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Abstract. The specificity and sensitivity of the current diag-
nostic and prognostic biomarkers for gastric cancer (GC) are
limited. The present study aimed to evaluate the diagnostic
and prognostic significance of cluster-of-differentiation gene
44 variant isoform 9 (CD44v9) and T cell immunoglobulin
and mucin domain-containing protein 3 (TIM3) expression
levels alone or combined in the tumor tissues of patients
with GC and reveal the roles of CD44v9 and TIM3 in the
cytokeratin (CK)* and CK' regions. Multiplex immunofluo-
rescence staining was performed for CD44v9, TIM3 and CK
using a tissue microarray. The tissues were divided into three
regions based on CK expression: Total, CK*, and CK" regions.
The diagnostic and prognostic value was evaluated using
receiver operating characteristic curves, Kaplan-Meier and
Cox regression analyses. The results demonstrated that the
density of cells expressing CD44v9, TIM3 and co-expressing
CD44v9 and TIM3 (CD44v9/TIM3) in both the CK* and
CK' regions of tumor tissues was significantly higher than
those in normal tissues (P<0.001). Moreover, the expression
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of CD44v9 in the CK region was significantly positively
correlated with age and tumor grade (P<0.05), and the expres-
sion of CD44v9/TIM3 in the CK region of tumor tissues was
significantly positively correlated with age, tumor grade and
metastasis (P<0.05). Furthermore, the area under the curve for
TIM3 expression in the CK* region was 0.709, with a sensi-
tivity of 45.83% and a specificity of 85.54% (P<0.001). High
expression of CD44v9 in the CK' region was also significantly
associated with poor survival and independently predicted
a poor prognosis in patients with GC (hazard ratio, 2.387,
95% confidence interval, 1.384-4.118; P<0.01). In conclusion,
dividing tissue regions based on CK expression is important
for the diagnosis of GC. The expression of TIM3 in the CK*
region demonstrated diagnostic potential for GC, and high
expression of CD44v9 in the CK region was an independent
prognostic risk factor for patients with GC.

Introduction

Gastric cancer (GC) is a common type of digestive system
tumor worldwide; specifically, it was the fourth most common
cancer worldwide in 2020. Although the mortality rate of GC
has declined in certain countries in recent years, it still ranks
fifth among cancers worldwide (1,2). At present, biomarkers
for the diagnosis and prognosis of GC are derived from
serological and tissue specimens, with serum markers such
as carcinoembryonic antigen (CEA), carbohydrate antigen
(CA)19-9 and CA 72-4 have been used for auxiliary diagnosis
and monitoring of GC. However, the optimal treatment window
is often missed due to the low specificity and sensitivity of
these markers (3). Histological markers, such as Ki67, p27 and
p53, also have problems of low sensitivity and specificity for
GC diagnosis. Therefore, as pathology is considered the gold
standard for cancer diagnosis (4), the present study aimed to
explore novel histological biomarkers for the diagnosis and
prognosis evaluation of GC.

Cluster-of-differentiation gene 44 (CD44), a cell surface
adhesion molecule, has been recognized as a cancer stem
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cell marker for several types of cancer, including GC (5).
CD44 variant isoform 9 (CD44v9), one of the major protein
splice variant isoforms, is highly expressed in human GC
tissues (6,7) and has been indicated to be associated with a
poor prognosis (8-10). Studies have reported that CD44v9
expression is associated with the pathological features of
GC, lung adenocarcinoma, urothelial cancer and bladder
cancer (10-13); however, certain studies which focused on the
expression of CD44v9 in GC tissues reported inconsistencies
in terms of the distribution of patient sex, tumor size, tumor
stage and tumor classification strategies (9,10,14). In addi-
tion, CD44 is expressed in lymphocytes and macrophages
surrounding tumor cells (15,16), but little is known about
CD44v9 expression in these cells.

T cell immunoglobulin and mucin domain-containing
protein 3 (TIM3), a crucial immune checkpoint protein,
is expressed mainly by immune cells, such as T helper cell
1 lymphocytes, cytotoxic lymphocytes, monocytes, macro-
phages, natural killer (NK) cells and dendritic cells, and is
expressed at low levels in tumor cells (17-19). Nevertheless,
TIM3 in cancer cells has been considered as an emerging
target for GC treatment (20). Recent studies have reached
different conclusions regarding the role of tumor-infiltrating
TIM3* cells in predicting the overall survival (OS) of patients
with GC (20,21). Given that the CD44 and TIM3 proteins are
both expressed in lymphocytes and macrophages, we hypoth-
esized that synchronous expression of CD44v9 and TIM3 in
tumor or stromal cells could provide a promising marker for
the diagnosis and prognosis evaluation of GC.

