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Purpose: The present study aimed to evaluate the clinical value of the combined detection 
of soluble T cell immunoglobulinand mucin domain molecule 3 (sTim-3) and pepsinogen 
(PG) in sera for gastric cancer (GC) diagnosis.
Patients and Methods: The double antibody sandwich method was used to establish 
a highly sensitive time-resolved fluorescence immunoassay for the detection of sTim-3. 
Serum sTim-3, PGI, and PGII levels in 149 GC patients (123 first-diagnosis GC patients 
and 26 post-GC patients), 81 patients with benign gastric disease (BGD), and 73 healthy 
controls were quantitatively detected. The clinical diagnostic value of the combined detection 
of sTim-3 and PG in GC was analyzed.
Results: Serum sTim-3 levels in GC (20.41 ± 9.55 ng/mL) and BGD (16.50 ± 9.76 ng/mL) 
patients were significantly higher (P < 0.001) than those in healthy controls (9.22 ± 3.40 ng/mL). 
Combined detection of sTim-3 and PGI/PGII (AUC: 0.9330, sensitivity: 86.44%, and specificity: 
91.78%) showed a high diagnostic value for GC. When the level of PGI/PGII was less than 12.11 
and that of sTim-3 was greater than 14.30 ng/mL, the positive rate of the control group was 
reduced to 0%, and the positive detection rate of GC was 54.47%. In addition, in post-operative 
patients, serum sTim-3 levels in the recurrence group (33.56 ± 4.91 ng/mL) were significantly 
higher than those in the no recurrence group (11.95 ± 5.16 ng/mL).
Conclusion: sTim-3 levels in BGD and GC sera were significantly higher than those in the 
control group sera. Additionally, sTim-3 serum levels can predict recurrence in post- 
operative patients. Compared with PG alone, the combined detection of serum PG and 
sTim-3 can significantly improve the detection sensitivity and specificity of BGD and GC.
Keywords: T cell immunoglobulin and mucin domain molecule 3, time-resolved 
fluorescence immunoassay, biomarker, gastric cancer

Introduction
Gastric cancer (GC) is the most common malignant tumor of the digestive system, 
and there are approximately one million GC patients worldwide.1 Although the 
incidence of GC has declined in the past few decades, the high mortality rate of GC 
remains a concern. While surgical resection and chemotherapy can safely and 
effectively prolong the survival of GC patients,2 effective treatment of patients 
diagnosed with advanced or metastatic GC remains difficult. Therefore, to improve 
the survival rate of GC patients, an early and accurate diagnosis is important. 
Currently, clinical diagnosis of GC mainly involves gastroscopy, which is a costly 
procedure. Moreover, the examinee experiences considerable discomfort during 
gastroscopy, limiting its potential in large-scale screening. Therefore, high- 
accuracy serum markers are urgently needed for the detection of GC. Several 
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common tumor serum markers, such as carbohydrate anti-
gens (CA72-4, CA12-5 and CA19-9) and carcinoembryo-
nic antigen, have sensitivities in the range of 5–25.5%.3–8 

The positive combined detection rate of the above- 
mentioned markers reaches 60.9%.5 However, these 
serum markers show a low sensitivity in the diagnosis of 
GC. Pepsinogen (PG) is a relatively mature serum marker 
for gastric diseases;9–11 serum PGI and PGII levels and the 
PGI/PGII ratio are potential diagnostic indicators of GC.12 

However, the detection rate of PG in GC is low, with 
a sensitivity of 59.3–72.1% and specificity of 61.8– 
87.39%.13–15 Therefore, there is a need to identify new 
serum markers, which, in addition to PG, can improve the 
diagnostic sensitivity of GC.

T cell immunoglobulin and mucin domain molecule 3 
(Tim-3) is a tumor immune checkpoint molecule,16 and it 
can be found in two forms: soluble (sTim-3) and mem-
brane-bound Tim-3. Serum sTim-3 is mainly shed from 
cells expressing this molecule (eg, monocytes and 
CD8+T cells) as well as tumor cells.17–21 Tim-3 expression 
on T cells is related to GC staging, and this expression 
may be related to the occurrence and development of 
GC.14 However, these studies were conducted at the cel-
lular level and no study has reported whether serum sTim- 
3 can serve as a clinical auxiliary diagnostic marker 
for GC.

In the present study, the highly sensitive time-resolved 
fluorescence immunoassay (TRFIA) was used to quantita-
tively detect the serum levels of sTim-3, PGI, and PGII in 
GC patients and healthy group and analyze the value of 
detecting sTim-3 alone and in combination with PG for 
GC diagnosis.

