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Abstract: While infection with H. pylori is a strong risk factor for gastric cancer, most H. pylori-colonized individuals,
even those with the high-risk CagA*VacA* strain, remain asymptomatic over their lifetime. We hypothesized that
the discordant outcomes were due to differences in the host immune responses. Previously, Tim-3-mediated im-
mune modulation was observed in H. pylori-challenged mice. In this study, we compared Tim-3-related responses in
CagA*VacA* H. pylori-infected asymptomatic individuals and H. pylori-associated gastric adenocarcinoma patients.
We showed that compared to H. pylori-uninfected individuals, both H. pylori-infected asymptomatic and gastric
cancer patients upregulated Tim-3 overall. However, the Tim-3 upregulation was enriched on Th1 cells in asymp-
tomatic patients and on Treg and CD8* T cells in gastric cancer patients, with respective differences in T cell subset
functions. In gastric cancer patients, high Tim-3 expression on Treg and CD8"* T cells, but not on Th1 cells, was as-
sociated with worse prognosis. H. pylori-antigen presentation by tumor-associated macrophages upregulated Tim-3
expression more effectively than by blood monocyte-derived macrophages in vitro. The upregulation of Tim-3 in vitro
depended on the concentration of H. pylori antigen but not on whether the cells were from asymptomatic or cancer
patients. These data suggest that the discrepancy in Tim-3 upregulation in asymptomatic and cancer subjects is
induced by cancer but not the other way around. Once gastric cancer is developed, Tim-3 expression is associated
with worse prognosis.
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Introduction ed protein (CagA) and the vacuolating cytotoxin
(VacA) [7, 8]. However, many individuals with
CagA and VacA positive (CagA*VacA*) H. pylori

strain do not develop cancer. Therefore, the

The positive association between gastric can-
cer development and H. pylori infection is now

well established [1, 2]. H. pylori is an extremely
common pathogen and is currently present in
more than half of the world’s population [3, 4].
Although chronic infection by H. pylori signifi-
cantly elevates the risk for a whole spectrum of
diseases, such as gastritis, gastric and duode-
nal ulceration, and gastric cancer, many of H.
pylori-infected individuals do not present any
symptoms. The propensity of cancer develop-
ment has been attributed to several bacterial
factors, such as the differences in H. pylori
strains [5-7], and the presence of certain bac-
terial proteins, including the cytotoxin-associat-

relation between H. pylori-related gastric can-
cer and host factors require further examina-
tion [9, 10].

The immune system, especially tumor antigen-
specific T cells, plays a crucial role in combating
infections and preventing de novo tumor estab-
lishment. It also combats established tumors in
a less effective manner [11, 12]. Effectiveness
of T cell-mediated antitumor immunity can be
suppressed by a number of factors, such as
the antiinflammatory antigen-presentation to
tumor-infiltrating T cells by tumor-associated
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Table 1. Demographic and clinical information of study partici-

with confirmed H. pylori infec-
tion were included. Age- and

gender-matched healthy volun-

pants
Uninfected Asymptomatic
N 13 13
Age, years 62 (55-70) 63 (55-72) 62 (53-71) >0.05

Gender (M/F) 8/5 8/5
Tumor size, cm -
Tumor stage, n (%)

I

Other

5-yr prognosis, n (%)
Alive 13 (100) 13 (100)
Deceased 0 (100) 0 (100)

4.3 (2.8-6.5)

teers who did not present any
evidence of gastroduodenal dis-
>0.05 eases, or any other infections
or inflammatory diseases were
included. These controls were
also screened for the absence
or presence of H. pylori. Biopsy
<0.001 samples from both cancer sub-
jects and healthy subjects were
homogenized in PBS (pH 7.4)

Numerical values are expressed as median (range). One-way ANOVA or Chi-

square test was used to compute P values.

macrophages (TAMs) [13-15], and the loss of
effector functions through T cell exhaustion
[16]. The expression of Tim-3 on CD4* and CD8*
T cells marks a group of terminally differentiat-
ed or functionally exhausted T cells during
chronic inflammation and cancer [17]. Blocking
Tim-3 interaction with its ligand galectin 9
increases interferon gamma (IFN-y) production
by T cells and T cell survival [18-20], and is
thought to enhance potential antitumor immu-
nity [17, 21-23]. In the case of gastric cancer
development, persistent H. pylori infection is
associated with increased cancer risk, in part
through protumorigenic effects of the immune
system [10, 24]. Interestingly, H. pylori-chal-
lenged BALB/c mice upregulate Tim-3, with
concurrent increase in Thl cytokines [25].
Whether Tim-3-mediated immune modulation
could contribute to clinical outcomes in chronic
H. pylori-infected individuals and affect tumor
prognosis requires more investigations.