In the present study, multiplex immunofluorescence (mIF)
was used to detect the expression of CD44v9 and TIM3 in GC
tissues. This method can be used to analyze the expression of
CD44v9 and TIM3 alone or combined, as well as their expres-
sion in cytokeratin (CK)* and CK' regions in GC tissues. In
addition, the present study assessed the potential clinical value
of these proteins in GC diagnosis and prognosis evaluation.

Materials and methods

Study design. mIF was performed to detect the expression
of CD44v9 and TIM3 in the CK* and CK' regions of tissues
from patients with GC. A total of 96 patients who underwent
gastric resection without preoperative therapy between April
and November 2009 were included in the present study. The
information on the clinicopathological characteristics of
the patients and the corresponding tumor tissue microarray
(TMA), which contained 180 cores, including 96 tumor tissue
cores and 84 matched tumor-adjacent normal tissues cores,
was purchased solely from Shanghai Outdo Biotech Co., Ltd.
(catalog no. HStm A 180Sul3). Matched tumor-adjacent normal
tissues were unavailable for 12 of the patients. The clinico-
pathological stage was based on the seventh edition of the
American Joint Committee on Cancer Staging Manual (22).
The present study was performed with the approval of the
Institutional Ethics Committee of the Tangshan People's
Hospital (Tangshan, China). Written informed consent was
obtained from all patients prior to the study.

TMA preparation. Formalin-fixed, paraffin-embedded (FFPE)
GC tissues were evaluated by pathologists. Cores were cut

from representative tumor regions and arranged regularly in
a blank paraffin block. The tissue cores were then allowed to
fuse in a thermostatic oven at 52°C. Subsequently, the tissue
array block was continuously sliced to make a TMA (gastric
cancer TMA; cat. no. HStmA180Sul3; Shanghai Outdo
Biotech Co., Ltd.), which was heated in an oven at 60°C for
16 h to fix the tissue on the slide. Each core was 1.5 mm in
diameter and 4 ym in thickness. Finally, pathologists checked
the quality of each core under the Nikon Eclipse E600 light
microscope and recorded the diagnosis based on hematoxylin
and eosin (H&E) staining. The H&E staining was performed
using a fully automatic dyeing machine (Leica ST5020;
Leica Microsystems GmbH). The H&E staining process was
performed at room temperature. The TMA was treated with
xylene I and xylene II separately for 10 min, followed by
hydration in 100-70% ethanol for 5 min and rinsing in running
water for 1 min. The TMA was placed in hematoxylin staining
solution for 5 min, rinsed with running water for 2 min, washed
with 1% HCI and PBS buffer, and immersed in water for
counterstaining. The TMA was then placed in eosin staining
solution for 5 min. Subsequently, the TMA was dehydrated
sequentially in 75-100% ethanol, followed by immersion in
xylene I and xylene II to complete the staining process.

mlIF. The TMA was heated in an oven at 63°C for 1 h to prepare
for dewaxing. Dewaxing and hydration were then performed
using a fully automatic dyeing machine (Leica ST5020; Leica
Microsystems, Inc.) using xylene and gradient alcohol solution.
The TMA was then boiled in 1X repair solution (10X AR6
buffer; cat. no. AR6001KT; Akoya Biosciences, Inc.) for 3 min,
heated in a microwave on low power for 15-20 min and cooled
at room temperature to complete antigen retrieval. The TMA
was then treated with H,O, for 10 min to remove endogenous
peroxidase and washed with TBST (0.1% Tween20). The
sections were subsequently incubated with blocking buffer
(1X Antibody Diluent/Block; cat. no. ARDIOOIEA; Akoya
Biosciences, Inc.) at room temperature for 10 min, primary
antibodies at room temperature for 1 h and HRP-conjugated
secondary antibodies (EnVision™ FLEX+, Mouse; catalog.
no. K8002; and EnVision™ FLEX+, Rabbit; catalog.
no. K8009; both Agilent Technologies, L.td.) at a 1:1 dilution
at room temperature for 10 min. After staining with Opal dye
at a 1:100 dilution (Opal 7-colour Manual IHC Kit, catalog.
no. NEL801001KT; PerkinElmer, Inc.) and incubating at
room temperature for 10 min, the TMA was boiled in 1X
repair solution (10X ARG buffer; cat. no. AR6001KT; Akoya
Biosciences, Inc.) for 3 min, heated in a microwave on low
power for 15-20 min and cooled at room temperature to remove
the primary and secondary antibodies (the procedure was
consistent with antigen retrieval). The TMA was then washed
with TBST (0.1% Tween20). Blocking, incubation with primary
antibody, incubation with secondary antibody, Opal staining,
and removal of primary and secondary antibodies was repeated
until all antibody staining was completed. Detailed informa-
tion for the primary antibodies is summarized in Table SI. The
TMA was counterstained with DAPI (D9542; Sigma-Aldrich;
Merck KGaA) at room temperature for 5 min, washed with
TBST (0.1% Tween20) and sealed with 1X antifluorescence
quenching agent (VECTASHIELD® HardSet™ Antifade
Mounting Medium; catalog. no. H-1400; Vector Labs, Inc.).
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Multispectral imaging and cell recognition. The TM A-stained
images were captured using the TissueFAXS Spectra
Systems (TissueGnostics GmbH), which identifies CK* cells
as tumor cells and CK cells as stromal cells in tumor tissue
cores. The spectral characteristics of each fluorophore were
determined using single-antigen staining, spectrograms were
obtained using multispectral fluorescence microscopy, and
the signal was identified using StrataQuest analysis software
(version 7.1.129; TissueGnostics GmbH). Positive cells were
identified according to the intensity and area of the nucleus
and antibodies. The cells were divided into CK* and CK cells.
In tumor-adjacent normal tissues cores, CK* cells are recog-
nized as normal epithelial cells, whilst CK cells are identified
as stromal cells (21,23-26). Protein expression was assessed
based on the density of cells (number of positive cells/mm?).