Materials and Methods
Instruments and Reagents
Tim-3 antigen and two antibodies against different epi-
topes of this antigen—capture and detection antibodies— 
were purchased from Sino Biological Inc. PGI-TRFIA 
detection kit (China), PGII-TRFIA detection kit, and the 
enhancement solution were provided by Zhejiang Boshi 
Biotechnology Co., Ltd (China). Tris, ProClin 300, bovine 
serum albumin (BSA), Sephadex-G50, and other reagents 
were purchased from Shanghai Xibao Biotechnology 
Company (China).

The time-resolved immunofluorescence analyzer, 
DEM-3 plate washer, 96-well plates, and micro-oscillator 
were purchased from Foshan Daan Medical Equipment Co., 

Ltd., Guangzhou Darui Biotechnology Co., Ltd., Xiamen 
Yunpeng Technology Development Co., Ltd., and Jiangsu 
Kangjian Medical Products Co., Ltd., respectively.

Study Population
In total, 149 patients with GC (123 patients were first- 
diagnosis with GC, while 26 were postoperative patients 
with GC), 81 patients with BGD (17 cases of gastric polyps, 
14 cases of atrophic gastritis, 13 cases of erosive gastritis, 
12 cases of gastric ulcer, 11 cases of superficial gastritis, 10 
cases of chronic gastritis, and 4 cases of gastric mucosal 
injury), and 73 healthy individuals from Zhejiang Xiaoshan 
Hospital and Jiangyin Clinical College of Xuzhou Medical 
University were included in this study. A serum sample was 
collected from each study participant. All healthy subjects 
were adults who underwent a physical examination at the 
hospital and tested negative for tumor markers (eg, CEA, 
CA12-5, CA19-9, and CA72-4) and Helicobacter pylori 
infection; in addition, they had no history of stomach dis-
ease. As per the 8th edition of the TNM staging system for 
GC promulgated by the International Union Against Cancer 
(UICC) and the American Cancer Council (AJCC), we 
divided the newly diagnosed GC patients into stages I, II, 
III, and IV. The postoperative group should encompass 
those patients who have undergone surgical resection (the 
time of surgery being 1–7 years before blood collection). 
This study was conducted in accordance with the 
Declaration of Helsinki and approved by the ethics commit-
tee of the Affiliated Xiaoshan Hospital (approval no. 2021– 
011). Informed consent was obtained from all registered 
subjects.

Serum Collection and Storage
Venous blood (5 mL) was collected from participants after 
overnight fasting and centrifuged at 4000 rpm for 5 min. 
Next, the supernatant (serum) was collected and stored at ‒ 
80 °C until use.

Double Antibody Sandwich 
Method-Based TRFIA to Detect sTim-3 in 
Serum22

The experimental steps were as follows:

1. Buffer configuration: elution buffer (50 mmol/L 
Tris-HCl, 0.2% BSA, 0.05% ProClin; pH 7.8); 
labeling buffer (50 mmol/L Na2CO3-NaHCO3; pH 
9.0); coating buffer (50 mmol/L Na2CO3-NaHCO3; 
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pH 9.6); standard buffer (50 mmol/L Tris-HCl,0.9% 
NaCl, 0.5% BSA, 0.05% (v/v) Proclin300, pH 7.8); 
analysis buffer (50 mmol/L Tris-HCl, 0.9% NaCl, 
0.5% BSA, 0.0008% DTPA, 0.0005% PHloxine B, 
0.01% Tween-40, 0.05% Proclin 300; pH 7.8); 
blocking solution (50 mmol/L Tris-HCl, 0.9% 
NaCl, 1% BSA, 0.05% NaN3; pH 7.8); washing 
buffer (50 mmol/L Tris-HCl, 0.9% NaCl, 0.02% 
Tween-20, 0.01% Proclin 300; pH 7.8).

2. Antibody coating: The capture antibody was diluted 
to 2 µg/mL with the coating buffer, and 100 µL 
diluted antibody solution was added to each well of 
a 96-well plate. After overnight incubation at 4 °C, 
the plate was washed once with washing buffer, and 
150 µL blocking solution was added to each well. 
Next, the non-specific binding sites were blocked 
for 2 h at room temperature, and the blocking solu-
tion was discarded. After drying, the antibody- 
coated plate was stored at ‒20 °C until use.

3. Labeling antibody: A total of 300 µg of detection 
antibody was placed in an ultrafiltration tube and 
mixed with 200 µL labeling buffer. The antibody 
mixture was centrifuged at 10,000 rpm for 6 min. 
After discarding the supernatant, 300 µL labeling 
buffer was added and centrifuged at 10,000 rpm for 
6 min. This process was repeated eight times. 
Finally, 50 µL labeling buffer was added to the 
tube, and the centrifuge tube was inverted and cen-
trifuged at 3000 rpm for 1 min to collect the filtrate 
containing the detection antibody. The collected 
antibody was mixed with 60 µg diethylenetriamine-
triacetic acid-Eu3+, and the mixture was incubated 
at 30 °C overnight. The following day, the labeled 
antibody was purified using Sephadex G50 and 
stored in the eluent containing 0.2% BSA. Finally, 
the antibody labeled with acid-Eu3+ (Eu3+-McAb) 
was collected and stored at ‒20 °C.