In this study, the Tim-3 mediated immune
responses in H. pylori-infected asymptomatic
individuals and H. pylori-associated gastric
adenocarcinoma patients were examined. To
minimize potential differences induced by dif-
ferent H. pylori strains, only individuals with
high-risk CagA*VacA* H. pylori strain were
included.

Materials and methods
Study participants

The H. pylori-associated primary gastric adeno-
carcinoma patients were recruited from The
155th Central Hospital of PLA. Only patients
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and were cultured on trypticase
soy agar plates (Hardy Diagno-
stics) containing 7.5% sheep
blood with serial dilution. Ba-
cteria colonies were then used for DNA prepa-
ration (High Pure PCR Template Preparation
Kit, Roche) and PCR assay with a previously
published method [7] was used for the detec-
tion of cagA and vagA genes [26-28]. Only
healthy (asymptomatic) and cancer subjects
with CagA*VagA* H. pylori strains, or healthy
subjects without any H. pylori infection (unin-
fected) were included in the study. Written
informed consent was obtained from each sub-
ject. Demographic and clinical information of
all participants are listed in Table 1.

Sample preparation

A total of 100-200 mL of peripheral blood
was drawn at the arm from each participant.
Ficoll-Hypaque centrifugation was performed
to obtain peripheral blood mononuclear cells
(PBMCs). Freshly resected tumor was minced
and digested in 50 mL HBSS (Thermo Fisher
Scientific) supplemented with 40 mg collage-
nase, 4 mg DNase | and 100 U hyaluronidase
for 2 h at 37°C with shaking. The homogenized
tumor samples were then pushed through a 40
WL cell strainer and were centrifuged with Ficoll
to obtain mononuclear leukocytes. H. pylori
strain SS1 (CagA*VacA*) were grown in Brucella
broth with 5% FBS for 48 hours, harvested by
centrifugation at 2500 g for 10 min, and killed
by heating in 95°C water-bath. The killed bacte-
ria were then resuspended in complete culture
medium at 0.1 mg/mL and sonicated before
adding into the cell culture [29]. All cells were
cultured at a final concentration of 10° cells per
mL of complete RPMI 1680 media (supple-
mented with 10% FCS, 1% Penicillin-Strepto-
mycin, and 1 x GlutaMax) at 37°C and 5% CO.,,.
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Results

Characterization of Tim-3-

Figure 1. Expression of Tim-3 in CD3* T cells, in H. pylori-uninfected, H. pylori-

infected asymptomatic, and H. pylori-associated gastric cancer patients. A.
Representative gating of Tim-3* cells in CD3* T cells. Panel shown was pre-
gated on live/single/lymphocyte/CD3* T cells in one asymptomatic subject.

expressing T cells in H. pylori-
infected asymptomatic and
cancer patients

B. Summary of Tim-3 expression on total T cells, in all uninfected, asymp-

tomatic, and cancer patients. One-way ANOVA followed by Tukey’s post-test.

***P < 0.001. ns: not significant.

Cell purification

Blood and tumor-infiltrating T cells, monocytes
and tumor-associated macrophages were iso-
lated using appropriate paramagnetic beads
(Stemcell Technologies). Naive T cells were iso-
lated by sorting live purified T cells with
CD45R0*-expression in BD Aria cytometer.
Blood monocyte-derived macrophages were
obtained by culturing purified monocytes in
RPMI complete medium (replaced every 3 days)
for 6 to 8 days until enough adherent macro-
phages could be obtained.