Statistical analysis. Non-normally distributed continuous
variables are expressed as the median (lower quartile, upper
quartile). The difference in protein expression in tissues was
determined using the Mann-Whitney U test and the compar-
ison of protein expression differences among tumor grades
was performed using the Kruskal-Wallis H test, followed by
a post-hoc Steel-Dwass test. OS rates were assessed using
Kaplan-Meier analysis, and the log-rank test was used to
plot survival curves. The Cox proportional hazards regres-
sion model was used to perform univariate and multivariate
survival analyses. Clinical associations were analyzed using
the %2 test and correlations using Spearman's correlation
analysis. Receiver operating characteristic (ROC) curve
analysis was used to evaluate the diagnostic value of protein
expression for GC and to calculate the cut-off value. P<0.05
was considered to indicate a statistically significant differ-
ence. The P-value is indicative of a two-sided test. P<0.01 and
P<0.001 were considered to indicate strong significance. All
the analyses were performed using SPSS 22.0 (IBM Corp.)
and JMP Pro 17.0 (SAS Corp.) statistical software.

Results

Clinical specimens and clinical characteristics. Human tissue
samples were collected from 96 patients with GC who had
not received chemotherapy or radiotherapy prior to radical
resection. Among the 96 tumor tissues and 84 matched
tumor-adjacent normal tissues collected for use in the TMA
(Fig. S1), the normal tissue of one patient was not included
in the analysis due to the absence of epithelial cells. The
follow-up period ranged from 5.7 to 6.2 years. As of July 2015,
57/96 patients with GC had died. The mean age of the patients
was 64 years. Most of the tumors were concentrated in the
gastric antrum (n=50), stomach body (n=25), and cardia (n=8).
There was 13 cases of GC involving two or more than two sites
of the stomach. The pathological types of the patients with GC
included adenocarcinoma (n=76), signet ring cell carcinoma
(n=12), mucinous cell carcinoma (n=7) and undifferentiated
carcinoma (n=1). The clinical characteristics of the patients
with GC are presented in Table I.

Expression of CD44v9 and TIM3 and their co-expression
in the CK* and CK regions of tumor tissues and adjacent
normal tissues from patients with GC. The expression levels
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Table I. Clinical characteristics of patients with gastric cancer
(n=96).

Characteristic n (%)
Sex

Male 65 (67.7)

Female 31 (32.3)
Age, years

<65 51 (53.1)

>65 45 (46.9)
Tumor size, cm

<5 49 (51.0)

>5 47 (49.0)
T classification

T1 2 2.1

T2 11 (11.5)

T3 50 (52.1)

T4 33(344)
N classification

NO 20 (20.8)

N1 19 (19.8)

N2 25 (26.0)

N3 32 (33.3)
M classification

MO 94 (97.9)

MIl 2(2.1)
TNM stage

I 8(8.3)

II 27 (28.1)

111 59 (61.5)

v 2 2.1
Pathological grade

G2 16 (16.7)

G3 73 (76.0)

G4 7(7.3)

T, tumor; N, node; M, metastasis; G, grade.