4. The sTim-3 antigen was diluted to different concen-
trations (0, 6.25, 12.5, 25, 50, and 100 ng/mL) using 
a standard buffer, where a concentration of 0 indi-
cated the standard buffer not containing the sTim-3 
antigen.

5. Measurement of sTim-3 concentration in serum: 
A total of 100 µL of standard solution and serum 
samples were added to a 96-well microplate coated 
with 2 µg/mL anti-Tim-3 capture antibody. The 
plate was incubated with shaking at 37 °C for 1 
h and washed twice with washing buffer. Then, 

100 µL Eu3+-McAb (diluted 1:1000 with analysis 
buffer) was added to each well. The plate was 
incubated with shaking at 37 °C for 2 h and washed 
six times with washing buffer. A total of 100 μL of 
enhancement solution was added to each well, fol-
lowing which the plate was incubated with shaking 
on a 96-well plate shaker for 3 min. Finally, the 
fluorescence intensity was measured using a time- 
resolved immunofluorescence analyzer.

Determination of Serum PGI and PGII 
Levels
The serum levels of PGI and PGII were determined using 
the PGI-TRFIA and PGII-TRFIA detection kits (Zhejiang 
Boshi Biotechnology Co., Ltd (China)) based on the man-
ufacturer’s instructions accompanying.

Statistical Analysis
SPSS version 21.0 was used for data analysis. Binary 
logistic regression was used to fit the combined variables, 
and the fitted probability variables were used to construct 
the receiver operating characteristic curve (ROC) curve of 
the combined detection. Quantitative data are expressed as 
the mean ± standard deviation (SD), and analysis of var-
iance (ANOVA) was used to analyze the differences 
between the groups. GraphPad Prism (GraphPad 
Software Company) was used for statistical analyses, and 
the Youden index was used to determine the best sensitiv-
ity and specificity of the combined diagnosis.

Results
sTim-3, PGI, and PGII Levels and the PGI/ 
PGII Ratio in Serum Samples Collected 
from Different Participant Groups
Serum PGI level (123.93 ± 79.16 ng/mL) in BGD patients 
was significantly lower than that in healthy individuals 
(146.89 ± 47.68 ng/mL) (Figure 1A; P < 0.05). The aver-
age PGI level in GC patients did not markedly differ from 
that in the control group, whereas the average PGI level in 
BGD patients was lower than that in the control group. As 
shown in Figure 1A, PGI levels in some BGD and GC 
patients were higher or lower than the average.

Serum PGII levels (22.94 ± 13.66 ng/mL) in first- 
diagnosis GC and BGD patients (18.39 ± 14.94 ng/mL) 
were significantly higher than that in healthy individuals 
(11.94 ± 6.24 ng/mL) (Figure 1B; P < 0.05).
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The serum PGI/PGII ratio in first-diagnosis GC (9.25 ± 
4.43) and BGD patients (9.24 ± 5.43) was significantly 
lower than that in healthy individuals (13.91 ± 4.49) 
(Figure 1C; P < 0.05).

Serum sTim-3 levels in healthy controls (9.22 ± 3.40 
ng/mL) and BGD (16.50 ± 9.76 ng/mL) and first-diagnosis 
GC patients (20.41 ± 9.55 ng/mL) showed a gradual 
upward trend, and the differences among the groups were 
significant. (Figure 1D; P < 0.05).

Serum PGI and PGII levels in 26 patients after gas-
trectomy were significantly lower than those in the control 
group (P < 0.0001). Notably, serum sTim-3 levels (19.57 ± 
2.76 ng/mL) in these 26 patients were significantly higher 
than those in the control group (9.23 ± 0.40 ng/mL) (P < 
0.001). Upon initial diagnosis, first-diagnosis GC patients 
were divided into stages I, II, III, and IV, depending on the 
clinical stage of the disease. As shown in Figure 1E, 
serum sTim-3 levels gradually increased (P < 0.01) at 
each GC stage. Based on the recovery of patients after 

GC, they were divided into two groups: those with recur-
rence and those without recurrence. Post-operative recur-
rence was defined as a positive outcome at consecutive 
bimonthly clinical examinations or annual computed 
tomography (CT) scans in the hospital. As shown in 
Table 1 and Figure 1F, serum sTim-3 levels in the recur-
rence group (33.56 ± 4.91 ng/mL) were significantly 
higher than those in the no recurrence group (11.95 ± 
5.16 ng/mL).