Flow cytometry

The following anti-human antibodies and their
appropriate isotype controls were used: CCR6
(GO34E3), CXCR3 (GO25H7), Tim-3 (F38-2E2),
CD3 (HIT3a), CD4 (RPA-T4), CD8 (HIT8a),
CD45R0O (UCHL1), Foxp3 (206D), IFN-y (B27),
IL-10 (JES3-9D7), IL-17A (BL168), and TGF-B1
(TW4-2F8). Cells were washed and incubated in
Violet DEAD Cell Stain (Life Technologies) for
15 min at 4°C, washed twice, and incubated
with surface antibodies for 30 min at 4°C.
Stained cells were washed twice and stained
with intracellular antibodies using the Foxp3/
Transcription Factor Staining Buffer Set (eBios-
ceince) following manufacturer’s protocol.
Samples were sorted in BD Aria or acquired in
BD LSR Il and analyzed in FlowJo (Tree Star).

Statistical analysis
Mean + SD was shown where appropriate.

D’Agostino-Pearson normality test was first
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H. pylori challenge of mouse
lymphocytes was shown to
increase Tim-3 expression on
Th1 cells, with concurrent upregulation of Thl
cytokines (IL-2, IFN-y, and IL-12) [25]. But in
general, how these changes will likely affect
human immune responses toward H. pylori and
the clinical outcome of chronic H. pylori-infec-
tion is largely unknown. To answer this, we
examined the Tim-3 expression on T cells from
13 H. pylori-uninfected healthy controls (unin-
fected), 13 H. pylori-chronic infected asymp-
tomatic patients (asymptomatic), and 16 H.
pylori-related gastric cancer patients (cancer)
(Figure 1A). We found that in line with previous
discoveries in mice [25], the frequency of Tim-
3* cells in CD3* T cells was significantly higher
in asymptomatic subjects (13.76 + 5.73%,
mean = SD) and cancer subjects (18.21 +
5.90%) than in uninfected subjects (5.26 +
4.00%) (Figure 1B). No significant differences
were observed between the asymptomatic and
gastric cancer patients.

CXCR3 and CCR6 expression was previously
demonstrated to mark Thl, Th2 and Th17 cells
with mutually exclusive signature cytokine ex-
pression in each subset [30-32], and was uti-
lized here to distinguish Thl, Th2 and Thl7
cells (Figure 2A). Interestingly, the asymptom-
atic and gastric cancer patients presented sig-
nificantly different Tim-3 expression patterns in
T cell subsets. Notably, Tim-3 expression on
Th1 cells was significantly higher in asymptom-
atic patients than in cancer patients (Figure
2C). However, the Tim-3 expression on CD4*
Foxp3* regulatory T cells (Tregs) and on CD8*" T
cells was significantly higher in cancer patients
than in asymptomatic patients (Figure 2F and
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Figure 2. Expression of Tim-3 by T cell subsets in uninfected, asymptomatic, and gastric cancer patients. (A) Repre-
sentative gating strategy of Thd, Th2, Th17, Treg, and CD8" T cells in PBMCs from one asymptomatic subject. The
first panel shown was pre-gated on live/single/lymphocyte/CD3* T cells. (B) The frequencies of Thl, Th2, Th17,
Treg, and CD8"* T cells in asymptomatic and gastric cancer patients. The frequencies of Th1, Th2, Th17 and Treg
cells were represented as a percentage in total CD4* T cells, while the frequency of CD8* T cells were represented
as a percentage in total CD3* T cells. t test with Welch'’s correction. (C-G) The levels of Tim-3* cells in (C) Thi, (D)
Th2, (E) Th17, (F) Treg, and (G) CD8* T cells, as a percentage in each respective parent population. Gating of Tim-3*
cells was the same as in Figure 1A. One-way ANOVA followed by Tukey’s post-test. *P < 0.05. **P < 0.01. ***P <
0.001. ns: not significant.

