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Abstract
Background: TFF1 deficiency induces a mucosal pro-inflammatory phenotype that contributes to gastric
tumorigenesis in mouse and human. Methods: We utilized the Tff1-KO mouse model to assess the impact of
TFF1 loss on immune cells infiltration in the stomach. We used single cell suspension, flow cytometry,
immunohistochemistry, and quantitative PCR (qPCR) assays. Results: The Tff1-KO gastric mucosa
demonstrated high chronic inflammatory scores (score: 3-4) at age 2 months, which exacerbated at age 8
months (score: 4-6). We next used single-cell suspensions for flow cytometry analysis of total leukocytes
(CD45+ cells), total T lymphocytes (CD45+CD3+cells), T cell subsets (CD4+, CD8+, and
CD3+CD4–CD8–cells), and monocytes/macrophages (CD45+F4/80+cells). The results demonstrated an
age-dependent (2  8 month age) significant increase of leukocytes (p<0.05), T cells (p<0.05), and
monocytes/macrophages (p<0.001) in the gastric mucosa of the Tff1-KO mice, as compared to Tff1-WT. A
similar increase was observed in blood samples (p<0.05). Using ionomycin to activate CD4+ splenocytes, the
results indicated that Tff1-KO CD4+ splenocytes secreted higher levels of IL-17A (p<0.05 at 2 and p<0.001 at
8 months) and IL-17F (p<0.05 at 2 and 8 months) than Tff1-WT splenocytes. Conversely, Tff1-KO CD8+-cells
secreted less IL-17F, but comparable levels of IL-17A. In addition, we detected a significant upregulation of
Il-17 mRNA expression in gastric tissues in the Tff1-KO, as compared to Tff1-WT (p<0.001). Conclusions:
The results identify TFF1 loss as a major pro-inflammatory step that modulates the tumor microenvironment
and immune cell infiltration in the stomach. Furthermore, the data suggest that the increase of IL-17A and
IL-17F in Th17 cells, derived from CD4+ T cells, reflects the chronic inflammation in gastric mucosa, whereas
the absence of change of IL-17A and decrease of IL-17F in CD8+Tc17 cells suggest loss of cytotoxic function
of CD8+Tc17 cells during gastric tumorigenesis of the Tff1-KO mice.
Key words: TFF1, Immune cells, CD8, lymphocytes, Il-17, gastric cancer.

Introduction
The concept that interaction between immune
cells and the microenvironment is actively involved in
tumor development has gained extensive interest in
recent years. The immune system is in fact an
important
determinant
of
the
tumor
microenvironment [1, 2]. Immune cells have the

capability to eradicate malignancy through
inflammation as a protective physiological response
to repair damaged tissues and restore homeostasis.
Alternatively, they can promote carcinogenesis
through deleterious chronic inflammation that leads
to accumulation of DNA damage and mutations [3, 4].
http://www.jcancer.org
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Chronic inflammation is characterized by a sequence
of events produced in response to recognition of
pathogens or tissue damage involving infiltration of
immune cells and soluble mediators such as cytokines
of the innate and adaptive immune system [5]. The
presence and significance of leukocytic infiltration in
developing neoplasms are now undisputed [6-8].
Certain leukocytes, cytotoxic T lymphocytes and
natural killer cells, have the potential to eradicate
malignant cells [9-11]. On the other hand, some
leukocytic cell types, most notably innate immune
cells such as immature myeloid cells, T cells, and
macrophages, can instead potentiate tumor
progression [9-11].
IL-17 is a family of cytokines composed of 6
members (IL-17A-F) [12]. While IL-17A and IL-17F are
the signature cytokines defining CD4+ Th17 cells [13],
it should be noted that IL-17 can also be produced by
CD8+ Tc17 [14]. Previous studies have shown that
Th17 cells and associated cytokines were present at
significant levels during the progression and
metastasis of gastric cancer [15, 16]. However, the role
of Tc17 in tumor immunity against gastric cancer
remains unclear. Of note, IL-17 (Tc17) promoted
antitumor immunity against B16 melanoma in mice
[17]. Th17 and Tc17 both express the transcription
factor retinoic acid receptor-related orphan receptor
gamma t (RORγt), which acts as a molecular
determinant for their polarization and is necessary
and sufficient for IL-17 expression [18, 19].
TFF1 is a small-secreted protein predominantly
expressed by the gastric epithelia, in the upper
portion of the glandular pits [20]. A number of studies
have shown that TFF1 functions as a gastric tumor
suppressor gene [21-26]. In human, more than half of
gastric
adenocarcinomas
demonstrate
downregulation of TFF1 expression by molecular
mechanisms that include deletions, mutations, loss of
heterozygosity, and promoter hypermethylation
[27-30]. In a mouse model, loss of Tff1 in the
Tff1-knockout (KO) leads to chronic inflammation and
the development of gastric neoplasms at the
antropyloric gastric regions [23, 24, 31]. The use of
non-steroidal anti-inflammatory cox-2 inhibitor
(celecoxib) in this mouse model led to a significant
decrease in expression of inflammatory cytokines
with 50% reduction in occurrence of gastric
neoplasms [23]. However, the roles TFF1 in regulating
inflammation and the development of cancer are not
fully understood.
In this report, using the Tff1-KO mouse model,
we characterized the immune cells in the gastric tissue
microenvironment to identify cell populations that are
involved in chronic inflammation and the
development of gastric neoplasms in this model. Our
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findings demonstrate an increase in the number of
infiltrating immune cells and secretion of IL-17
through Th17 immune cells in the Tff1-KO mice
gastric tissues.