Group Positive Rate
The cut-off values of PGI and PGII levels and the PGI/PGII 
ratio were determined according to the values provided in 
the instructions of the PG commercial kit. The normal range 
is 70 < PGI < 210 ng/mL, PGII < 23 ng/mL, and PGI/PGII 
> 6. If the value exceeds the normal range, gastric ulcer, 
AG, chronic gastritis, gastric mucosal damage, or GC may 
occur. The cutoff value of sTim-3 level was calculated as 
mean + 2 SD. Given that the master cells of the fundus 

Figure 1 (A) PGI levels in controls and BGD and first-diagnosis GC patients; (B) PGII levels in controls and BGD and first-diagnosis GC patients; (C) PGI/PGII ratio in 
controls and BGD and first-diagnosis GC patients; (D) sTim-3 levels in controls and BGD and first-diagnosis GC patients; (E) sTim-3 levels in first-diagnosis GC patients 
(stage I, stage II, stage III, and stage IV); (F) sTim-3 levels in controls, recurrence group after GC surgery, and no recurrence group after GC surgery. *P < 0.05; **P < 0.01; 
***P < 0.001; ****P < 0.0001.
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gland and cervical mucus cells are removed after surgical 
resection, the levels of PGI and PGII were low in serum 
samples collected from such GC patients. Thus, GC surgery 
was excluded from this analysis. We considered serum 
samples with PGI or PGII levels or PGI/PGII ratio not 
outside the normal range as PG abnormalities (Table 2). 
PG had a low positive detection rate for BGD and first- 
diagnosis GC. When sTim-3 levels exceeded 16.03 ng/mL, 
the positive detection rate of GC reached 61.79%, which 
was higher than that of PG abnormality (55.28%). 
Furthermore, the positive detection rate in the control 
group (2.74%) was significantly lower than that of PG 
abnormality (15.01%). With PG abnormalities or sTim-3 
levels exceeding 16.03 ng/mL, the controls showed a high 
positive detection rate of up to 17.80%. Compared with PG, 
the positive detection rate of BGD (64.20%) and GC 
(78.05%) was significantly improved. With PG abnormal-
ities and sTim-3 levels exceeding 16.03 ng/mL, the positive 

detection rate of the controls was 0%, while the positive 
detection rate of GC reached 32.52%. To further improve 
the sensitivity of detection and identify a more effective 
combination, the best detection combination was obtained 
using the ROC curve, allowing the cutoff value to be opti-
mized through the ROC score.

Clinical Value of sTim-3, PGI, and PGII 
Levels and the PGI/PGII Ratio for the 
Initial Diagnosis of GC
As shown in Figure 2 and Table 3, the sensitivity and 
specificity of BGD and GC diagnosis according to the cut- 
off values specified by the manufacturer of the PG detec-
tion kits, as well as the potential of their clinical detection, 
are limited. Therefore, we constructed a ROC curve, re- 
determined the cutoff value using the Youden index, and 
evaluated the clinical value of sTim-3, PGI, and PGII 

Table 1 Serum Indices of Control, BGD, First-Diagnosis GC, and Post-Operative GC Groups

Index Control (n=73) BGD (n=81) First-Diagnosis GC (n=123) Post-Operative (n=26)

No Recurrence  
(n=17)

Recurrence 
(n=9)

Sex Male 34 (46.6%) 47 (58.0%) 78 (63.4%) 10 (58.8%) 6 (66.6%)
Female 39 (53.4%) 34 (42.0%) 45 (36.6%) 7 (41.20%) 3 (33.4%)

Age (years) 40.06 ± 10.31 60.83 ± 12.16 66.78 ± 8.81 63.50 ± 8.09 70.20 ± 10.03
sTim-3 (ng/mL) 9.22 ± 3.40 16.50 ± 9.76a 20.41 ± 9.55ab 11.95 ± 5.16bc 33.56 ± 4.91abc

PGI (ng/mL) 146.89 ± 47.68 123.93 ± 79.16a 145.34 ± 119.31 46.25 ± 39.81abc 52.67 ± 43.69abc

PGII (ng/mL) 11.94 ± 6.24 18.39 ± 14.94a 22.94 ± 13.66a 6.02 ± 5.38abc 5.61 ± 3.78abc

PGI/PGII ratio 13.91 ± 4.49 9.25 ± 4.43a 9.24 ± 5.43a 6.12 ± 3.55abc 9.73 ± 4.74a

Notes: Quantitative data are expressed as the mean ± SD, and the difference was analyzed by ANOVA followed by Tukey’s multiple comparison test. aP < 0.05 compared 
with control; bP < 0.05 compared with BGD; cP < 0.05 compared with GC. 
Abbreviations: PG, pepsinogen; BGD, benign gastric disease; GC, gastric cancer.