2G). The Tim-3 expression levels on Th2 and between asymptomatic and cancer individuals
Th17 cells were not significantly different (Figure 2D and 2E).
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Figure 3. Signature cytokine expression by Tim-3* vs. Tim-3" cells in each T cell subset, in asymptomatic subjects
and gastric cancer patients. PBMCs from asymptomatic subjects or cancer patients were incubated in plain medium
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(blank) or with 2 yg/mL SEB for 12 h, in the presence of brefeldin A and monensin. The (A) IFN-y expression by Th1,
(B) IL-17 by Th17, (C) IL-10 and (D) TNF-B by Treg, (E) and IFN-y by CD8* T cells were examined in flow cytometry, by
first gating on each T cell subset and then examining the percentage of cytokine-expressing cells. Representative
intracellular staining of each cytokine was shown using sample from one cancer patient. t test with Welch’s correc-

tion. **P < 0.01. ***P < 0.001. ns: not significant.
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Figure 4. The Tim-3 expression in live or deceased
gastric cancer patients within five years. The Tim-3
expression on Thl, Treg and CD8* T cells in the gas-
tric cancer patients included in this study, grouped
according to whether the patient survived after five
years (alive) or deceased within this period. t test
with Welch’s correction. *P < 0.05. ns: not signifi-
cant.

Tim-3 expression affects T cell subset func-
tion differently in asymptomatic and cancer
patients

Tim-3 was first identified as a Th1l activation
and terminal differentiation marker [33, 34].
Tim-3 expression on cytotoxic T cells in chronic
virus-infected individuals and cancer patients
was associated with reduced proinflammatory
cytokine expression and suppressed cytotoxic-
ity [17, 20], but Tim-3 was also seen to assist in
Treg-mediated immune suppression [35, 36].
These previous studies on the multi-functional-
ity of Tim-3 seem to suggest that the different
Tim-3 upregulation patterns between asymp-
tomatic and cancer patients could result in dif-
ferent immune responses, despite a similar
overall frequency. Here, we examined the func-
tions of Tim-3* vs. Tim-3" T cells in each subset.
Superantigen Staphylococcus aureus entero-
toxin B (SEB) was used to simulate antigen-spe-
cific interaction between T cells and antigen-
presenting cells. The PBMCs from 8 asymptom-
atic subjects and 8 cancer patients were cul-
tured in plain medium (blank) or medium sup-
plemented with SEB for 12 h. Signature cyto-

3424

kine secretion from each subset was analyzed.
The Tim-3* Th1 cells expressed significantly
higher IFN-y than Tim-3" Th1 cells in asymptom-
atic subjects ex vivo (Figure 3A). After SEB stim-
ulation, Tim-3* and Tim-3" Thl cells expressed
comparable amounts of IFN-y in both asymp-
tomatic and cancer patients. This suggested
that Tim-3 expression in Thl in H. pylori-infect-
ed subjects did not mark the exhausted pheno-
type, but rather represented activated Th1 cells
ex vivo. The Th2 cell cytokines were not exam-
ined due to minimal Tim-3 expression in Th2
cells. The IL-17 expression by Tim-3* and Tim-3
Th17 cells were comparable in asymptomatic
and cancer patients, both ex vivo and after SEB
(Figure 3B). The Tim-3* Treg cells secreted sig-
nificantly higher IL-10 and TGF-B than Tim-3-
Treg cells in cancer patients ex vivo (Figure 3C
and 3D). After SEB stimulation, the expression
of IL-10 by Tim-3* Tregs was significantly higher
than that by Tim-3- Tregs, in both asymptomatic
and cancer patients (Figure 3C). In CD8* T cells
(CTLs), Tim-3* CD8" T cells expressed signifi-
cantly lower IFN-y than Tim-3- CD8* T cells in
cancer patients directly ex vivo (Figure 3E).
After SEB stimulation, the Tim-3* CD8* T cells
had significantly lower frequencies of IFN-y-
expressing cells than Tim-3-CD8* T cells in both
asymptomatic subjects and cancer patients.
Together, these results demonstrated that in
different T cell subsets, Tim-3 expression had
different effects on cytokine productions. In
general, presence of Tim-3 was associated with
elevated production of IL-10 and TGF- in CD4*
T cells and was associated with reduced pro-
duction of IFN-y in CD8" T cells.

