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Objective: To evaluate the clinical value of serum soluble T cell immunoglobulin 3 (sTim-3) on postoperative recurrence of breast
cancer (BC).

Methods: A highly sensitive time-resolved fluorescence immunoassay (TRFIA) was employed to measure sTim-3. Quantification of
serum sTim-3 in 172 BC patients more than one-year postoperative (96 patients with stage I + II, 76 patients with stage III + IV; 31
patients with postoperative recurrence, and 141 patients with postoperative non-recurrence) and 51 healthy controls (HC). To evaluate
the difference of serum sTim-3 in different stages of BC and its clinical value for postoperative recurrence of BC.

Results: The serum sTim-3 level of BC patients with stage III + IV (21.62 (17.27, 29.78)) were significantly higher than HC (4.49
(3.30, 7.60)), patients with stage I + II (14.96 + 4.94) (P < 0.0001). Serum sTim-3 level of BC patients with postoperative recurrence
(21.8(12.40,34.20) were significantly higher than those without recurrence (17.13 + 6.44) (P = 0.0130). When the serum sTim-3 level
was below 11.8 ng/mL, the negative predictive values of sTim-3, CEA and CA15-3 were 90.9%, 68.0% and 67.1%, respectively, and
the negative likelihood ratios were 0.16, 0.77 and 0.81, respectively. The positive rate of combined detection of sTim-3, CEA and
CA15-3 was 58.1%, higher than single detection of CEA (22.6%) and CA15-3 (19.4%).

Conclusion: Serum sTim-3 levels may assist in the staging of BC. Combined detection of sTim-3, CEA, and CA15-3 can be used to
routinely monitor the progression of BC and indicate the risk of postoperative BC recurrence.
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Introduction
Breast Cancer (BC) is one of the most common malignant tumors in women worldwide' and one of the major cancers
that cause death in women.”> BC patients usually face poor prognosis,’ high recurrence rate,* and short survival.’
Prevention and early detection of postoperative recurrence are very important, and long-term monitoring of the disease
is required. At present, the clinical monitoring of postoperative BC is mainly through imaging examination,® immuno-
histochemical examination,” tumor marker screening™’ and other methods. However, the imaging examination is greatly
affected by the scope of examination. In the early stage of the tumor, malignant transformation of cells may have
occurred, but no obvious structural changes have been formed, which makes it difficult to detect the imaging examina-
tion, so the diagnosis exists hysteresis.'® Immunohistochemical examination is more invasive and difficult to achieve
routinely monitoring.” CEA and CA15-3 are the most commonly used biomarkers in BC recurrence. However, the levels
of CEA and CA15-3 in postoperative BC patients will fluctuate within a narrow range,'' and their sensitivity is relatively
low.'#!? It is necessary to explore biomarkers with more detection efficacy and more suitable for routine monitoring to
assist in assessing the risk of recurrence in patients with BC after surgery.

Recent studies have found that immune checkpoint T cell immunoglobulin 3 (Tim-3) plays a certain role in the
auxiliary diagnosis of BC.'* Tim-3 is an immune checkpoint molecule, available in both soluble (sTim-3) and membrane
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binding forms.'® sTim-3 is produced through the cleavage of membrane-bound Tim-3 by the action of the metallopro-
teinases ADAM10 and ADAM17.'® Recent studies have shown that the expression of Tim-3 can promote the progression
of BC'” and can be used as a biomarker of BC. Its expression level is significantly correlated with traditional tumor
markers, which has potential application value in the diagnosis and treatment of BC.'® These studies are based on cellular
level analysis of the diagnostic value of Tim-3 in BC, and there are no reports on the indicative role of serum sTim-3 in
postoperative recurrence of BC.

Therefore, in this study, we employed a high sensitivity time-resolved fluorescence immunoassay (TRFIA) to detect
serum sTim-3 levels in the BC patients with postoperative and HC, and analyzed the discriminative value of sTim-3 for
the postoperative recurrence of BC.

Materials and Methods

Instruments and Reagents

The Tim-3 antigen and two antibodies targeting different epitopes of the antigen (capture antibody and detection
antibody) were purchased from Sino Biological Inc. Coating buffer, assay buffer, enhancement solution, blocking
solution and washing buffer were provided by Zhejiang Bosh Biotechnology Co., Ltd.