Table 2 Positive Detection Rates of PGI, PGII, and sTim-3 Levels and the PGI/PGII Ratio in the Control, BGD, and First-Diagnosis GC 
Groups

Index Number of Positive 
Control Detections 

(n=73)

Number of Positive 
BGD Detections 

(n=81)

Number of Positive First- 
Diagnosis GC Detections 

(n=123)

PGI > 210 ng/mL or PGII > 23 ng/mL 11 (15.01%) 27 (33.33%) 45 (36.59%)

PGI < 70 ng/mL and PGI/PGII < 6 0 (0%) 10 (12.35%) 23 (18.70%)

PG abnormal 11 (15.01%) 37 (45.68%) 68 (55.28%)
sTim-3 > 16.03 ng/mL 2 (2.74%) 43 (53.09%) 76 (61.79%)

PG abnormal or sTim-3 > 16.03 ng/mL 13 (17.80%) 52 (64.20%) 96 (78.05%)

PG abnormal and sTim-3 > 16.03 ng/mL 0 (0%) 16 (19.75%) 40 (32.52%)

Notes: Positive PGI, PGII, PGI/PGII were determined in accordance with the kit’s cut-off values; positive sTim-3 are expressed as the mean + 2 SD. 
Abbreviations: PG, pepsinogen; BGD, benign gastric disease; GC, gastric cancer.
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levels and the PGI/PGII ratio for BGD diagnosis as well as 
the initial diagnosis of GC.

As shown in Figure 2A and Table 3, when the cutoff 
value of PGI/PGII ratio was 9.55, as determined using the 
Youden index, the PGI/PGII ratio detected BGD indepen-
dently (area under the ROC curve (AUC): 0.8009, sensi-
tivity: 71.25%, and specificity: 84.93%) compared with 
other indicators. The sensitivity, specificity, and accuracy 
were high, and thus, the PGI/PGII ratio could serve as 
a suitable diagnostic biomarker for BGD.

As shown in Figure 2B and Table 3, sTim-3 is sensitive 
to the initial diagnosis of GC. Based on sTim-3 levels 
(AUC: 0.9093, sensitivity: 73.98%, and specificity: 
95.89%) an initial diagnosis of GC could be independently 
made. According to the Youden index, the cutoff value of 
sTim-3 level was 14.30 ng/mL.

As shown Figure 2C and Table 3, compared with the 
other three indicators, detection with sTim-3 alone (AUC: 
0.6743, sensitivity: 47.15%, and specificity: 85.19%) can 
distinguish BGD from newly diagnosed GC to a certain 
extent.

Combined Clinical Value of Serum 
sTim-3, PGI, and PGII Levels and the PGI/ 
PGII Ratio for GC Detection
Three indicators, which could help improve the diagnosis 
of BGD and GC, were selected, and the detection power of 
certain combinations of these indicators was analyzed by 
constructing an ROC curve. As shown in Figure 3A and 
Table 4, the combination of sTim-3 levels and the PGI/ 
PGII ratio (AUC: 0.8879, sensitivity: 79.01%, and 

Figure 2 Independent diagnostic value of serum sTim-3, PGI, and PGII levels and the PGI/PGII ratio in BGD and first-diagnosis GC analyzed by ROC. (A) ROC curves of 
serum marker levels between the controls and BGD patients; (B) ROC curves of serum marker levels between the controls and first-diagnosis GC patients; (C) ROC curves 
of serum marker levels between BGD and first-diagnosis GC patients.
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specificity: 87.67%) effectively diagnosed BGD.PGI 
levels, the PGI/PGII ratio, and sTim-3 levels were used 
in combination for the initial diagnosis of GC (Figure 3B 
and Table 4). The combination of sTim-3 levels and the 
PGI/PGII ratio (AUC: 0.9330, sensitivity: 86.44%, and 
specificity: 91.78%) could effectively diagnose GC.

As shown in Figure 3C and Table 4, the combination of 
sTim-3 and PGII levels (AUC: 0.6775, sensitivity: 
50.00%, and specificity: 81.48%) could effectively distin-
guish between newly diagnosed GC and BGD.

