregs, respectively, and
the other 26 (56.5%) and 28 (60.9%) patients showed high
infiltration of FOXP3+ and GARP+ Tregs, respectively. The
infiltration of FOXP3+and GARP+ Tregs in the NACT group
was less than that in the non-NACT group (Figure 1).

Association between FOXP3 and GARP
expressions with clinicopathological
parameters in the NACT group

Spearman’s correlation analysis showed that the infiltration of
FOXP3+ and GARP+ Tregs in the NACT group was not cor-
related with clinicopathologic features (all P>0.05) except
TNM stage, where I +II had lower infiltration of FOXP3+and
GARP+ Tregs (P=0.019 and P=0.011, respectively; Table 2).
The infiltration of FOXP3+ Treg was significantly consistent
with the infiltration of GARP+ Treg (P<<0.001).
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Figure | IHC staining of FOXP3 and GARP proteins was mainly observed in intratumoral tissues of GC.

Notes: The infiltration of FOXP3+ (A) and GARP+ (C) Tregs was higher in the non-NACT group than the infiltration of FOXP3+ (B) and GARP+ (D) Tregs in the NACT
group (original magnification, x200).

Abbreviations: GC, gastric cancer; IHC, immunohistochemical; NACT, neoadjuvant chemotherapy; Tregs, regulatory T-cells.

Table 2 Relationship between FOXP3 and GARP expressions and clinicopathologic parameters in the NACT group

FOXP3+ Tregs P-value GARP+ Tregs P-value
Low (n=37) High (n=19) Low (n=36) High (n=20)

Sex
Male 26 10 0.196 24 12 0.621
Female I 9 12 8

Age (years)
<55 13 7 0.900 12 8 0.621
=55 24 12 24 12

Differentiation
Well/moderately 16 4 0.104 12 8 0.621
Poorly 21 15 24 12

Invasion depth
T2 12 4 0.376 12 4 0.294
T3/T4 25 15 24 16

TNM stage
Il 20 4 0.019 20 4 0.011
I+ 1v 17 15 16 16

Lymph node metastasis
No 20 8 0.401 20 8 0.269
Yes 17 I 16 12

FOXP3+ Tregs
Low NA NA NA 33 4 0.000
High NA NA 3 16

GARP+ Tregs
Low 33 3 0.000 NA NA NA
High 4 16 NA NA

Notes: T2, tumor invasion of muscularis propria; T3, tumor invasion of subserosal connective tissue; T4, tumor invasion of serosal or adjacent structures; well/moderately,
well/moderately differentiated carcinoma; poorly, poorly differentiated carcinoma.
Abbreviations: NACT, neoadjuvant chemotherapy; TNM, tumor, node, metastasis; Tregs, regulatory T-cells; NA, no data.
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Association between OS and FOXP3 as well
as GARP expression responses to NACT

The median survival time of patients who were treated with
or without NACT was 23.5 months (range: 10—58 months)
and 26 months (range: 1-56 months). As per univariate analy-
sis, there was no significant difference between OS of both
the NACT and non-NACT groups (log-rank test, P=0.166;
Figure S1). In the NACT group, patients with a lower infil-
tration of FOXP3+ Tregs had a longer OS than patients with
a higher infiltration of FOXP3+, while in non-NACT group,

A
1.0 ’ FOXP3 P=0.002
0.8+
0.6 ‘ =
7]
o
0.4+
0.2
0.0 NACT
T T T T T T T
0 10 20 30 40 50 60
Months after surgery
C 10 } FOXP3 P=0.127
-+
0.8+ ‘ L
—
0.6 3
7))
o
0.4+
0.2
0.0+ non-NACT
] 1 I T T 1 T
0 10 20 30 40 50 60

Months after surgery

there was no correlation between patient’s OS and the infiltra-
tion of FOXP3+ Tregs (log-rank test, P=0.002 and P=0.127,
respectively; Figure 2A and B). Similarly, patients with a
lower infiltration of GARP+ Tregs in the NACT group had a
longer OS than patients with a higher infiltration of GARP+
Tregs, while in the non-NACT group, there was no correlation
between patient’s OS and the infiltration of GARP+ Tregs
(log-rank test, P<<0.001 and P=0.269, respectively; Figure 2C
and D). The OS in the NACT group was also significantly asso-
ciated with TNM stage (log-rank test, P=0.037; Figure S2).