Materials & Methods
Animals
Animals and histologic evaluation
The Tff1-knockout (KO) and normal Tff1
wild-type mice (WT) [21] were used in this study. All
animal studies were approved by the Institutional
Animal Care and Use Committee at Vanderbilt
University Medical Center. Following euthanasia,
animals were dissected through midline incision of
the abdomen. Stomachs from Tff1-KO and Tff1-WT
were removed, cut along the lesser curvature, washed
with PBS, and opened to lie flat. The stomachs were
examined visually for abnormalities, size and number
of individual gastric tumors and photographed. The
stomach was cut into symmetrical halves where
one-half was snap frozen and the other half was
submerged in 10% buffered formalin solution,
embedded in paraffin, and processed for standard
H&E staining. Histopathology and chronic
inflammation scores were evaluated at 2 months of
age in Tff1-WT (n=29) and Tff1-KO (n=17) and at ≥8
months age in Tff1-WT (n=32) and Tff1-KO (n=122).

Immunohistochemical assessment
Formalin-fixed, paraffin-embedded sections of
gastric tissues from Tff1-WT and Tff1-KO mice at age
2 and 8 months were cut at 5 microns. For CD3
staining, antigen retrieval was performed in pH 6.0citrate buffer, by using a pressure cooker at 104°C for
20 minutes with a 10-minute bench cool down,
followed by quenching with 0.03% H2O2 w/sodium
azide for 5 minutes. After blocking with Dako X0909
serum-free protein block for 15 minutes, the samples
were incubated with CD3 Dako cytomation rabbit
polyclonal primary antibody at 1:100 dilution for an
hour. For F4/80 staining, antigen retrieval was
performed by incubating samples with Proteinase K
for 5 minutes, and quenching with 0.03% H2O2
w/sodium azide for 5 minutes. Sections were
incubated for one hour with rat anti-mouse F4/80
primary antibody at 1:100 dilution followed by a
second
incubation
with
rabbit
anti-rat
immunoglobulin at 1:100 dilution for 20 minutes. For
detection of CD3 and F4/80, we used DAKO EnVision
+ HRP Labeled Polymer (Agilent Technologies, Santa
Clara, CA) for 30 minutes followed by incubation
with chromogen DAB+ for 5 minutes.