Gastric cancer patients with worse prognosis
had higher Tim-3 expression on Treg and CD8*
T cells

The effect of Tim-3 expression on T cell subsets
on the prognosis of H. pylori-infected individu-
als was then examined. No asymptomatic indi-
viduals succumbed to gastritis, gastric or duo-
denal ulcer, or cancer over the study period; we
therefore examined the Tim-3 expression in
correlation with prognosis within the gastric
cancer group (N = 16). Gastric cancer patients

Am J Transl Res 2016;8(8):3419-3428
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Figure 5. Tumor-mediated Tim-3 upregulation in gastric cancer patients. TILs
and TAMs were harvested from freshly resected tumors from each gastric
cancer patient in this study. A. The frequencies of Tregs in CD4* T cells, and
the frequencies of CD8* T cells in CD3* T cells, in the TILs. B. The Tim-3
expression on tumor-infiltrating Tregs and CD8* T cells. C. The Tim-3 expres-
sion by T cells purified from PBMCs after coculturing with autologous blood
monocyte-derived macrophages or TAMs for 6 days. t test with Welch’s cor-

rection. *P < 0.05. ***P < 0.001.

who did not survive within five years presented
higher Tim-3 on Treg and CD8* T cells (Figure
4). The Tim-3 expression on Thl cells was not
significantly different between live and dece-
ased gastric cancer patients.

Tim-3* cells were upregulated in gastric tumor

Activated Th1 cells could mediated antitumor
immunity and was associated with better prog-
nosis, while Tim-3*Foxp3* Treg cells were th-
ought to suppress antitumor effector T cells
[22, 36]. We previously observed the preferen-
tial upregulation of Tim-3 in Thl but not Treg or
CD8* T cells in asymptomatic subjects, and vice
versa in cancer patients, but the mechanism
for inducing this preference was unknown. We
wondered whether this was due to strong sup-
pressive tumor microenvironment in gastric
cancer patients. The tumor-infiltrating lympho-

3425

The frequencies of CD8" T
cells were also higher in TILs
than in PBMCs (22.0% + 8.2%
in TIL vs. 15.5% * 3.0% in
PBMC) (Figures 2B and 5A).
The Treg and CD8* T cells in
TILs expressed significantly
higher levels of Tim-3 than
their counterparts in PBMCs
(50.4% + 16.9% in TIL vs.
34.2% + 10.5% in PBMC; for
CD8*' T, 47.2% + 11.7% in TIL
vs. 25.8% + 9.3% in PBMC)
(Figures 2F, 2G and 5B). The
TAMs are known to exhibit
M2-type and mediate immune
suppression on TILs [14, 15,
37]. We therefore examined
whether TAMs could actively
induce Tim-3 expression on
T cells. Tim-3° naive T cells
(CD45R0O") were purified from
the PBMCs and were co-cul-
tured with equal numbers of
autologous blood monocyte-derived macro-
phages or TAMSs, in the absence (blank) or pres-
ence of sonicated H. pylori for 6 days. Inter-
estingly, at the end of incubation, Tim-3 expres-
sion was significantly higher in T cells incubat-
ed with TAMs than those with blood monocyte-
derived macrophages, even without H. pylori
antigen (Figure 5C). With H. pylori, the Tim-3
upregulation was further elevated.

High dose H. pylori presentation by macro-
phages upregulated Tim-3 expression

Another possibility for the different Tim-3 up-
regulation patterns in asymptomatic and gas-
tric cancer patients is that the antigen presen-
tation by autologous macrophages might be
different between asymptomatic and gastric
cancer patients. To examine this, we incubated
monocyte-derived macrophages with autolo-

Am J Transl Res 2016;8(8):3419-3428
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Figure 6. Mechanism of macrophage-mediated Tim-3 upregulation after H. pylori stimulation. Purified T cells from
asymptomatic or cancer patients were cocultured with autologous blood monocyte-derived macrophages at 1:1 ra-
tio in the presence of H. pylori. The Tim-3 expression in total T cells was examined by flow cytometry. A. The frequen-
cy of Tim-3* T cells in five asymptomatic or five cancer patients, after stimulation with H. pylori at 1/100 dilution
(stock 0.1 mg/mL). B. The frequency of Tim-3* T cells in five asymptomatic subjects, after stimulation with H. pylori
at varying dilutions (stock 0.1 mg/mL). One-way ANOVA followed by Tukey’s post-test. *P < 0.05. ***P < 0.001.

gous Tim-3  naive T cells (CD45R0O*) with soni-
cated H. pylori. The Tim-3 upregulation on T
cells after incubation was then observed. We
found that T cells from asymptomatic individu-
als and cancer individuals expressed similar
levels of Tim-3 after coculture with H. pylori-
pulsed macrophages (Figure 6A). This effect
was dose-dependent, since incubation with a
higher does of H. pylori-antigen resulted in sig-
nificantly higher levels of Tim-3* T cells (Figure
6B).