Participants Showed a Positive Detection 
Rate After Redefining the Cut-Off Value 
According to the ROC Curve
Two indicators with high diagnostic value were selected 
based on the combined test. The value of the indicator 
was considered critical when tested individually. The 
combination of sTim-3 levels and the PGI/PGII ratio 
had a high diagnostic value in GC (Table 3), with the cut- 
off values of sTim-3 and PGI/PGII levels being 14.30 
and 12.11 ng/mL, respectively. When the positive detec-
tion rate of the controls was 0%, the positive detection 
rate of the PGI/PGII ratio < 12.11 and sTim-3 level > 
14.30 ng/mL for GC was 54.47%. Compared with PG 
abnormalities and sTim-3 levels exceeding 16.03 ng/mL 
(32.52%), the positive detection rate with the PGI/PGII 
ratio < 12.11 and sTim-3 level > 14.30 ng/mL increased 
by approximately 20% (Table 5). PGII level > 19.46 ng/ 
mL and sTim-3 level > 19.46 ng/mL are also critical for 
distinguishing BGD from GC. When the positive detec-
tion rate of the control group was 0%, the positive detec-
tion rate of BGD and GC was 3.70% and 20.33%, 
respectively. Although the positive detection rate of GC 
decreased, it retained some value for distinguishing GC 
from BGD.

Discussion
Currently, GC is clinically diagnosed by gastroscopy and 
tissue biopsy. However, these methods are expensive and 
cause trauma to the human body; therefore, they are not 
conducive for large-scale and early screening. Compared 
with gastroscopy and tissue biopsy, GC diagnosis using 
serum markers is non-invasive and cost-effective and 
allows real-time monitoring of the course of the disease. 
In this study, the combined detection of sTim-3 and PG in 
patient serum samples was used to analyze their diagnostic 
value for GC.

PG is mainly produced by the main cells of the fundus 
glands, and its level can reflect the atrophy of the gastric 
mucosa.23 Serum PG levels not only reflect current atro-
phy of the stomach but also predict the risk of developing 
GC.24,25 Serum PGI and PGII levels and the PGI/PGII 
ratio are closely related to the occurrence of GC and 
gastric precancerous lesions.26 Changes in serum PG 
levels are attributed to three main reasons: H. pylori infec-
tion, inflammation, and atrophic changes in the stomach. 
In H. pylori-induced gastritis, the serum PGI and PGII 
levels increase after the gastric glands are stimulated by 
H. pylori. Compared with PGI levels, PGII levels increase 
substantially, while the PGI/PGII ratio decreases. When 
the stomach undergoes atrophic changes, serum PGI levels 
decrease, while PGII levels remain stable or only increase 
marginally, resulting in a decrease in the PGI/II ratio.27–29 

Serum PG levels are also related to inflammatory cell 
infiltration in the gastric mucosa and changes in gastric 
gland density.10 We found that with the progress of GC, 
gastric atrophy, intestinal metaplasia, and dysplasia further 
aggravate. Moreover, serum PGI levels decrease, serum 
PGII levels increase, and the PGI/PGI ratio gradually 
decreases.

Tim-3 is expressed in different cells, and its two- 
way regulation is crucial for immune regulation.30,31 

Clinically, anti-Tim-3 antibodies can be used to pro-
mote the secretion of cytokines, such as interferon 
(IFN)-γ, thereby enhancing the activation degree of 
macrophages. The Tim-3/galectin-9 signaling pathway 
can inhibit the immune function of T cells to promote 
T cell tolerance, which can control the occurrence and 
development of related diseases.32 In recent years, the 
expression and role of Tim-3 in several tumors has 
garnered considerable research attention. Tim-3 is 
expressed in various tumor tissues.33–36 In GC, Tim-3 
may inhibit the secretion of IFN-γ and tumor necrosis 
factor-α to inhibit the function of T cells, thereby 
participating in the occurrence and development of 
GC. In addition to T cells, the expression of Tim-3 in 
monocytes or macrophages may be associated with GC 
progression.37 Serum sTim-3 is mainly produced by 
cell shedding, which refers to the shedding mediated 
by metalloproteinases (a disintegrin and metallopro-
tease [ADAM] 10 and ADAM17).38,39 The changes in 
serum sTim-3 levels are related to the expression of 
Tim-3 in immune cells. During the development of GC, 
the expression of Tim-3 in immune cells (natural killer 
and CD8+T cells) is upregulated,14,40–42 which may be 
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the main reason for the significantly increased serum 
sTim-3 levels in newly diagnosed GC patients than in 
healthy individuals.