http://www.jcancer.org
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Flow cytometry of gastric and blood
leukocytes
Enzymatic dissociation of gastric cells was
performed on freshly resected antropyloric gastric
tissues using 1 mg/mL collagenase A, 1 mg/ml
collagenase B, and 100 µg/ml DNase I in RPMI 1640
medium with 5% FBS for 30 minutes at 37°C, with
intermittent agitation. Homogenates were then
filtered through a 70 µm cell strainer. Single cell
suspensions were washed with cold PBS then stained
for flow cytometry after blocking of Fc receptors with
CD16/CD32 for 20 minutes at 4°C (BD Biosciences,
clone 2.4G2). Antibodies used for flow cytometry
were as follows: Brilliant Violet 510 (BV510)conjugated anti-CD45 antibody (BioLegend, San
Diego, CA, clone 30-F11), peridinin chlorophyll
protein-cyanin-5.5 (PerCP-Cy5.5)-conjugated antiCD3
antibody
(BioLegend,
clone
17A2),
phycoerythrin-cyanin-7 (PE-Cy7)-conjugated antiCD8
antibody
(BioLegend,
clone
53-6.7),
allophycocyanin-Hilite-7
(APC-H7)-conjugated
anti-CD4 antibody (BD Biosciences, clone GK1.5),
Alexa Fluor 488-conjugated anti-F4/80 antibody
(BioLegend, clone BM8). For live/dead cell staining,
7-aminoactinomycin-D (7-AAD) (eBioscience, San
Diego, CA) was added to the cells just prior to
analysis on a BD FACS Canto II™ system. Analysis
was performed using BD FACSDiva software (BD
Biosciences, Bedford, MA). Results were expressed as
absolute number of cells in a specific population.
Gastric tissue was consistent in weight among all
groups. Gating was applied using fluorescence minus
one (FMO) controls. The absolute number of
infiltrating cells was calculated by multiplying each
population cell number by the total number of live
cells (assessed using trypan blue exclusion on a
hemocytometer before staining) then dividing by the
total number of live singlet cell populations obtained
from flow cytometry analysis. In addition, we
performed other methods to confirm our absolute cell
counting by adding a known quantity (50 µl) of
calibration (counting) beads to a known sample
volume (CountBright™ Absolute Counting Bead, Life
Technologies, Carlsbad, CA). For total blood staining,
100 µl of fresh heparinized blood was directly stained
with 1.5 µl of each of the previously mentioned
antibodies for 30 minutes at 4°C followed by washing
with FACS buffer and then red cell lysis buffer was
applied. Finally, 7-AAD was added to the cell pellet
just prior to analysis on a BD FACS Canto II™ system.

Measurement of spleen IL-17A and IL-17F and
detection of RORγt in blood and gastric tissues
Spleens were ground and filtered through a 70
μm cell strainer. RBCs were lysed using RBC lysis
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buffer (eBioscience). Isolation of renal leukocytes was
processed as discussed in the previous step.
Approximately 1x106 of either spleen of kidney cells
were resuspended in RPMI medium supplemented
with 5% FBS and stimulated with 2 µl of BD
Leukocyte Activation Cocktail (ionomycin and
phorbol 12-myristate 13-acetate (PMA) along with the
Golgi inhibitor, brefeldin A) at 37°C for 5 hrs. Cells
were washed and stained first with LIVE/DEAD®
Fixable Violet dead cell stain (Invitrogen, Carlsbad,
CA). The following surface antibodies were then
added for 30 minutes: BV510-conjugated anti-CD45
antibody (clone 30-F11), PerCP-Cy5.5-conjugated
anti-CD3 antibody (BioLegend, clone 17A2), and
APC-H7-conjugated
anti-CD4
antibody
(BD
Biosciences, clone GK1.5). Intracellular staining was
then performed with the BD Cytofix/CytopermTM
Plus fixation/permeabilization solution kit following
the manufacturer’s instructions (BD Biosciences) and
using phycoerythrin (PE)-conjugated anti-IL-17A
antibody (eBioscience, clone eBio17B7). We followed
exactly the same protocol to detect RORγt in blood
and gastric tissues, however, we did not stimulate
with ionomycin/PMA. PE-conjugated anti-RORγt
antibody (eBioscience, clone B2D) was used.

