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Abstract: Although neoadjuvant chemotherapy (NACT) has been increasingly used to improve the outcome of ad-
vanced gastric cancer (GC) for decades, its precise efficacy has been difficult to evaluate yet. Abundant studies have
investigated the predictive factors that represent the effect of NACT on advanced GC. In the present study, the intra-
tumoral infiltration of regulatory T cells (Tregs) and dendritic cells (DCs) response to NACT in advanced GC and their
correlation with prognosis were evaluated. Infiltration of Tregs (marked by Foxp3) and DCs (marked by S-100) in 102
advanced GC specimens with or without NACT was measured using immunohistochemical method. Intratumoral
infiltration of Foxp3 Tregs was significantly lower and DC density was significantly higher in NACT group than that in
nNACT group (P=0.007, P=0.002, respectively). Infiltration of Foxp3 Tregs was significantly associated with tumor
invasion depth (P<0.001). The DC density was significantly correlated with histopathologic type (P=0.035), invasion
depth (P=0.002), TNM stage (P=0.018), and lymph node metastasis (P<0.001). There was no significant difference
of patient’s OS between NACT and nNACT groups (P=0.452); however, patients treated with NACT had longer OS with
lower infiltration of Foxp3 Tregs (P<0.001) and higher infiltration of DCs (P=0.010). Univariate and multivariate anal-
yses indicated that infiltration of Foxp3 Tregs and DCs were independent prognostic factors (P=0.002, P=0.003,
respectively). The results demonstrated that NACT could decrease intratumoral Foxp3 Tregs infiltration and increase
DCs density, and that infiltration of Foxp3 Tregs and DCs may serve as novel prognostic biomarkers of human GC.
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Introduction

Although the incidence of gastric cancer (GC) is
decreased, it is still the second most common
cause of cancer-related death worldwide [1].
Survival rates of GC malignancy have been low
because the moment most patients diagnosed
with GC were at advanced stage, with local
extension or lymph nodes metastasis, leading
to the condition inoperable [2]. Neoadjuvant
chemotherapy (NACT) has been increasingly
used to improve the curative surgical resection,
decrease the risk of metastasis, and prolong
the survival time of patients with advanced GC
over the past decades [3]. However, it is diffi-
cult to evaluate the efficacy of NACT because

the clinical and histopathologic responses pre-
dicting the prognostic significance of NACT var-
ies and results in divergent outcomes [4, 5].
Numerous studies have investigated the predic-
tive factors that affect clinical pathologic
response to NACT.

Increasing evidences indicating that immune
cells in tumor microenvironment such as innate
immune cells [dendritic cells (DCs) and natural
Killer cells) and adaptive immune cells (T and B
lymphocytes) play an important role in the pro-
gression of tumors [6]. Tumor-infiltrating lym-
phocytes (TILs) are deemed to host the immune
response against malignant tumors, and tumor
infiltrated T lymphocytes have a good prognosis
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in various human cancers, including melanoma
[7], colorectal [8], ovarian [9], hepatocellular
[10], cervical [11], and bladder [12] carcinoma.
However, the prognostic role of TILs in GC is not
widely investigated. A previous study results
suggested that patients with high density of
CD3+, CD8+, and C45R0+ TILs had a signifi-
cantly longer survival time, indicating that the
prognostic implications of TILs in GC depends
on the density and type of TILs [13].

Regulatory T cells (Tregs), being called as immu-
nosuppressive T lymphocytes, have a major
role in promoting tumor growth and invasion by
inducing immune escape and suppressing anti-
tumor immune response [14, 15]. Forkhead
Box Protein 3 (Foxp3), a transcription factor
which regulates the development of Tregs, is
considered to be a marker of Tregs.

Effect of NACT on intratumoral Tregs has been
reported in breast cancer with positive correla-
tion between density of Tregs and prognosis
[16]; however, there was no such report on GC.