A previous study combined serum miR-101-3p (a 
small non-coding RNA molecule) and PGI levels and the 
PGI/PGII ratio for the detection of GC. The sensitivity of 

Table 3 Independent Diagnostic Value of Serum Markers in BGD and First-Diagnosis GC

Cut-Off Sensitivity Specificity AUC 95% CI P-value

Control vs BGD sTim-3 (ng/mL) 13.41 64.20% 91.78% 0.8322 0.7686 to 0.8959 <0.0001

PGI (ng/mL) 107.00 50.62% 84.93% 0.6411 0.5522 to 0.7301 0.0025

PGII (ng/mL) 16.28 41.98% 84.93% 0.6023 0.5122 to 0.6924 0.0286

PGI/PGII 9.55 71.25% 84.93% 0.8009 0.7277 to 0.8742 <0.0001

Control vs First-diagnosis 

GC

sTim-3 (ng/mL) 14.30 73.98% 95.89% 0.9093 0.8693 to 0.9493 <0.0001

PGI (ng/mL) 88.80 47.06% 93.15% 0.6018 0.5211 to 0.6819 0.0180

PGII (ng/mL) 17.51 41.18% 89.04% 0.6068 0.5278 to 0.6858 0.0131

PGI/PGII 12.11 77.12% 67.12% 0.7773 0.7122 to 0.8424 <0.0001

BGD vs First-diagnosis 

GC

sTim-3 (ng/mL) 19.46 47.15% 85.19% 0.6743 0.5999 to 0.7488 <0.0001

PGI (ng/mL) 209.6 27.73% 87.65% 0.5122 0.4321 to 0.5923 0.7700

PGII (ng/mL) 19.46 33.61% 65.43% 0.5063 0.4238 to 0.5888 0.8793

PGI/PGII 9.51 41.53% 71.25% 0.5410 0.4592 to 0.6229 0.3274

Notes: The diagnostic value of variables was analyzed by ROC analysis. Youden index was used to determine the optimal cut-off value (cut-off). P < 0.05 was considered 
statistically significant. 
Abbreviations: AUC, area under the curve; CI, confidence intervals; PG, pepsinogen; BGD, benign gastric disease; GC, gastric cancer.

Figure 3 Independent diagnostic value of serum sTim-3, PGI, and PGII levels and the PGI/PGII ratio in BGD and first-diagnosis GC patients was analyzed by ROC analysis. 
(A) ROC curves of serum marker levels between the controls and BGD patients; (B) ROC curves of serum marker levels between the control and first-diagnosis GC 
patients; (C) ROC curves of serum marker levels between BGD and first-diagnosis GC patients.
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this method was 77.91%, and the specificity reached 
91.89%,13 indicating satisfactory diagnostic value. In the 
current study, the serum sTim-3 and PGI levels and the 
PGI/PGII ratio were used in combination for the detection 
of GC. The sensitivity of this method was 86.44%, and the 
specificity was 91.78%. This aspect reflects the improved 
diagnostic value of sTim-3 for GC.

Here, we also showed that serum sTim-3 levels in 
BGD patients significantly differed from those in the con-
trols and that the increase in serum sTim-3 levels was 
related to inflammation to a certain extent. Regulatory 
T cell (Treg), inflammatory tissue-associated memory 
T cell (mTreg), and non-associated resting T cell (rTreg) 
subsets are the main immunosuppressors. mTreg propor-
tions are elevated during the inflammatory phase, and they 
accumulate during inflammation, significantly elevating 

Tim-3 expression.43 Therefore, high Tim-3 expression is 
associated with inflammation. In addition, the combination 
of sTim-3 and PGII levels (AUC: 0.6775, sensitivity: 
50.00%, and specificity: 81.48%) is valuable in distin-
guishing BGD from GC, and the combination of the two 
indicators can provide a clinical reference value for dis-
tinguishing BGD from GC. In the current study, serum 
sTim-3 levels in the controls and BGD and first-diagnosis 
GC patients gradually increased, which may be because 
the patients experienced inflammation first and then devel-
oped cancer, resulting in high serum sTim-3 levels.

The GC and recurrent GC samples were separately eval-
uated because PGI and PGII are secreted by gastric mucosa 
cells. After gastrectomy or partial gastrectomy, numerous 
gastric mucosa cells secreting PGI and PGII are lost, leading 
to low levels of PGI and PGII in the serum. If they are 

Table 4 Diagnostic Value of Serum Marker Combinations in BGD and First-Diagnosis GC

Sensitivity Specificity AUC 95% CI P-value

Control vs BGD PGI + PGI/PGII 67.90% 89.04% 0.8031 0.7300 to 0.8763 <0.0001
sTim-3 + PGI 90.12% 64.38% 0.8537 0.7952 to 0.9123 <0.0001

sTim-3 + PGI/PGII 79.01% 87.67% 0.8879 0.8333 to 0.9424 <0.0001
sTim-3 + PGI + PGI/PGII 79.01% 87.67% 0.8953 0.8425 to 0.9481 <0.0001