Quantitative real-time RT-PCR
Total RNA was isolated using the RNeasy Mini
kit (Qiagen, Germantown, MD), and single-stranded
cDNA was subsequently synthesized using the
Advantage RT-for-PCR Kit (Clontech, Mountain
View, CA). Genes specific for mouse primers were
designed using the online software Primer 3
(http://frodo.wi.mit.edu/primer3/). The forward
and reverse primers were designed to span two
different exons for IL-17 gene; forward 5’
CAGGACGCGCAAACATGA
3’,
reverse
5’
GCAACAGCATCAGAGACACAGAT
3’.
The
primers were purchased from Integrated DNA
Technologies (Coralville, IA). The qRT-PCR was
performed using an iCycler (Bio-Rad, Hercules, CA),
with the threshold cycle number determined by using
a Bio-Rad CFX Connect Real-time System, with the
threshold cycle number determined by Bio-Rad CFX
manager software version 3.0. The results of the genes
expression were normalized to housekeeping gene
actin, as described previously. Expression ratios were
calculated according to the formula 2(Rt–Et)/2(Rn–En) [32],
where Rt is the threshold cycle number for the
reference gene observed in the test samples, Et is the
threshold cycle number for the experimental gene
observed in the test samples, Rn is the threshold cycle
number for the reference gene observed in the
reference samples, and En is the threshold cycle for
the experimental gene observed in the reference
http://www.jcancer.org
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samples. Rn and En values were calculated as an
average of all reference samples.

Statistical analysis
Using GraphPad Prism software (GraphPad
Software, Inc., La Jolla, CA), a 2-tailed Student’s t-test
was used to compare the statistical difference between
2 groups. The differences were considered statistically
significant when p value was <0.05.

Results
Loss of Tff1 expression induces infiltration of
immune cells, chronic inflammation and
tumorigenesis in mice
We have previously reported that gastric
precancerous hyperplasia and low grade dysplasia
lesions start at the age of 2 months and the
establishment of high grade dysplasia and invasive
adenocarcinoma occur at ≥ 6 months of age in Tff1-KO
mice. In order to understand the role of immune cells
in the gastric tumorigenesis cascade in this mouse
model, we investigated the tissue microenvironment
in the antra-pyloric area of the stomach in 2 and 8
month old Tff1-KO and Tff1-WT mice. By examining
the gastric histopathology using H&E staining, we
found limited or absent infiltration of immune cells in
the antrum of Tff1-WT mice at all ages (Figure
1A&1C). Conversely, there was a substantial immune
cell infiltration in low grade dysplasia of the antrum
at the age of 2 months (Figure 1B) and high grade
dysplasia at the age of 8 months (Figure 1D) in
Tff1-KO mice. We next analyzed the chronic
inflammatory scores in the gastric mucosa of the
Tff1-KO and Tff1-WT mice of both ages. Our data
indicated a significant increase of chronic
inflammatory scores in 2-month-old Tff1-KO mice
(p<0.01); this increase was more significant in
8-month-old Tff1-KO (p<0.001), as compared to
Tff1-WT mice of matching age (Figure 1E). Notably,
the inflammatory scores were low and remained
unchanged in the gastric mucosa of the Tff1-WT mice
at all ages (Figure 1E). These data strongly suggest
that the inflammation observed in Tff1-KO mice
antra-pyloric gastric tissues implicates infiltrating
immune cells.

Loss of Tff1 expression promotes infiltration of
T lymphocytes and monocytes in gastric
tissues
Several studies have shown that infiltration of
immune cells can promote tumorigenesis in
inflammation-associated
cancers
[33-35].
We,
therefore, investigated if loss of Tff1 expression in
mouse gastric tissue would exhibit increased immune
cells infiltration and inflammation. We employed
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immunohistochemistry
for
lymphocytes
and
macrophages using CD3 and F4/80 antibody
markers, respectively, in gastric tissues sections from
2 and 8 month old Tff1-WT and Tff1-KO mice. Our
data indicated a significant presence of CD3+ T cells
(Figure 2A&2B, p<0.001) and F4/80 macrophages
(Figure 2C&2D, p<0.001) infiltrating in gastric mucosa
of Tff1-KO more than in Tff1-WT mice. Of note, there
were significantly more infiltrating CD3+ T
lymphocytes and F4/80 macrophages in 8-month-old
than in 2-month-old Tff1-KO mice (Figure 2B&2D,
p<0.01). This increase of infiltrating immune cells was
also localized more in the dysplastic than in
non-dysplastic lesions in Tff1-KO gastric mucosa
(Figure 2A&2C). These data strongly suggest that
gastric tumorigenesis, due to loss of Tff1 expression, is
associated with immune cells infiltration and
inflammation in the gastric mucosa.