of CD44v9, TIM3 and CK were assessed using mIF staining.
CK was used as a marker to distinguish tumor cells from
stromal cells. Tumor cells were predominantly present in the
CK* regions, and stromal cells were present in the CK" region
(Fig. 1A). An ideograph of the CK* and CK' regions in GC
tissues and normal gastric tissues is presented in Fig. 1B. First,
the differences in CD44v9 and TIM3 expression between
tumor tissues and adjacent normal tissues of patients with
GC were evaluated. There was no significant difference in
CD44v9 expression (P=0.05; Fig. 1C). However, the density of
cells expressing TIM3 and co-expressing CD44v9 and TIM3
(CD44v9/TIM3) was significantly greater in tumor tissues than
in normal tissues (P<0.001; Fig. 1D and E). Second, differ-
ences in the density of cells expressing CD44v9, TIM3 and
CD44v9/TIM3 between the CK* and CK' regions of the tumor
tissues were assessed. It was demonstrated that the density
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Figure 1. Protein expression of CD44v9 and TIM3 in gastric cancer tissues. (A) Multiplex immunofluorescence and hematoxylin and eosin staining profiles of
tumor tissues (DAPI, blue; CK, pink; CD44v9, green; and TIM3, red). (B) Tissue segmentation. Density of (C) CD44v9*, (D) TIM3* and (E) CD44v9*/TIM3*
cells in tumor and normal tissues. CD44v9, cluster-of-differentiation gene 44 variant isoform 9; TIM3, T cell immunoglobulin and mucin domain-containing

protein 3; CK, cytokeratin.

of cells expressing CD44v9, TIM3 and CD44v9/TIM3 was
significantly higher in the CK* region than in the CK region
(P<0.001; Table II). Finally, the differences in the density of
cells expressing CD44v9, TIM3 and CD44v9/TIM3 in the CK*
region or the CK region between the tumor tissues and normal

tissues was assessed. It was demonstrated that the density of
cells with these three expression patterns was significantly
higher in the CK* and CK regions of tumor tissues than in
normal tissues (P<0.05; Table III). Among the CD44v9* cells,
16.67, 17.15 and 15.78% were dual-positive cells (the cells
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Table II. Comparison of the density of cells expressing multiplex immunofluorescence markers in cytokeratin-positive and

-negative regions of gastric cancer tissues.

mlIF marker CK* region, n/mm? CK' region, n/mm? P-value
CD44v9 5,413.08 (2,944.84,7,726.14) 952.08 (408.96,1,617.90) <0.001*
TIM3 854.27 (267.89,2861.04) 401.74 (160.16, 958.02) <0.001*
CD44v9/TIM3 802.60 (200.58,2423.22) 156.93 (25.80,431.16) <0.001*

“P<0.05. Data were analyzed using the Mann-Whiney U test, and are presented as median (lower quartile, upper quartile). mIF, multiplex immu-
nofluorescence; CD44v9, cluster-of-differentiation gene 44 variant isoform 9; TIM3, T cell immunoglobulin and mucin domain-containing

protein 3; CK, cytokeratin.

Table III. Comparison of the density of cells expressing multiplex immunofluorescence markers in gastric cancer and normal

tissues of different regions.

A, CK*region

mlIF marker Cancer tissue, n/mm? Normal tissue, n/mm? P-value
CD44v9 5413.08 (2,944.84,7726.14) 3,162.35 (1,837.03,4731.01) <0.001*
TIM3 854.27 (267.89,2861.04) 214.37 (57 .40, 823 .47) <0.001°
CD44v9/TIM3 802.60 (200.58,2423.22) 177.38 (37.03,705.24) <0.001°
B, CK' region

CD44v9 952.08 (408.96, 1617.90) 502.40 (180.41, 1292.61) 0016
TIM3 401.74 (160.16, 958.02) 186.88 (76.22,420.92) <0.001*
CD44v9/TIM3 156.93 (25.80,431.16) 33.03 (6.74, 143.50) <0.001*

‘P<0.05. Data were analyzed using the Mann-Whiney U test, and are presented as median (lower quartile, upper quartile). mIF, multiplex immu-
nofluorescence; CD44v9, cluster-of-differentiation gene 44 variant isoform 9; TIM3, T cell immunoglobulin and mucin domain-containing

protein 3; CK, cytokeratin.

co-expressing CD44v9 and TIM3) in the total, CK* and CK
regions, respectively, of the tumor tissues. However, among
the TIM3* cells, 27.09, 92.57 and 37.28% were dual-positive
cells in the total, CK* and CK' regions, respectively, of the
tumor tissues. These data indicate that the expression levels
of CD44v9, TIM3 and CD44v9/TIM3 were higher in the CK*
regions compared with in the CK' regions in tumor tissues, and
overall, the expression levels in tumor tissues were higher than
in normal tissues.