Control vs First-diagnosis GC PGII + PGI/PGII 82.20% 67.12% 0.7958 0.7315 to 0.8601 <0.0001
sTim-3 + PGII 77.97% 95.89% 0.9135 0.8739 to 0.9535 <0.0001

sTim-3 + PGI/PGII 86.44% 91.78% 0.9330 0.8977 to 0.9683 <0.0001
sTim-3 + PGII + PGI/PGII 89.83% 89.04% 0.9438 0.9129 to 0.9746 <0.0001

BGD vs First-diagnosis GC PGII + PGI/PGII 56.78% 51.85% 0.5161 0.4343 to 0.6978 <0.0001
sTim-3 + PGII 50.00% 81.48% 0.6775 0.6026 to 0.7525 <0.0001

sTim-3 + PGI/PGII 56.78% 72.84% 0.6735 0.5982 to 0.7487 0.7005

sTim-3 + PGII + PGI/PGII 52.54% 79.00% 0.6775 0.6026 to 0.7525 <0.0001

Notes: The diagnostic value of variables was analyzed by ROC analysis. Youden index was used to determine the optimal cut-off value (cut-off). P < 0.05 was considered 
statistically significant. 
Abbreviations: AUC, area under the curve; CI, confidence interval; PG, pepsinogen; BGD, benign gastric disease; GC, gastric cancer.

Table 5 Positive Detection Rate of the New Cut-Off Value of Combined Detection in BGD and GC

Group Index Number of 
Positive Control 

Detections 
(n=73)

Number of 
Positive BGD 

Detections 
(n=81)

Number of Positive 
First-Diagnosis GC 
Detections (n=123)

BGD diagnosis PGI/PGII < 9.55 and sTim-3 > 13.41 ng/mL 0 (0%) 37 (45.68%) 50 (40.65%)
PGI/PGII < 9.55 or sTim-3 > 13.41 ng/mL 16 (21.92%) 68 (83.95%) 113 (91.87%)

GC diagnosis PGI/PGII < 12.11 and sTim-3 > 14.30 ng/mL 0 (0%) 29 (35.80%) 67 (54.47%)
PGI/PGII > 12.11 or sTim-3 > 14.30 ng/mL 19 (26.03%) 70 (86.42%) 115 (93.59%)

Distinguish BGD from 

GC

PGII>19.46 ng/mL or sTm-3 > 19.46ng/mL 0 (0%) 3 (3.70%) 25 (20.33%)

PGII>19.46 ng/mL or sTm-3 > 19.46ng/mL 12 (16.44%) 36 (44.44%) 82 (66.67%)

Abbreviations: PG, pepsinogen; BGD, benign gastric disease; GC, gastric cancer. The Youden index was used to determine the optimal cut-off value (cut-off).
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evaluated together, the accuracy of detecting GC samples 
using PG levels will be affected. Notably, we divided GC 
patients into four clinical stages at initial diagnosis. With the 
progress of staging (ie, from stages I to IV), the levels of serum 
sTim-3 gradually increased. Post-operative GC patients were 
divided into recurrence and no recurrence groups to further 
explore the diagnostic value of serum sTim-3 levels for post- 
operative GC. The recurrence group had higher serum sTim-3 
levels than the no recurrence group. Thus, we hypothesized 
that sTim-3 levels are related to GC recurrence. Tim-3 is also 
associated with the poor prognosis of patients with different 
types of tumors.36 Our results suggest that serum sTim-3 levels 
can be used to monitor the progression of GC and post- 
operative recovery.

In this study, TRFIA was used to quantitatively determine 
the serum levels of sTim-3 and PG. TRFIA has the advantages 
of high sensitivity and stability.44 This method is convenient 
for clinical diagnosis using the quantitative determination of 
serum sTim-3 and PG levels. Our results show that serum 
sTim-3 levels can be used to distinguish the controls from GC 
patients; in addition, they can be combined with PG levels as 
an auxiliary indicator for the early diagnosis of GC. When the 
PGI/PGII ratio was less than 12.11 and sTim-3 levels 
exceeded 14.30 ng/mL, the positive detection rate of the con-
trols declined from 15.01% to 0%, although the positive 
detection rate of GC when PG alone was detected was negli-
gibly reduced. In addition, when both PGII and sTim-3 levels 
exceeded 19.46 ng/mL, the positive detection rate of the con-
trols, BGD, and GC was 0%, 3.70%, and 20.33%, respec-
tively, indicating its use in distinguishing BGD from GC.

Conclusion
Serum sTim-3 levels in BGD and GC patients were sig-
nificantly higher than those in healthy controls. sTim-3 
may also help in monitoring the progression of GC and 
post-operative recurrence of GC. The detection of GC by 
the combined detection of serum sTim-3 and PG levels 
significantly improved their individual sensitivity and 
helped in distinguishing BGD from GC.
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