Discussion

Chronic H. pylori infection is widespread, with a
diverse range of clinical outcomes. In vast
majority of infected subjects, the infection is
asymptomatic. However, H. pylori infection is
associated with gastritis, gastric and duodenal
ulceration, and gastric cancer gastric cancer
development in a small portion of individuals.
Although strain differences are partially acc-
ounting for this diversity, most subjects with
the high-risk strain still present no symptoms
[24, 38]. Also, H. pylori stimulation has been
shown to increase Thl cytokine expression and
upregulate Tim-3 on T cells [25]. In this study,
we examined whether the different clinical out-
comes of chronic H. pylori infection was corre-
lated with Tim-3-mediated immune responses.
We selected CagA*VacA* H. pylori-infected indi-
viduals, either with no symptoms or with gas-
tric cancer, and examined the modulation of

3426

immune responses by Tim-3. We found that
asymptomatic and gastric cancer patients pre-
sented upregulated levels of Tim-3 on T cells
overall. However in asymptomatic patients, the
Tim-3 upregulation was enriched on Th1l cells,
while in gastric cancer patients, the Tim-3 up-
regulation was enriched on Treg and CD8" T
cells. Since Tim-3 signaling presented different
functions in different cell types, this varying
upregulation pattern could results in contrast-
ing in immune responses in asymptomatic vs.
cancer individuals. We found that the Tim-3*
Th1 cells in asymptomatic subjects had signifi-
cantly higher IFN-y production compared to
their Tim-3- counterparts under directly ex vivo
conditions, while the Tim-3* Treg cells in gastric
cancer patients had significantly higher IL-10
and TGF-B production. The Tim-3* CD8* T cells
in gastric cancer patients had significantly
lower IFN-y production. It appeared that the dis-
ease status in the individuals caused the dis-
crepancies in ex vivo T cell inflammation be-
tween the asymptomatic subjects and cancer
patients, rather than the alternative hypothesis
that potential qualitative differences in T cells
responses resulted in different clinical out-
comes. This is because when the T cells were
stimulated with superantigen SEB, the discrep-
ancies between asymptomatic subjects and
cancer patients in terms of cytokine production
by Tim-3* and Tim-3° T cell subsets no longer
existed. Within the gastric cancer patients,

Am J Transl Res 2016;8(8):3419-3428
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higher Tim-3 expression on Treg cells and CD8*
T cells, but not on Thl cells, was associated
with worse prognosis, suggesting that elevated
suppressive cytokine expression by Tim-3* Treg
cells and reduced inflammation in Tim-3* CD8*
T cells resulted in worse prognosis in gastric
cancer patients.

To examine the mechanism of Tim-3 upregula-
tion, we analyzed the effects of the tumor
microenvironment. We found that compared to
their counterparts in PBMCs, Tregs and CD8* T
cells made up a significantly higher percentage
in CD3* TILs. Also, Tim-3 expression was signifi-
cantly higher on TIL Tregs and TIL CD8* T cells,
than those from PBMCs. Naive T cells isolated
from PBMCs and cocultured with autologous
TAMs showed higher Tim-3 expression, than
those cultured with autologous blood mono-
cyte-derived macrophages, with or without H.
pylori stimulation. This suggested that prefer-
ential infiltration of Tregs and CD8* T cells in
gastric tumor upregulated Tim-3 in these cell
types, which could explain the Tim-3 upregu-
lation pattern in cancer patients but not in
asymptomatic patients. To examine whether
the antigen presentation by macrophages mi-
ght have resulted in different Tim-3 upregula-
tion patterns between asymptomatic and gas-
tric cancer patients, we cocultured naive T cells
with autologous blood monocyte-derived mac-
rophages, and found that the Tim-3 upregula-
tion depended on the length of the stimulation
and the amount of H. pylori antigen. Overall, our
results showed that the presence of H. pylori
infection-related gastric cancer could alter the
peripheral T cell responses through upregulat-
ing Tim-3, which in turn affected the prognosis
of gastric cancer patients.
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