Figure 1. Loss of Tff1 promotes immune cells infiltration and chronic
inflammation in premalignant gastric lesions. (A-D) H&E staining of
representative histological features of gastric mucosa from wild-type and
Tff1-knockout mice (2 and 8 months of age) showing infiltration of immune cells
in Tff1-KO (B&D) but not in Tff1-WT (A&C). Original magnification, ×20. (E)
Comparison of chronic inflammation in gastric tissues of matched ages (2 and 8
months) between wild-type and Tff1-knockout mice; each data point represents
a single mouse, and the horizontal bars denote the mean value. **, p<0.01; ***,
p<0.001.

http://www.jcancer.org
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Figure 2. Immunohistochemical analysis for T lymphocytes and monocytes/macrophages in Tff1-WT and Tff1-KO gastric tissue. (A&C)
Representative immunohistochemistry staining for the T cell marker CD3 (A) and F4/80 marker for macrophages (C) in gastric tissue of 2 and 8 month old mice (n=3
to 5 mice per group). (B&D) quantification analysis of CD3+ (B) and F4/80 (D) in four different random microscopic fields. The number of cells positive for CD3 and
F4/80 was significantly higher in dysplastic lesion glands in Tff1-KO mice than normal glands in Tff1-WT (p<0.001). Original magnification at ×20 (top) and x40
(bottom).

To validate the immunohistochemistry data, we
evaluated the distribution of macrophages and T
lymphocytes subpopulations. Using single-cell
suspensions from gastric tissues of Tff1-WT and
Tff1-KO mice, we performed flow cytometry to
quantify total leukocytes (CD45+ cells), total T

lymphocytes (CD45+CD3+ cells), T cell subsets (CD4+
and CD8+ cells), and monocytes/macrophages
(CD45+F4/80+ cells) (Figure 3A). Consistent with the
histological analysis and immunohistochemistry
results, the flow cytometry plots and quantitative data
showed a significant increase in total leukocyte
http://www.jcancer.org
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infiltration in the stomach of 2 (p<0.05) and 8
(p<0.001) month old Tff1-KO mice as compared to
Tff1-WT mice of matching age (Figure 3B). The flow
cytometry data also indicated a significant increase of
total T lymphocytes, T cell subsets (CD4+ and CD8+
cells), and macrophages in 2 and 8 month old Tff1-KO
mice relative to Tff1-WT mice of matching age (Figure
3C-F, p<0.05). This increase in leukocytes, T
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lymphocytes subpopulations, and macrophages was
significantly higher in older Tff1-KO (8 months) than
younger Tff1-KO (2 months) mice (Figure 3B-F,
p<0.01). The data also indicated that there was no
significant change in immune cells infiltration in
gastric tissues from Tff1-WT mice of all ages (Figure
3B-F).

Figure 3. Flow cytometry analysis for T lymphocytes and monocytes/macrophages in gastric tissue of Tff1-WT and Tff1-KO mice. (A)
Representative flow cytometry dot plots showing gating strategy for gastric-infiltrating total leukocytes CD45+cells, total T lymphocytes CD45+CD3+cells, T cell
subsets CD4+, CD8+, and monocytes/macrophages CD45+F4/80+cells. (B-F) Graphs showing flow cytometry data analysis indicating a significant increase of T
lymphocytes and macrophages in Tff1-KO mice as compared to Tff1-WT (p<0.05). Notably, this increase was significantly greater in 8 months of age Tff1-KO mice
than in 2-month-old mice (p<0.01). Data are expressed as mean ± SEM (n=3 to 5 mice per group).

http://www.jcancer.org
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Loss of Tff1 expression increases levels of T
lymphocytes and monocytes/macrophages in
mouse blood
We investigated whether the levels of infiltrating
immune cells in mouse gastric tissues were similar to
those circulating in the blood stream. We performed
flow cytometry to quantify total leukocytes (CD45+
cells), total T lymphocytes (CD45+CD3+ cells), T cell
and
CD8+
cells),
and
subsets
(CD4+
monocytes/macrophages (CD45+F4/80+ cells) in
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blood samples from Tff1-KO and Tff1-WT mice
(Figure 4A). We used 100 μl of blood collected from 2
and 8 month old mice immediately following their
sacrifice. The data showed significant steady increases
in all blood circulating immune cells in Tff1-KO in
comparison with Tff1-WT mice of all ages (Figure
4B-F). These increases in circulating immune cells
were generally similar in 2 and 8 month old Tff1-KO
as compared to Tff1-WT mice (Figure 4B-F).