Correlations between clinical characteristics and the expres-
sion of CD44v9 and TIM3, and their co-expression in the
CK* and CK regions of tumor tissues from patients with GC.
To assess the potential value of CD44v9 and TIM3 in the
diagnosis of GC, the present study analyzed the correlations
between the density of cells expressing CD44v9, TIM3 and
CD44v9/TIM3 in the CK* and CK' regions of tumor tissues
and pathological features. It was revealed that the density
of cells positive for CD44v9, TIM3 and CD44v9/TIM3 in
the total, CK* and CK' regions was significantly positively
correlated with patient age (P<0.05; Tables IV, SII and SIII).
Additionally, the density of cells expressing CD44v9 in the

CK region was positively correlated with tumor grade (P<0.01;
Table IV), and the density of cells expressing CD44v9 in the
CK region was significantly higher in grade (G)4 GC samples
than in G2 and G3 GC samples (P<0.05; Fig. 2A). Similarly,
the density of cells expressing CD44v9/TIM3 in the CK
region of tumor tissues was significantly positively correlated
with tumor grade and metastasis (P<0.05; Table IV), and the
density of cells expressing CD44v9/TIM3 in the CK" region
was significantly higher in G4 GC samples than in G3 samples
(P<0.05; Fig. 2B). The ROC curves based on CD44v9, TIM3
and CD44v9/TIM3 expression patterns in different regions are
presented in Figs. 2C and S2. The expression of CD44v9 in the
total region of cancer tissues was not significant for diagnosis
of GC (P=0.050), whereas its expression was significant for
GC diagnosis when distinguishing CK* (P<0.016) and CK
(P=0.016) regions. TIM3 in the CK" region had the largest area
under the curve (AUC) and the highest diagnostic specificity
(85.54%). Moreover, TIM3 also showed the highest diagnostic
sensitivity (71.88%) in the total region (Table V). The AUC
of CD44v9 and TIM3 and the CD44v9/TIM3 was higher in
CK* regions than in the total region and CK' region (Table V;
Figs. 2C and S2). These results indicate that the expression of
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Table IV. Correlation between clinical characteristics and the expression of multiplex immunofluorescence markers in the
cytokeratin-negative region in patients with gastric cancer (n=96).

CD44v9 TIM3 CD44v9/TIM3
Characteristic I, P-value I, P-value I, P-value
Sex 0.180 0.080 0.152 0.141 0.127 0.216
Age 0.245 0.016* 0.203 0.047* 0.235 0.021*
Tumor size 0018 0.863 0.060 0.561 0.045 0.663
T classification -0.096 0.350 -0.057 0.582 -0.065 0.526
N classification 0.060 0.563 0.143 0.164 0.135 0.190
M classification 0.176 0.086 0.192 0.061 0.208 0.042*
TNM stage -0.023 0.826 0.055 0.596 0.041 0.690
Pathological grade 0.272 0.007* 0.197 0.054 0.202 0.049*

2P<0.05. r,, Spearman's rank correlation coefficient; mIF, multiplex immunofluorescence; CD44v9, cluster-of-differentiation gene 44 variant
isoform 9; TIM3, T cell immunoglobulin and mucin domain-containing protein 3; T, tumor; N, node; M, metastasis.

Table V. Receiver operating characteristic curve analysis of gastric cancer for the expression of multiplex immunofluorescence

markers in different regions.

Index AUC P-value Cut-off, n/mm? Sensitivity, % Specificity, %
Total
CD44v9 0.585 0.050 1,035.81 77.08 40.96
TIM3 0.690 <0.001* 261.08 71.88 60.24
CD44v9/TIM3 0.680 <0.001* 613.59 62.50 69.88
CK*
CD44v9 0.704 <0.001* 3,922.86 67.71 69.88
TIM3 0.709 <0.001* 1,225.51 45.83 85.54
CD44v9/TIM3 0.703 <0.001* 750.57 52.08 81.93
CK-
CD44v9 0.604 0.016* 512.57 68.75 53.01
TIM3 0.665 <0.001* 320.76 57.29 71.08
CD44v9/TIM3 0.688 <0.001* 63.65 67.71 66.27

*P<0.05. AUC, area under the curve; CD44v9, cluster-of-differentiation gene 44 variant isoform 9; TIM3, T cell immunoglobulin and mucin

domain-containing protein 3; CK, cytokeratin.

CD44v9 and TIM3 in accurate regions based on CK" and CK*
could provide higher diagnostic value for GC.