The DCs are another type of immune cells that
play an important role in antitumor immunity in
tumor microenvironment [17]. The DCs, the
most potent professional antigen-presenting
cells (APCs), are majorly involved in primary
antitumor immune response through recogni-
tion, acquisition, processing, and presentation
of tumor-associated antigens (TAA) to naive T
cells, induce T cell proliferation by cytotoxic T
lymphocytes or T helper cells, and thereby stim-
ulate antitumor immunity. A previous study has
demonstrated that NACT could improve surviv-
al time through increased DCs in breast cancer
[18]; however, such study on GC has not been
reported yet.

In the present study, intratumoral infiltration of
Tregs and DCs response to NACT in advanced
GC and their correlation with prognosis and
overall survival (0S) of patients were
evaluated.

Materials and methods

Patients

Patients with advanced GC (n=102) who
received surgical treatment between 2008 and

2013 inZhongnan Hospital of Wuhan University,
China, were retrospectively evaluated. Fifty-six
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patients received NACT before surgery, where-
as the remaining 46 patients received surgical
treatment without NACT. The clinicopathologic
data including time of cancer diagnosis, che-
motherapy protocol, gender, age, clinical stage
of carcinoma, histological type of tumor, follow-
up procedures, and patient’s living condition
were obtained from Department of Oncology,
Zhongnan Hospital of Wuhan University, China.
The histological type of tumor identified as
intestinal or diffuse was according to Lauren’s
classification [19] and TNM staging of GC was
determined according to American Joint
Committee on Cancer [20]. The written
informed consent was obtained from all
patients for the tissue ex vivo experimentation.

The detailed FOLFOX6 chemotherapy protocol
was as follows: Patients received oxaliplatin at
85 mg/m? (intravenous injection, iv>2 hours),
calcium folinate at 400 mg/m? (iv>2 hours),
and 5-fluorouracil 500 mg, (iv by continuous
infusion for 44 hours). Patients received two
cycles of chemotherapy, with each cycle of 3
weeks. All patients also received adjuvant che-
motherapy after the surgical resection of
tumors.

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.

Immunohistochemical staining

A conventional immunohistochemical (IHC)
staining protocol was used in this study. Briefly,
paraffin-embedded tumor tissue blocks were
cut into species of 4 um thickness, tissue sec-
tions were dried, deparaffinized, and dehydrat-
ed. Tissue sections were treated with 1% hydro-
gen peroxide for 10 min to block endogenous
tissue peroxidase, followed by treatment with
bovine serum for 30 min to reduce nonspecific
binding. Then antigen retrieval using citrate
buffer (pH 6.0) was accomplished as follows:
high heat microwave processing for 5 min fol-
lowed by low heat microwave processing for 20
min. All the slides were incubated with primary
rabbit anti-human Foxp3 polyclonal antibody
(BA2032-1, 1:200 dilution, marker for Tregs;
Wuhan Boster Biological Technology, Ltd.,
Wuhan, China) and mouse anti-human S-100
monoclonal antibody (S1/61/69, 1:100 dilu-
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Table 1. Foxp3 Tregs, DCs infiltration, and clinicopathologic