B
1.0 GARP P=0.000
0.8
0.6 S
7]
(o]
0.4+
0.2 -
0.0 NACT
T T T T T T I
0 10 20 30 40 50 60
Months after surgery
D 10- GARP P=0.269
0.8
0.6
7))
o
0.4
0.2
0.0 non-NACT
T T 1 T T 1 T
0 10 20 30 40 50 60

Months after surgery

- Low expression
-1 High expression

~+ Low expression censored
—+ High expression censored

Figure 2 Kaplan—Meier analysis of OS.

Notes: (A) Patients in the NACT group with decreased infiltration of FOXP3+ Tregs had longer OS (log-rank test, P=0.002); (B) No significant difference was seen between the
infiltration of FOXP3+ Tregs in patients in the non-NACT group (log-rank test, P=0.127). (C) Patients in the NACT group with decreased infiltration of GARP+ Tregs had longer
OS (log-rank test, P<<0.001); (D) No significant difference was seen between the infiltration of GARP+ Tregs in patients in the non-NACT group (log-rank test, P=0.269).
Abbreviations: NACT, neoadjuvant chemotherapy; OS, overall survival; Tregs, regulatory T-cells.
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The factors found to have an effect on OS in the NACT
group were reanalyzed using Cox proportional hazards
regression method (Table 3). Among the variables, the infil-
tration of GARP+ Tregs and lymph node metastasis were
two effective independent factors for OS. Patients with GC
with higher infiltration of GARP+ Tregs and with lymph
node metastasis had an increased risk of death (P=0.013 and
P=0.038, respectively).

Discussion

NACT has been increasingly used to improve the curative
surgical resection and decrease the risk of metastasis, thus
prolonging the survival time of patients with advanced GC
over the past decades.® However, the efficacy of NACT is
difficult to evaluate because the clinical responses predict-
ing the prognostic significance of NACT vary and result in
disparate outcomes.'?

TILs in the tumor microenvironment have shown the
prognostic value in large clinical series of cancer, but the con-
tribution to the clinical and biological behavior of the tumor
depends on the TIL subtypes and density.*'° Tregs, known
as immunosuppressive T-lymphocytes, play a major role in

Table 3 Predictive factors for long-term survival by univariate
and multivariate analysis in the NACT group

n Log-rank test P-value P-value

22 value univariate multivariate
Age (years)
<55 20 1.471 0.225 0.058
=55 36
Differentiation
Well/moderately 20 0.803 0.370 0.796
Poorly 36
Invasion depth
T2 16 3.424 0.064 0.162
T3/T4 40
TNM stage
Il 24 4330 0.037 0.137
+1v 32
Lymph node metastasis
No 28 2.546 0.1l 0.038
Yes 28
FOXP3+ Tregs
High 19 9.825 0.002 0.652
Low 37
GARP+ Tregs
High 20 14610 0.000 0.013
Low 36

Notes: T2, tumor invasion of muscularis propria; T3, tumor invasion of subserosal
connective tissue; T4, tumor invasion of serosal or adjacent structures; well/
moderately, well/moderately differentiated carcinoma; poorly, poorly differentiated
carcinoma.

Abbreviations: NACT, neoadjuvant chemotherapy; TNM, tumor, node, metastasis;
Tregs, regulatory T-cells.

immune escape and suppressing antitumor immune response,
thus promoting tumor growth and invasion. Previous studies
have indicated that TILs are the potent predictive factors for
response to NACT in breast cancer, and intratumoral Tregs
have been reported with positive correlation between the
density of Tregs and prognosis in breast cancer,'*? but the
effects of NACT on GC immune response are limited.