Prognostic value of the expression of CD44v9 and TIM3
and their co-expression in the CK* and CK regions of tumor
tissues from patients with GC. To analyze the prognostic value
of CD44v9, TIM3 and CD44v9/TIM3 expression in the CK*
and CK regions of tumor tissues, the patients with GC were
divided into a high- and low-expression group according to
the median density of cells expressing the indicator proteins.
The differences between the high- and low-expression groups
were then compared. The results demonstrated that the 5-year
survival rates of patients with high and low CD44v9 expression
in the CK region were 31.25 and 68.75%;, respectively. The OS of
patients with GC with high CD44v9 expression in the CK region

was significantly shorter than that of patients with low CD44v9
expression (P<0.01; Fig. 3C and D). This indicates that a high
expression of CD44v9 in the CK region predicts a poor prog-
nosis in patients with GC. However, the survival curves did not
significantly differ between patients with GC with high or low
expression of other markers (P<0.05; Figs. 3A and B, and S3).
Furthermore, univariate analysis of the markers and pathological
features demonstrated that tumor (T) classification, node (N)
classification, metastasis (M) classification, TNM stage, and
the expression of CD44v9 in the CK region, were significant
factors influencing OS in patients with GC. Multivariate analysis
indicated that high expression of CD44v9 in the CK' region was
a significant independent risk factor predicting the OS of patients
with GC (P<0.01; hazard ratio, 2.387; 95% confidence interval,
1.384-4.118; Table VI). Taken together, these findings indicate
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the (A) total, (B) CK" and (C) CK regions of tumor tissues. (D) Representative images of gastric cancer cells with high and low expression of CD44v9 in the
CK' region (DAPI, blue; CK, pink; CD44v9, green). CD44v9, cluster-of-differentiation gene 44 variant isoform 9; TIM3, T cell immunoglobulin and mucin

domain-containing protein 3; CK, cytokeratin.

that the expression of CD44v9 in the CK' region could be of great
prognostic value for patients with GC.

Discussion

The tumor microenvironment (TME) has been reported to
serve crucial roles in the development, differentiation, survival
and proliferation of cancer cells (27,28). In addition to tumor
cells, fibroblasts, immune cells (such as T lymphocytes, B
lymphocytes, NK T cells and tumor-associated macrophages)

and stromal cells (such as pericytes and certain adipocytes) are
involved in the TME (28). In the past, studies on biomarkers
in cancer tissues have focused on tumor cells in tumor tissues,
ignoring stromal cells. However, certain biomarkers, such as
TIM3, are expressed in both tumor cells and stromal cells (18).
Therefore, the present study aimed to assess the expression
of CD44v9 and TIM3 and the co-expression of CD44v9
and TIM3 in tumor cells and stromal cells using mIF to
evaluate the potential clinical value of these biomarkers for
the evaluation if the diagnosis and prognosis of GC.
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Table VI. Cox univariate multivariate regression for overall survival in patients with gastric cancer.

Univariate Cox

Multivariate Cox

Variable HR (95% CI) P-value HR (95% CI) P-value
Sex (female vs. male) 1.109 (0.639-1.923) 0.714
Age (=65 vs. <65 years) 1.379 (0.820-2.318) 0.226
Tumor size (>5 vs. <5 cm) 1.648 (0.976-2.785) 0.062
Tumor grade (G4 vs. G2 and G3) 2.025 (0.807-5.085) 0.133
TNM stage (III and IV vs. I and II) 3.016 (1.592-5.715) 0.001* 1.655 (0.747-3.668) 0.215
T classification (T3 and T4 vs. T1 and T2) 4.066 (1.270-13.020) 0.018* 2.196 (0.911-10.235) 0.222
N classification (N1, N2 and N3 vs. NO) 5.315 (1.920-14.713) 0.001* 3.054 (0.747-3.668) 0.070
M classification (M1 vs. MO) 6.678 (1.576-28.290) 0.010* 3.073 (0.708-13.345) 0.134
CD44v9 expression

In total region (High vs. low) 1.156 (0.687-1.943) 0.585

In CK* region (High vs. low) 0.780 (0.462-1.317) 0.352

In CK' region (High vs. low) 1.989 (1.173-3.373) 0.0112 2.387 (1.384-4.118) 0.002?
TIM3 expression

In total region (High vs. low) 1.374 (0.816-2.314) 0.231

In CK* region (High vs. low) 1.352 (0.803-2.275) 0.257

In CK" region (High vs. low) 1.595 (0.943-2.696) 0.082
CD44v9/TIM3 expression

In total region (High vs. low) 1.272 (0.756-2.139) 0.365

In CK* region (High vs. low) 1.423 (0.845-2.397) 0.184

In CK" region (High vs. low) 1.539 (0.913-2.594) 0.106

*P<0.05. HR, hazard ratio; CI, confidence interval; CD44v9, cluster-of-differentiation gene 44 variant isoform 9; TIM3, T cell immunoglobulin

and mucin domain-containing protein 3; T, tumor; N, node; M, metastasis; G, grade; CK, cytokeratin.