The 96-well microtiter plates were purchased from Xiamen Yunpeng Technology Development Co., Ltd. The time-
resolved fluorescence immunoassay analyzer HG-1000 was purchased from Foshan Daan Medical Equipment Co., Ltd.
The washing machine DM-3 was purchased from Darui Biotechnology Co., Ltd. The micro shaker was purchased from
Kangjian Medical Supplies Co., Ltd.

Serum Samples and Storage

This study was approved by the Ethics Committee of Xiaoshan Affiliated Hospital (approval No. 2021-011). The
samples were collected from 172 BC patients at Xiaoshan Hospital in Zhejiang Province for more than one year from
September 1, 2020 to December 31, 2022. The BC patients had symptoms such as breast lumps, sunken or red skin,
nipple discharge or blood discharge, and breast shape change before surgery. All patients in this study underwent sentinel
lymph node biopsy, axillary lymph node dissection and radical mastectomy. And 51 healthy subjects were collected in
physical examination center of Xiaoshan Hospital of Zhejiang Province. Venous blood was collected SmL, centrifuged at
4000rpm for 5Smin, serum samples were collected, and stored in the refrigerator at —80°C until use. The sample screening
process is shown in Figure 1.

Inclusion criteria of healthy subjects: 1) All healthy subjects were adults; 2) The tumor markers and imaging
examinations were taken in the hospital. The tumor markers were negative and the imaging examinations showed no
abnormality.

Inclusion criteria for postoperative BC patients: 1) Patients diagnosed clinically and pathologically more than 1 year
before blood collection underwent radical resection of tumors; 2) The stages were determined by immunohistochemical
analysis more than 1 year before blood collection (stage I + II (n = 96), stage III + IV (n = 76)).

Exclusion criteria for postoperative BC patients: 1) combined with a history of other malignant tumors and other
major diseases; 2) Staging was not determined by immunohistochemical analysis; 3) Patients who may interfere with the
level of target biomarkers: such as patients with severe infection.

Healthy controls from the physical examination Center of Xiaoshan Patients with malignant tumors from Xiaoshan Hospital of Zhejiang
Hospital of Zhejiang Province(n=73) Province from September 1, 2020 to December 31,2022 (n=225)

Incomplete pathological data or

clinical data(n=16)
in =2)) i
Incomplted clinical data(n=22)/ <& C Patients with BC with completed clinical data (n=209) )

Patients with a history of other
|

I malignant tumors (n=37)
( Healthy controls(n=51) ) ( Patients with BC (n=172) )

Figure | Flow diagram of BC patients, and healthy controls enrolled in the study.
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The diagnostic criteria of postoperative recurrence and metastasis of BC are as follows:' 1) recurrence or
metastasis confirmed by pathological biopsy; 2) Clinical diagnosis of BC recurrence through imaging, tumor marker
examination, patient signs and symptoms (Postoperative recurrence of BC (n = 31), No recurrence of BC after surgery
(n = 141)).

The diagnostic criteria of postoperative BC without recurrence and metastasis are as follows:'? 1) no recurrence or
metastasis confirmed by pathological biopsy; 2) Imaging, tumor marker examination, patient signs and symptoms
showed no positive symptoms.

Detection Method

The TRFIA was established by Chen et al*’ was used to detect the serum sTim-3 levels in healthy subjects and BC
patients. We used double antibody sandwich method for detection. The Tim-3 capture antibody was diluted to 2ug/mL
with coating buffer, and 100 uL was added to each well, overnight at 4°C, and washed once with washing buffer. Add
150 uL of blocking solution and let stand for 2 h. Pour off the blocking solution and dry under vacuum drying
environment for more than 2h. Add 100 uL of standard or serum, react at 37°C for 1h, wash with washing buffer
twice, add 100 uL of Eu-labeled Tim-3 antibody, react at 37°C for 1h, wash the plate with washing buffer for 6 times, add
100 uL of enhancement solution and detect the level of serum sTim-3.