parameters response to NACT

Wang BC, were blinded to the clin-
icopathologic data. The average

of 10 representative hpf areas

NACT group  nNACT group P value - -~
: was used to determine the infil-
Number of patients 56 46 .
tration of Foxp3 Tregs, and the
Foxp3 Tregs (mean+SD) 11.2942.814 13.46+4.680 0.007 .
y 32 (571%) 26 (56.5%) sum of 10 representative hpf
L(.)w, n (%) 7 2% counting was regarded as density
High, n (%) 24 (42.9%) 20 (43.5%) of DCs of tumor tissue. Then the
Dendritic cells (mean+SD) 19.29+9.392 14.61+5.136 0.002 median number of Tregs and DCs
High, n (%) 28 (50.0%) 20 (43.5%) for each study group was sepa-
Low, n (%) 28 (50.0%) 26 (56.5%) rately determined. Values below
Status, n (%) and above the median level were
Event 32 (57.1%) 28 (60.9%) defined as low and high, respec-
Censored 24 (42.9%) 18 (39.1%) tively. In case of discrepancy, a
Gender, n (%) conlie:sucsj v(\;as .achleved using a
Male 35(62.5%) 34 (73.9%) 0.220 mutti-neaded microscope.
Female 21 (37.5%) 12 (26.1%) Statistical analysis
Age, n (%) . .
<55 20@57%) 22(478%) 0216 >elStoA .aga'éi'gs N
ormed usin software
>55 36 (64.3% 24 (52.2% . . ;
) « classifioat y ( ) ( o) Version 17.0. The differences of
aurens';cas& ication, n (%) . , Foxp3 Tregs, DCs, and clinico-
In.testmal 15 (26.8%) 10 (21.7%)  0.555 pathologic parameters between
Diffuse 41(73.2%) 36 (78.3%) two groups were analyzed using
Invasion depth, n (%) unpaired Student’s ttest and
T2 8 (14.3%) 6 (13.0%) 0.857 chi-square test, which were ex-
T3/T4 48 (85.7%) 40 (87.0%) pressed as meantSD. Spearman
TNM Stage, n (%) correlation analysis was used to
1+11 16 (28.6%) 10 (21.7%) 0.433 determine the correlation coeffi-
H+IV 40 (71.4%) 36 (78.3%) cients between clinicopathologic
Lymph node metastasis, n (%) features and Foxp3 Tregs and
' DCs in NACT group. The OS after
No 27 (48.2%) 16 (34.8%) 0.172 ) . .
surgical treatment with or without
Yes 29 (51.8%) 30 (65.2%)

T2, tumor invades the muscularis propria or subserosa; T3, tumor invasion
extends to or beyond the serosa; T4, tumor invades adjacent structures. P and
r values obtained using Spearman rank correlation.

tion, DCs marker; Zhongshan Golden Bridge
Biotechnology, Beijing, China) for one hour at
37°Cor 4°C overnight, respectively, followed by
a 30-min incubation in Ultra-Sensitive S-P Kit
(Maixin-Bio, Fuzhou, China). All slides were
rinsed with phosphate-buffered saline, color
developed using 3, 3’-diaminobenzidine sub-
strate kit, and then counterstained with
haematoxylin.

Intratumoral infiltration of Tregs (based on
Foxp3 staining) and infiltration of DCs in tumor
stroma (based on S-100 staining) were calcu-
lated in 10 representative high-power fields
(hpf, x400), respectively [21, 22] for each slide.
Two senior pathologists, Dr. Yang GF and Dr.
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NACT, Tregs density, and DCs
density (both cutoff by median
value) were analyzed using
Kaplan-Meier method and Cox
proportional hazards regression
method. All two-sided P-values<0.05 were con-
sidered statistically significant.

Results
Patient characteristics and IHC features

The median follow-up duration was 19 months
(range: 1-52 months). There were 69 male and
33 female patients; median age at surgery was
56 years (range: 32-78 years). The patients
were divided into two groups: Patient’s received
NACT before surgery (experimental or NACT
group, n=56) and no NACT treatment before
surgery (control or nNACT group, n=46). The
patient’s characteristics are shown in Table 1.

Int J Clin Exp Pathol 2014;7(8):4685-4694



Changes of Foxp3 Tregs and dendritic cells to neoadjuvant chemotherapy

Figure 1. A. IHC analysis of Foxp3 expression with positive nuclear staining in intratumoral tissues (x100). B. Lower
infiltration of Foxp3 Tregs in NACT group (x200). C. Higher infiltration of Foxp3 Tregs in nNACT group (x200).

Figure 2. A. IHC analysis of S-100 expression with positive nuclear and cytoplasm staining in tumor stroma (x100).
B. Higher DCs density in NACT group (x200). C. Lower DCs density in nNACT group (x200).

In NACT group, 40 (71.4%) patients were diag-
nosed with TNM stage IlI+IV cancer, while the
remaining 16 (28.6%) were diagnosed with
TNM stage I+1l cancer; and at the time of diag-
nosis, 28 patients (50.0%) had lymph node
metastasis. In nNACT group, 36 patients
(78.3%) were diagnosed with TNM stage IlI+IV
cancer, while the remaining 10 (21.7%) were
diagnosed with TNM stage I+l cancer; and at
the time of diagnosis, 30 patients (65.2%) had
lymph node metastasis. Thirty-two (57.1%)
deaths were observed during follow-up period
in NACT group vs. 28 (60.9%) deaths in nNACT
group, with median OS of 21 and 18 months,
respectively (range: 6-46 and 1-52 months,
respectively).