In the present study, the assessment of CD44v9 and
TIM3 expression in tissues differs from traditional qualita-
tive and semi-quantitative immunohistochemistry (IHC)
methods (29-32). H&E staining and mIF assays were
performed, which used an automated pathological imaging
system to identify and count the number of positive cells/mm?.
This is a quantitative approach for assessing protein expres-
sion levels in tissues and qualified for histopathology of cancer
study (21,23-24). Although the scoring system of traditional
[HC has been used in many studies to measure protein expres-
sion, inconsistent results are common (8,10,14). For example,
tissues with low densities of positive cells are recorded as
zero (8). Thus, the present study directly adopted the method
of measuring the density of positive cells instead of immu-
nofluorescence scores. Furthermore, the cancer cells could be
distinguished from stromal cells according to CK expression,
not the normal cells. Therefore, the diagnosis of GC was
according to the density of cells expressing CD44v9 or TIM3
in the CK* region. It was demonstrated that the expression of
CD44v9 in the CK" region of tumor tissues was greater than
that in normal tissues, which indicates that CD44v9 function
as an oncogene in GC development. Considering the disruption
of the intracellular reactive oxygen species (ROS)/glutathione
(GSH) balance (such as excessive ROS production) leading
to energy homeostasis imbalance and tumor cell death (33),
and the decrease in intracellular ROS casused by CD44v9

via upregulation of cystine uptake and promotion of GSH
synthesis in GC cells (34,35), we hypothesize that CD44v9
may promote GC cell proliferation by intracellular decrease of
ROS. Moreover, the present study demonstrated that CD44v9*
epithelial cells could be scattered or clustered in normal
tissues. Similar studies reported that the CD44v9 expression
could occur in the regenerated gastric epithelium cells or
gastric epithelium cells infected with H. pylori (36-38), as well
as the expansion of stem cells of gastric tissues (37).
Nevertheless, a previous study ignored the distinction
between the parenchyma and stroma in GC tissues (10). CD44
was previously reported to be expressed in T cells, B cells and
macrophages (16,39-41) and it has been reported to be upregu-
lated in M2 macrophages, and the deletion of CD44 hinders
the polarization of macrophages, suppressed the migration
of tumor cells (41). As a variant subtype of CD44, CD44v9
has been reported to be overexpressed in myeloma plasma
cells, which could promote the adhesion of stromal cells
and the secretion of IL-6, which promotes cell proliferation,
anti-apoptosis, invasion and metastasis through the activation
of the JAK/STAT3 signaling pathway (42,43). In addition,
CD44v9 could be also expressed in T cells (44). A previous
review revealed that ROS can modulate the TME by affecting
several stromal cells that provide metabolic support and blood
supply, and facilitate immune responses to tumors (45). The
T cell-dependent antitumor response is also dependent on
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ROS (45). Overexpression of CD44v9 in stromal cells may
disrupt the balance of ROS in T cells and affect the antitumor
function of T cells. Based on this evidence, we hypothesize
that high expression of CD44v9 in stromal cells may promote
tumor growth. In the present study, it was demonstrated that
the density of CD44v9* cells in the CK' region of tumor tissues
was greater than that in normal tissues, but lower than that in
the CK* region. The expression of CD44v9 in the CK' region of
tumor tissues was positively correlated with tumor grade and
age. In addition, patients with GC with high CD44v9 expres-
sion in the CK' region experienced a worse OS rate than those
with low CD44v9 expression, and CD44v9 was identified as
an independent risk factor for GC. The univariate Cox analysis
revealed a difference between stages I-II and stages I1I-IV
(P<0.05). However, the multivariate Cox analysis did not
demonstrate a statistical difference between the two groups.
TNM staging was considered to be a potential confounding
factor in the statistical analysis, which highlighted the impor-
tance of the expression level of CD44v9 in the CK region for
prognosis of GC. The TNM staging may be a confounding
variable that indirectly affected the survival rates, exhibiting a
‘false association’ with the outcome. Adjusting for confounders
in regression allows for the identification of independent
contributors to the outcomes (46,47). Additionally, similar
studies have also indicated that certain prognostic factors,
such as TNM stage and tumor size (21,48,49), do not always
hold statistical significance in Cox regression analyses.