Data Analysis

IBM SPSS Statistics version 26 was used for data analysis. Binary logistic regression was used to fit the combined
variables, and the receiver operating characteristic (ROC) curve of the combined detection was constructed using the
fitted probability variables. Statistic data are expressed as quartiles Q2 (Q1, Q3). Analysis of variance (ANOVA) was
used to analyze the differences between groups. Statistical analysis was performed using GraphPad Prism 10.1
(GraphPad Software Company), and the best sensitivity and specificity of the combined diagnosis was determined by
Jorden index.

Results
Comparison of Indicators (sTim-3, CEA, CAI5-3) Between Healthy Individuals and

Patients

Serum sTim-3 levels in BC patients (17.40 (12.95, 21.71)) were significantly higher than HC (4.49 (3.30, 7.60))
(Figure 2A; P < 0.0001); CEA levels (1.49 (1.00, 2.43)) were slightly higher than HC (0.79 (0.53, 1.58)) (Figure 2B;
P =0.1092), but not statistically significant; CA15-3 levels (7.50 (5.60, 12.70)) were slightly higher than HC (6.00 (5.10,
9.10)) (Figure 2C; P = 0.1302), but not statistically significant (Table 1).

Comparison of Indicators (sTim-3, CEA, CAI5-3) Between Healthy Individuals and
Patients with BC by Clinical Stage

The analysis of BC patients who were grouped by immunohistochemical analysis found that (Figure 2D-F. Table 2),
serum sTim-3 level increased with the increase of stage (HC (4.49(3.30,7.60)); Stage I + II (14.60 (11.90, 18.94)); Stage
I + 1V (21.62(17.27,29.78))). However, CEA and CA15-3 levels did not change significantly.

Comparison of Indicators (sTim-3, CEA, CAI5-3) Between Postoperative Recurrence

and Non-Recurrence of BC Patients

There were 31 patients with BC recurrence through follow-up, and the serum sTim-3 level was higher in BC patients
with recurrence (21.8(12.40,34.20) than non-recurrence (17.27 (12.99, 20.85)) (Figure 2G, P = 0.0130). Although there
were differences in the levels of CEA (Figure 2H, P <0.0001) and CA15-3 (Figure 21, P = 0.0320) between patients with
recurrence and non-recurrence, their levels were mostly lower than cut-off value, and the difference was not significant
compared with HC (Table 3).
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Figure 2 (A) sTim-3 levels in controls and BC patients; (B) CEA levels in controls and BC patients; (C) CAI5-3 levels in controls and BC patients; (D) sTim-3 levels in
controls, stagel+ll, stage IlI+IV BC patients; (E) CEA levels in controls, stagel+ll, stage llI+IV BC patients; (F) CA15-3 levels in controls, stagel+ll, stage IlI+IV BC patients;

(G) sTim-3 levels in controls, non-recurrence and recurrence; (H) CEA levels in controls, non-recurrence and recurrence; (I) CA15-3 levels in controls, non-recurrence and
recurrence.

Notes: *: P < 0.05; **: P < 0.01; ¥ P < 0.001; *¥** P < 0.0001.

Evaluation Value of sTim-3, CEA and CAI5-3 in Postoperative Recurrence of BC

The cut-off values of CEA and CA15-3 were provided by the clinic, and CEA was 10 ng/mL and CA15-3 was 31.3 U/mL. The
cut-off value of sTim-3 of postoperative BC patients was determined to be 11.8 ng/mL by means of mean+2*SD of HC. ROC
curves for patients with and without recurrence were constructed (Figure 3). According to the Youden index, the cut-off value
of serum sTim-3 level in BC patients with postoperative recurrence was 21.7 ng/mL (Table 4). Through the analysis of HC and
recurrence patients, it was found (Table 5) that the positive predictive values of CEA and CA15-3 were 100%, indicating the
recurrence of BC. CEA negative patients accounted for 96.5% and CA15-3 negative patients accounted for 95.7% in the BC
patients with postoperative non-recurrence, while CEA negative patients accounted for 77.4% and CA15-3 negative patients
accounted for 80.6% in the BC patients with postoperative recurrence. In other words, CEA and CA15-3 levels were mostly
negative in the HC, the BC patients with postoperative non-recurrence, and the BC patients with postoperative recurrence.
However, when the cut-off value of serum sTim-3 was 11.8 ng/mL, the negative predictive value of serum sTim-3 was
significantly higher than that of CEA and C15-3, and the negative likelihood ratio was significantly lower than that of CEA
and C15-3. According to the analysis of BC patients with and without recurrence (Table 6), when the cut-off value of serum
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Table | Serum Indices in the Healthy Control Group and Patients