Figure 4. Tff1 deficiency increases levels of T lymphocytes and monocytes/macrophages in mouse blood. (A) Representative flow cytometry dot
plots showing gating strategy for blood total leukocytes CD45+ cells, total T lymphocytes CD45+CD3+cells, T cell subsets CD4+, CD8+, and
monocytes/macrophages CD45+F4/80+cells. (B-F) Graphs are showing flow cytometry data indicating a significant increase in T lymphocytes and macrophages levels
in blood samples from Tff1-KO mice in comparison with Tff1-WT (p<0.01). Data are expressed as mean ± SEM (n=3 to 5 mice per group).

http://www.jcancer.org
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Figure 5. Loss of Tff1 expression increases CD3+RORγt+ T lymphocytes and Il-17 mRNA levels in gastric tissues. Graphs showing flow cytometry
results of RORγt+CD3+T cells in gastric tissues (A) and Blood samples (B) from 2 and 8 month old Tff1-WT and Tff1-KO mice (n=3 to 5 mice per group). The data
showed that the RORγt+CD3+T lymphocytes population was significantly higher in gastric tissues (p<0.01), but not in blood, in Tff1-KO than Tff1-WT mice of
matching age. (C) QRT-PCR data indicating a significant increase of Il-17 mRNA expression (p<0.01) in mouse gastric tissues from 2 and 8 month old Tff1-KO as
compared to Tff1-WT mice of matching age (n=10 mice per group).

Loss of Tff1 expression increases levels of
RORγt+ T lymphocytes and Il-17 mRNA in
mouse gastric mucosa
Several reports indicated that activation of the
oncogenic pathways, including NFκB and β-catenin,
induces T lymphocytes differentiation by increasing
the expression of transcription factor retinoic acid
related orphan receptor-γt (RORγt) [36, 37]. Indeed,
RORγt has been suggested to be a potential
therapeutic target in chronic autoimmune and
inflammatory diseases [38-40]. We evaluated the
levels of RORγt+ cells in T lymphocytes, the
progenitor cells that give rise to T cell subsets
(CD3+CD4+ and CD3+CD8+ cells) in gastric tissues
and blood from Tff1-KO and Tff1-WT mice. The flow
cytometry data showed a significant increase in the
ratio of RORγt+ T lymphocytes in gastric tissues from
Tff1-KO, independent of age, as compared to Tff1-WT
mice (Figure 5A, p<0.01). Conversely, in blood
samples, there was no significant difference in
RORγt+ T lymphocytes levels between Tff1-KO and
Tff1-WT mice of matching age (Figure 5B). These data
suggest that the increased levels of RORγt+ T
lymphocytes in Tff1-KO relative to Tff1-WT mice are
limited to gastric mucosa.
The RORγt nuclear receptor expressed by T
lymphocytes drives the expression of pro-inflammatory cytokines such as IL-17 [18, Wang, 2012
#19]. IL-17 is an important cytokine secreted by T cells
and other lymphoid cells have either a pro-tumor or
an antitumor role in different cancer models [41-43].
Therefore, our next step was to evaluate the mRNA
levels of Il-17 in gastric tissues from 2 and 8 month old
Tff1-KO and Tff1-WT mice using real-time PCR
analysis. The results revealed a significant increase in
Il-17 mRNA levels in Tff1-KO, as compared to
Tff1-WT of matching age (Figure 5C, p<0.01). Notably,

Il-17 mRNA levels were significantly higher in
8-month-old than 2-month-old Tff1-KO mice (Figure
5C, p<0.05). These data indicate that the increase of
inflammation in gastric tissues is associated with high
levels of infiltrating RORγt+ T lymphocytes and Il-17
expression in Tff1-KO mice.