TIM3 is an immune checkpoint, and its activation can
increase T-cell dysfunction and exhaustion (50). TIM3 has
been also recognized to inhibit NK cell activity by binding
to phosphatidyl serine (51). The two aforementioned studies
reported that overexpression of TIM3 in immune cells could
promote tumor cell growth. However, previous studies have
reported that TIM3 is mainly expressed in immune cells, and
rarely expressed in epithelial-origin tumor cells, such as GC
cells and lung adenocarcinoma cells (18,19,52). The present
study demonstrated that the expression of TIM3 in tumor
tissues was higher than that in normal tissues, which is consis-
tent with the findings of Wang et al (18) and Chen et al (20).
Furthermore, the present study revealed that the expression of
TIM3 in the CK* region was higher than that in the CK region
in tumor tissues, contrary to the findings of Wu er al (21).
Thus, we hypothesize that TIM3 originated from epithelial
cells, and the different results based on the same method may
be caused by the histological heterogeneity of GC tissue cores
or the limited number of cases. The histological heterogeneity
includes individual characteristics, GC tissue collection site
and the quantity of T cell infiltration (53). Although the CK*
and CK regions were distinguished based on rigorous exami-
nation, certain CK" immune cells were inevitably incorporated
into the CK* region at the edge of the region, so this analysis
method needs to be improved. Moreover, in the present study,
the sensitivity of TIM3 in the total region was 71.88%, and
the specificity of TIM3 in CK* region for diagnosing GC was
85.54%. Previous studies have reported that the sensitivity
of Ki67 and p27 for diagnosis in different histological types
of GC ranges from 46.3-62.4% (54,55), which are all lower
than the sensitivity of the biomarkers in the present study.
A previous study also reported that the sensitivity of p53 in
intestinal type adenocarcinoma was 83%, and sensitivity for
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diagnosis of signet ring cell carcinoma was only 69% (56).
A previous study showed that soluble TIM3 in the serum of
patients with GC could be detected by ELISA, with diagnostic
sensitivity (73.98%) and specificity (95.89%) higher than TIM3
in the tissues of the present study (57). However, the sensitivity
of TIM3 in tissue specimens in the present study for GC diag-
nosis is higher than the combined sensitivity of CA 72-4, CA
19-9 and CEA in serum (58). The role of TIM3 in serum and
tissue for GC diagnosis should be further researched through
comparative studies in future.

In the present study, the AUC for CD44v9/TIM3 in the
CK region was 0.688, which was higher the AUCs for CD44v9
and TIM3 in the CK region alone. Moreover, the density of
cells expressing CD44v9/TIM3 was positively correlated with
age, M classification and tumor grade. The diagnostic value of
CD44v9 combined with TIM3 in the CK region was greater
than that of each factor individually. This indicates that the
combination of CD44v9 and TIM3 provides better clinical
significance than either factor alone. However, considering
the time-consuming and high cost of mIF, the expression of
CK, TIM3 and CD44v9 could be detected by individual or
combined staining of the traditional IHC method in clinical
application. This traditional IHC requires thorough training
for pathologists, which is time-consuming, labor-intensive
and requires more tissues for multiple biomarkers. For the
TMA used in the present study, multiple biomarkers could be
detected in one experiment by using a few tissue samples, and
the StrataQuest analysis software could quantitatively analyze
different fluorophores, not depending on the subjectivity of
pathologists. Although the present study did not use IHC, it
is recommended that appropriate testing methods are selected
according to the sample size and cost in clinical applications.

The present study has certain limitations: i) The FFPE
tissue specimens of patients with GC were preserved for a
relatively long time. Although several studies used samples
that were preserved for similar amount of time to those in the
present study (20,21), the length of time inevitably affected the
detection effect of CK, TIM3 and CD44v9; ii) the size of the
tissue samples were small, increasing the heterogeneity. It is
therefore necessary to recruit recent patients and increase the
sample size to reduce limitations in future studies; and iii) the
role of CD44v9 in GC diagnosis determined in the present
study is based on clinical samples, not in vitro and in vivo
experiments. Thus, we can only hypothesize that CD44v9 acted
as an oncogene through ROS on immune responses. Further
study on the mechanism of CD44v9 in GC development needs
to be researched in the future.

In summary, dividing tissue regions based on CK expres-
sion is important for the diagnosis of GC. Moreover, TIM3 in
the CK* region demonstrated diagnostic potential for GC. High
expression of CD44v9 in the CK region was an independent risk
factor predicting the prognosis of GC. Although CD44v9/TIM3
expression in the CK' region exhibited lower diagnostic value
than TIM3 in the CK* region, CD44v9/TIM3 expression in the
CK region was associated with the degree of GC metastasis and
differentiation, highlighting the need for future research.
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