Positive nuclear staining with Foxp3 antibody in
intratumoral tissues were considered Foxp3
Tregs (Figure 1A) and positive nuclear and cyto-
plasm staining with S-100 antibody in tumor
stroma were considered DCs (Figure 2A). The
median infiltration of Foxp3 Tregs in NACT
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group was 10/hpf vs. 12/hpf in nNACT group.
The median infiltration of DCs was 16.5/10hpf
in NACT group vs. 15/10hpf in nNACT group.
The number of Foxp3 Tregs in NACT group was
less than that in nNACT group (Figure 1B, 1C),
while DCs in NACT group was more than that in
nNACT group (Figure 2B, 2C).

Association of intratumoral Foxp3 Tregs, DCs
infiltration, and clinicopathologic features with
NACT in advanced GC

The association of intratumoral Foxp3 Tregs
and DCs infiltration with clinicopathological fea-
tures of advanced GC with or without NACT was
evaluated (Table 1). It was found that intratu-
moral Foxp3 Tregs and DCs infiltration in tumor
stroma were associated with NACT. Intratumoral
Foxp3 Tregs in NACT group (11.29+2.814) was
lower than that in nNACT group (13.46+4.680;
P=0.007). Density of DCs in tumor stroma in
NACT group (19.2949.392) was significantly
higher than that in nNACT group (14.61+5.136;
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respectively. Per univariate
analysis, there was no signifi-
cant difference between OS
of both NACT and nNACT
groups (log-rank test,
P=0.452) (Figure 4). In NACT
group, patients with a lower
intratumoral Foxp3 Tregs infil-
tration had a longer OS than
patients with a higher intratu-
moral Foxp3 Tregs infiltration
(log-rank  test, P<0.001)
(Figure 5A). On the contrary,
patients in NACT group with a
higher infiltration of DCs in

NACT (n=58)
Treatment

Figure 3. Intratumoral Foxp3 Tregs and DCs infiltration in NACT group vs. in

nNACT group. Hpf, high-power field.

P=0.002) (Figure 3). There was no clinicopatho-
logical parameters associated with NACT,
including gender (P=0.220), age (P=0.216),
Lauren’s classification (P=0.555), TNM stage
(P=0.433), invesion depth (P=0.857), and
lymph node status (P=0.172).

Association between intratumoral Foxp3 Tregs
and DCs infiltration with clinicopathological
parameters in NACT group

Spearman’s correlation analysis showed that
Foxp3 Tregs infiltration in NACT group was not
correlated with clinicopathologic features (all
P>0.05) except invasion depth, where deeper
invasion depth had more infiltrated Foxp3 Tregs
(P<0.001, r=-0.471). However, DCs infiltration
and various GC pathological features were cor-
related (Table 2): DCs infiltration in intestinal
type was less than in diffuse type (P=0.035,
r=-0.282), whereas higher DCs infiltration was
observed with deeper invasion and higher TNM
stage (P=0.018, r=0.316, and P=0.002,
r=0.408, respectively). There were more DCs
infiltration in cases without lymph node metas-
tasis than cases with lymph node metastasis
(P=0.000, r=0.465).

Association between OS and intratumoral
Foxp3 Tregs as well as DCs infiltration re-
sponse to NACT

The median survival time of patients with or
without NACT was 21 months (range: 6-46
months) and 18 months (range: 1-52 months),
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T
ANACT {n=18)

tumor stroma resulted in pro-
longed 0OS (log-rank test,
P=0.010) (Figure 6A). On con-
trast, in NnNACT group, there
was no correlation between
patient’s OS and intratumoral
Foxp3 Tregs or DCs infiltration (log-rank test,
P=0.191 and P=0.091, respectively) (Figures
5B, 6B).