Loss of Tff1 promotes inflammation and
suppresses cytotoxic response through
regulation of Th17 and Tc17 cells
Th17 and Tc17 are different subsets of T
lymphocytes derived from CD4+ and CD8+,
respectively, and produce cytokines such as IL-17A
and IL-17F [44]. To identify the population of
IL-17-producing cells in our mouse model, spleen T
lymphocytes were isolated from Tff1-WT and Tff1-KO
mice at age 2 and 8 months and stimulated with PMA
and ionomycin for 4 hours. Following intracellular
staining, cells were analyzed by flow cytometry to
determine the levels of Th17 and Tc17 subsets based
on their expression of IL-17A and IL-17F. Our data
indicated that levels of splenic Th17 cells expressing
IL-17A and IL-17F were significantly higher in
Tff1-KO than Tff1-WT mice of matching age (Figure
6B-C, p<0.05). In addition, the results showed that the
increased levels of splenic Th17 cells were
significantly higher in 8-month-old than 2-month-old
Tff1-KO mice (Figure 6B-C, p<0.01). However, in the
case of splenic cytotoxic Tc17 cells, derived from
CD8+ cells, there was no significant change in the
levels of IL-17A-positive cells in Tff1-KO as compared
to Tff1-WT mice (Figure 6D), and a significant
decrease of IL-17F-positive cells in 8-month-old
Tff1-KO as compared to Tff1-WT mice of matching age
(Figure 6E, p<0.05). Of note, the stimulation of the
splenocytes significantly increased levels of IL-17F+
Tc17 cells in 8-month-old Tff1-WT, unlike Tff1-KO
mice of matching age (Figure 6E, p<0.05). The data
suggest that the increase of IL-17A+ and IL-17F+ in
http://www.jcancer.org
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splenic Th17 cells derived from CD4+ cells, reflect the
onset of an immune response in gastric tissues of the
Tff1-KO mice, which promotes chronic inflammation
and tumorigenesis. Interestingly, the decreased levels
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of IL-17F+ in splenic Tc17 cells in Tff1-KO in
comparison to high levels of this cell population in
Tff1-WT mice may suggest loss of the cytotoxic
response in the Tff1-KO mice.

Figure 6. Loss of Tff1 increases the levels of IL-17A and IL-17F CD4+ but not in CD8+ cells splenocytes. (A) Representative gating strategy for the
flow cytometry analysis of splenocytes isolated from 2 and 8 month old Tff1-KO and Tff1-WT mice (n=3 to 5 mice per group). Data analysis showing CD4+IL-17A+
lymphocytes (B), CD4+IL-17F+ lymphocytes (C), CD8+IL-17A+ lymphocytes (D), and CD8+IL-17F+ lymphocytes (E) in Tff1-KO and Tff1-WT mice of matching age.
The data indicated a significant increase of CD4+IL-17A+ and CD4+IL-17F+ lymphocytes in Tff1-KO relative to Tff1-WT mice of matching age (p<0.01). There was no
significant difference in CD8+IL-17A+ lymphocytes, but a significant decrease in CD8+IL-17F+ lymphocytes in Tff1-KO, as compared with Tff1-WT mice.