Herein, our current study demonstrated that NACT
treatment induced significant changes in the infiltration of
FOXP3+and GARP+ Tregs resulted in a prolonged OS. First,
we evaluated intratumoral infiltration of FOXP3+and GARP+
Tregs in both the groups of patients, and then correlation
between the changes of FOXP3+ and GARP+ Tregs in the
NACT group and clinicopathological features as well as the
prognosis of GC were evaluated. NACT could decrease the
infiltration of FOXP3+ and GARP+ Tregs in tumor microen-
vironment, and the changes were positively correlated with
clinicopathological parameters and prolonged OS of advanced
GC. In addition, our results indicated that the infiltration of
GARP+ Tregs could be served as an independent prognostic
factor, which is the predictive of response to NACT.

Recently, the role of NACT in advanced GC is controver-
sial because of diverse preoperative clinical and pathological
response to NACT.? Accordingly, in the current study, figur-
ing out the potential predictive factors that represent response
to NACT is of great importance. This study demonstrated
that NACT decreased FOXP3+ and GARP+ Tregs in tumor
stroma resulted in prolonged OS. Thus, we hypothesized
that these clinical results may be partly associated with an
enhanced tumor-specific immunity related to NACT, and
the immunity of the patients with GC might be a predictive
factor of response to NACT.

It is well known that FOXP3+ Tregs are a kind of immu-
nosuppressive T-lymphocytes, and it was demonstrated that
the accumulation of FOXP3+ Tregs around tumor tissues
could promote tumor growth or distinct metastasis by
means of its immunosuppressive function in many cancers.
Previous studies have indicated that Tregs are sensitive to
chemotherapy, and the antitumor activity of chemotherapy
is mediated by depletion and suppression of Tregs and lower
number of intratumoral FOXP3+ Tregs with NACT with
the favorable prognostic effect in breast cancer.?? However,
subsequent studies found that FOXP3 was expressed in non-
Tregs and effector T-cells except for Tregs, and FOXP3 was
an intracellular marker that did not allow Treg isolation.?>?*
Therefore, efforts should be made into identifying effective
markers for Tregs.
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GARRP is a newly identified molecule on Tregs, which is
the receptor of latent transforming growth factor B of activated
Treg, and is highly expressed in activated FOXP3+ Tregs to
promote immunosuppression.”> GARP efficiently represses
the proliferation and differentiation of naive CD4+ T-cells into
T-effector cells, induces Foxp3, decreases proliferation, and
represses interleukin-2 and interferon-y productions, resulting
in differentiation of naive T-cells into an induced Treg? and
demonstrating that GARP played a key role in Tregs maturation
and function. In this study, the infiltration of GARP+ Tregs was
decreased in patients with GC who were treated with NACT
and resulted in a prolonged OS. What is more, GARP+ Tregs
but not FOXP3+ Tregs were served as the independent prog-
nostic factors in advanced GC, confirming that GARP+ Tregs
are bona fide Tregs with immunosuppressive characteristics.

Overall, the results of the current study demonstrated that
patients with advanced GC who were treated with NACT
achieved a significantly decreased infiltration of FOXP3+
Tregs, especially GARP+ Tregs, which means that immune
suppression of patients with advanced GC was significantly
relieved after NACT. However, the current study had several
limitations. There are only a small proportion of patients,
and the heterogeneity of patients’ response to NACT was
not considered in this study, which could affect the clinical
outcomes. The 5-year survival rates of the study group were
not available to follow up; hence, it would be appropriate to
repeat the OS analyses after 5 years of follow-up.

Conclusion

The current study indicated that NACT may be considered
to have effects on antitumor immune response by decreasing
intratumoral FOXP3+ and GARP+ Tregs, thus resulting in
a favorable prognosis of advanced GC. Further more, it is
the intratumoral infiltration of GARP+ Tregs, which repre-
sents the activated Tregs, but not FOXP3+ Tregs that could
be an independent prognostic predictor response to NACT
in advanced GC. However, the mechanisms leading to the
decrease in the infiltration of FOXP3+4 and GARP+ Tregs
in tumor stroma by NACT and thus promoting antitumor
immune response need to be investigated further.
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Figure S| Kaplan—Meier analysis of OS according treat.

Note: There was no significant difference in OS between patients in the NACT and
non-NACT groups (log-rank test, P=0.166).

Abbreviations: NACT, neoadjuvant chemotherapy; OS, overall survival.
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