The factors found to have an effect on OS in
NACT group were reanalyzed using Cox propor-
tional hazards regression method (Table 3).
Among the variables, number of Foxp3 Tregs
and DCs were two effective independent fac-
tors for OS. Patients with GC with higher num-
ber of Foxp3 Tregs had a 7.6-fold increased risk
of death [hazard ratio (HR) 7.599 (2.155-
26.802); P=0.002]. Similarly, patients with GC
with less DCs infiltration had a 4.6-fold
increased risk of death [HR 4.617 (1.695-
12.578); P=0.003].

Discussion

Diagnosis of GC in most patients occurs at an
advanced disease stage, with local extension
or lymph nodes metastasis. NACT has been
increasingly used to improve the curative surgi-
cal resection, decrease the risk of metastasis,
and prolong the survival time of patients with
advanced GC over the past decades; however,
its efficacy is difficult to evaluate because clini-
cal and histopathologic response predicting the
prognostic significance to NACT varies.In this
study, effect of NACT on intratumoral Tregs and
DCs infiltration as well as clinicopathological
features of patients with advanced GC were
investigated. Further correlation between
changes on Tregs and DCs density with clinico-
pathological features and prognosis of patients

Int J Clin Exp Pathol 2014;7(8):4685-4694
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Table 2. Correlation between Foxp3 Tregs and DCs density with clinicopathological parameters in

NACT group
Foxp3 Tregs Dendritic cells
(number of patients)  Pvalue rvalue (number of patients) Pvalue rvalue
Low High High Low
Lauren’s classification
Intestinal 7 8 0.347 -0.128 4 11 0.035 -0.282
Diffuse 25 16 24 17
Invasion depth
T2 0 8 0.000 -0.471 8 0 0.002 0.408
T3/T4 32 16 20 28
TNM Stage
I+11 8 8 0.503 -0.091 12 4 0.018 0.316
H+1v 24 16 16 24
Lymph node metastasis
No 15 12 0.821 -0.031 20 7 0.000 0.465
Yes 17 12 8 21

T2, tumor invades the muscularis propria or subserosa; T3, tumor invasion extends to or beyond the serosa; T4, tumor invades
adjacent structures. P and r values obtained using Spearman rank correlation.
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Figure 4. Analysis of OS between two groups. There
was no significant difference between OS of patients
treated with or without NACT (log-rank test, P=0.452).

with advanced GC were evaluated. The results
demonstrated that there was no direct correla-
tion between clinicopathological parameters of
advanced GC and NACT. The OS of patients was
not associated with NACT. However, it was
found that NACT could decrease Foxp3 Tregs
and increase DCs infiltration in tumor microen-
vironment, and the changes were positively cor-
related with clinicopathological parameters of
advanced GC. Moreover, the OS was longer in
patients with less intratumoral Foxp3 Tregs and
more DCs infiltration. In addition, univariate
and multivariate analyses indicated that infil-
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tration of Foxp3 Tregs and DCs were indepen-
dent prognostic factors.

Presently, the role of NACT in advanced GC is
controversial because of diverse preoperative
clinical and pathological response to NACT,
results in varying predictive prognosis. A previ-
ous clinical trial have shown that NACT improved
the OS of patients with advanced GC by means
of down-staging the tumor, and thus improving
the curative resectability of locally advanced
tumors [23], while other studies indicated that
NACT has no direct effect on the survival of
patients with advanced GC, but could improve
the factors that predicts the survival such as
RO resection status and tumor resection rate
[24, 25]. Accordingly, in the present study, figur-
ing out the potential predictive factors that rep-
resent clinical and histopathologic response to
NACT would be considered as the key. In the
present study, it was found that NACT could
decrease intratumoral Foxp3 Tregs and
increase DCs infiltration in tumor stroma. The
decreased infiltration of Foxp3 Tregs was
inversely correlated with advanced GC inva-
sion, whereas increased infiltration of DCs was
positively correlated with advanced GC clinico-
pathological features, including invasion depth,
TNM stage, and Ilymph node status.
Furthermore, patients with lower number of
Foxp3 Tregs and higher number of infiltrated
DCs in tumor tissues resulted in prolonged OS.
Thus, the authors of this study hypothesized

Int J Clin Exp Pathol 2014;7(8):4685-4694
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Figure 6. Comparison of OS with DC intensity in tumor stroma in NACT group (A) and nNACT group (B).

that these clinical results may be partly associ-
ated with an enhanced tumor-specific immunity
related to NACT, and the immunity of the host
might be a predictive factor on clinicopatholog-
ic response to NACT.