http://www.jcancer.org
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Discussion
Infiltration of immune cells in the tissue
microenvironment and the onset of chronic
inflammation play critical roles in initiation and
promotion of tumor growth [5, 45]. Understanding
the immune networks that exist within the tumor
microenvironment is essential for not only
understanding the tumorigenesis cascade but also for
designing and developing a potential therapeutic
strategy. In this study, we characterize the
distribution of infiltrating immune cells after Tff1 loss
in gastric mouse tissue at early and late stage of tumor
formation.
We previously demonstrated that TFF1, a
secreted protein in the stomach, has an
anti-inflammatory effect where the Tff1-KO mouse
model develops gastric tumors through activation of
NFκB and chronic inflammatory pathways [23]. In
this report, we confirmed this finding and provided
evidence that loss of Tff1 provides a perfect setting for
infiltration of immune cells in the tissue
microenvironment, which subsequently promotes
chronic inflammation and tumorigenesis. Our data
indicated that infiltration of immune cells in the
gastric mucosa of the Tff1-KO mouse were
age-dependent progressive changes that were present
at a young age and early stages of gastric
tumorigenesis.
Several studies have shown that the tumor
microenvironment has increased infiltration of
inflammatory cells, particularly lymphocytes and
macrophages [46, 47]. Our immunohistochemistry
analysis of gastric tissues demonstrated increased
infiltration of CD3 positive lymphocytes and F4/80
positive macrophages in histological lesions of the
Tff1-KO mouse. These findings confirm the
inflammatory phenotype after loss of Tff1, and
support our flow cytometry data showing an increase
of immune cell populations such as leukocytes
(CD45+), T lymphocytes (CD45+ CD3+), T cell subsets
(CD4+, CD8+) and Monocytes/Macrophages (CD45+
F4/80) in mouse gastric tissues. Indeed, our results
demonstrated that this increase was also age
dependent by showing more expression of these cells
at the age of 8 months, a finding that confirms the
mutual relationship between aging, inflammation and
chronic diseases such as cancer [48, 49]. Although
analysis of blood samples, the recruiter source of the
immune cell to the tumor microenvironment, showed
an increase of immune cell markers in the Tff1-KO
mouse model, this increase was not age-dependent.
This finding suggests that the increased recruitment
of immune cells in old age Tff1-KO mice could be
related to the progressive nature of histological
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lesions with the occurrence of high grade dysplasia
and invasive adenocarcinoma at old age in these mice.
In gastric cancer, earlier reports have
demonstrated an increase of the transcription factor
retinoic acid related orphan receptor-γt (RORγt)
especially in metastatic patients who are characterized
by poor clinical outcome [50, 51]. Moreover, the
activation of oncogenic pathways, such as NFκB and
β-catenin, has been shown to induce regulation of T
cell differentiation by regulating the expression of
RORγt [36, 37]. In our previous reports, we found that
loss of Tff1 promotes activation of NFκB and
β-catenin pathways in mouse and human gastric
neoplasms [23, 25]. Herein, our data confirmed that
loss of Tff1 induces an increase of T cell RORγt
positive cells in mouse gastric tissues, not in blood
samples, suggesting that the changes in T cell
expression are tissue specific.
CD4+T cells, which are key regulators of the
immune system, differentiate into T helper (Th17) cell
lineages that can promote chronic inflammation and
tumor growth [52, 53]. CD8+ cells are the next subset
of T cells that can differentiate into Tc17 and exhibit
strong cytotoxic activity in various conditions, such as
infection and cancer [54, 55]. Th17 and Tc17 activating
T regulatory cells subsets, both express RORγt marks
and have the potential to express cytokines such as
IL-17A and IL-17F [18, 56].
Our data are in agreement with the
aforementioned reports by demonstrating the
pro-inflammatory effect of Th17. Indeed, we have
demonstrated an increase of IL-17A and IL-17F in
CD4+ (Th17) indicating the inflammatory phenotype
observed in Tff1-KO mice that was also found to be
age-dependent. These data were confirmed by
examining mRNA expression levels of IL-17 in mouse
gastric tissues, which were significantly higher in
Tff1-KO as compared to Tff1-WT. However, the flow
cytometry analysis of CD8+ cells showed no changes
in IL-17A in Tff1-KO gastric tissues as compared to
Tff1-WT. Nonetheless, we noticed a decrease of IL-17F
at the age of 8 months in gastric tissue of Tff1-KO
compared to Tff1-WT of matching age. These results
are in agreement with previous reports showing a
protective effect of IL-17F in colonic epithelial cells
against tumorigenesis [57]. Therefore, this decrease in
IL-17F could be due to loss of cytotoxic effect of the
CD8+ population and the development of gastric
tumors in our mouse model.
In summary, gastric cancer cells can bypass the
immune surveillance by suppressing the immune
system and inducing immunological tolerance. The
stroma and tumor microenvironment of gastric
tissues in the Tff1-KO mouse model revealed strong
evidence supporting the presence of T cell-based
http://www.jcancer.org
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inflammation and loss of the antitumor cytotoxic T
cells. Future studies are needed to investigate
mechanisms by which secreted gastric Tff1 protein
regulates interactions and mutual regulation of these
complex immune networks within the tumor
microenvironment in gastric cancer.
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