It is well known that Foxp3 Tregs is a kind of
immunosuppressive T lymphocytes. In preclini-
cal studies of many cancers, it was demonstrat-
ed that the accumulation of Foxp3 Tregs around
tumor tissues was activated by chemokines
secreted from tumor cells and macrophages,
which in turn promoted the tumor growth or dis-
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tinct metastasis by means of its immunosup-
pressive function. Previous studies have indi-
cated that Tregs are sensitive to chemotherapy,
and the anti-tumor activity of chemotherapy is
mediated by depletion and suppression of
Tregs in breast cancer [26, 27]. Liu et al [16].
demonstrated the favorable prognostic effect
of lower number of intratumoral Foxp3 Tregs
with NACT. In consistent with previous study
results, a significant decrease in the infiltration
of Foxp3 Tregs after NACT in GC was observed
in this study. Consequently, the predictive role
of Tregs to NACT was established.

Int J Clin Exp Pathol 2014;7(8):4685-4694
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Table 3. Predictive factors of survival on univariate and multivariate analysis in NACT group

" b* nvariote_ muttivariate 122319 Ratio 95% C
Foxp3 Tregs
Low 32 - 0.000 0.002 7.599 (2.155-26.802)
High 24
Dendritic cells
High 28 + 0.010 0.003 4.617 (1.695-12.578)
Low 28
Age
<55 20 + 0.017 0.645 1.349 (0.378-4.812)
>55 36
Lauren’s classification
Intestinal 15 + 0.065 0.258 1.790 (0.652-4.917)
Diffuse 41
Invasion depth
T2 8 + 0.720 0.890 1.130 (0.201-6.361)
13/T4 48
TNM Stage
1+l 16 + 0.191 0.084 0.352(0.108-1.151)
+Iv 40

b* regression coefficient.

The DCs are the most important kind of special-
ized APCs that acquire, process, and present
TAA to naive T cells for the induction of antigen-
specific tumor immune responses, through
which the body could play an important role in
cancer immunosurveillance. However, during
tumor progression, tumor cells may evade this
immune response, which is called “Tumor
Immune Escape”, by blocking the infiltration of
DCs [28, 29]. Pinedoa et al [18] have indicated
that NACT enhanced the DC activation in tumor
microenvironment and consequently improved
the survival of patients with breast cancer.
Tabachnyk et al [30] have demonstrated that
NACT increased the DCs infiltration in tumor
microenvironment and resulted in better out-
come of patients with head and neck cancer.
Similarly, in this study, it was found that DCs
density was increased due to NACT and the
patient’s OS prolonged with higher DCs infiltra-
tion in tumor stroma.

The present study had several limitations. First,
the primary objective of this study was to inves-
tigate predictive factors that affect clinical
pathologic response to NACT; hence, changes
of Treg and DC infiltration to NACT was evaluat-
ed, but only in a small proportion of patients.
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Second, the heterogeneity of patients to NACT
was not considered in the present study, which
could affect the clinical outcomes. Third, the
5-year survival rates of the study group were
not able to follow up. Hence, it would be appro-
priate to repeat the OS analyses after 5 years
of follow-up.

In conclusion, the present study indicated that
NACT may considered to have effects on anti-
tumor immunity by decreasing intratumoral
infiltration of Foxp3 Tregs and increasing DCs
density in tumor stroma, and thus resulted in
an improved prognosis of advanced GC. The
intratumoral infiltration of Foxp3 Tregs and DCs
could be independent prognostic predictors for
advanced GC. However, the mechanisms lead-
ing to the decrease of intratumoral Foxp3 Tregs
infiltration and increase of DCs density in tumor
stroma by NACT and thus promoting anti-tumor
immunity remain unclear. Therefore, the poten-
tial role of NACT in advanced GC treatment and
their underlying mechanisms must be investi-
gated further.
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