With BC
Index Controls (n = 51) | BC Patients (n = 172) | P value
sTim-3 (ng/mL) 4.49 (3.30, 7.60) 17.40 (12.95, 21.71) <0.0001
CEA (ng/mL) 0.79 (0.53, 1.58) 1.49 (1.00, 2.43) 0.1092
CAI5-3 (U/mL) 6.00 (5.10, 9.10) 7.50 (5.60, 12.70) 0.1320
ER+ / (73/172) /
PR+ / (71172) /

Notes: Statistic data are expressed as Q2 (QI, Q3). ER+ and PR+ information is expressed as
(number of positives/total number of groups). And the difference was analyzed by ANOVA
followed by Tukey’s multiple comparison test. P value means the difference between the group
of controls and the group of BC patients.

Abbreviations: ER+, Estrogen receptor-positive; PR+, Progesterone receptor positive.

Table 2 Serum Indices of Stage | + || BC, and Stage Ill +IV BC Groups

Index Stage | + 1l (n = 96) | Stage Ill IV (n =76) | P value
sTim-3 (ng/mL) 14.60 (11.90, 18.94) 21.62 (17.27, 29.78) <0.0001
CEA (ng/mL) 1.30 (0.93, 2.09) 1.75 (1.01, 2.76) 0.2677
CAI5-3 (U/mL) 7.50 (5.60, 11.80) 7.50 (5.70, 15.80) 0.0121

Notes: Statistic data are expressed as quartile Q2 (QI, Q3). And the difference was analyzed by
ANOVA followed by Tukey’s multiple comparison test. P value means the difference between the
group of the Stage | + Il patients and the group of Stage Ill + IV patients.

Table 3 Serum Indices of Recurrence and Non-Recurrence

Index Recurrence (n=31) | Non-Recurrence (n=141) | P value
sTim-3 (ng/mL) 21.8 (12.40, 34.20) 17.27 (12.99, 20.85) 0.0130
CEA (ng/mL) 2.16 (1.12, 8.79) 1.36 (0.93, 2.15) <0.0001
CAI15-3 (U/mL) 10.70 (6.40, 24.80) 7.20 (5.40, 11.85) 0.0320

Notes: Statistic data are expressed as quartile Q2 (QI, Q3). And the difference was analyzed by
ANOVA followed by Tukey’s multiple comparison test. P value means the difference between the
group of the BC recurrence patients and the group of BC non-recurrence patients.

sTim-3 was 21.7 ng/mL, the combined detection of sTim-3, CEA and CA15-3 showed that, the positive detection rate of
postoperative recurrence group (58.1%) was significantly higher than that of CEA (22.6%) and CA15-3 (19.4%) (Table 6).

Discussion

Postoperative recurrence of BC is a complex problem, with initial tumor diameter, tumor stage and lymphatic infiltration
having different effects on recurrence.”’ Postoperative recurrence has always been a constant concern for patients
with BC, and timely postoperative follow-up is a key measure to prevent BC recurrence. Patients are typically assessed
for disease progression by monitoring tumor marker levels and by imaging for potential BC recurrence.”* Both CEA and
CA15-3 are markers associated with BC, but the rate of positive detection for CEA in BC patients with recurrent is
relatively low.*?* CA15-3%° as an indicator for adjuvant diagnosis of BC, postoperative follow-up and metastasis
recurrence, exhibits limited sensitivity to BC*®*” and poor evaluation effect on tumor recurrence. Although imaging
detection is also used for routine radiologic control of BC, because the tumor cells have not undergone morphological
changes in the early stage, and exited hysteresis in diagnosis, and the recurrence of BC cannot be predicted in time.*®
Combined detection of multiple indicators can provide a more reliable monitoring approach for patients at high risk of

postoperative recurrence of BC.
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Figure 3 ROC curve of recurrence and non-recurrence of sTim-3.

Tim-3 is expressed on a variety of immune cells, including CD8+ T cells, Th1 cells, and Th17 cells that produce IFN-
y. In the development of BC, Tim-3 is upregulated on tumor-infiltrating lymphocytes (TILs), which promotes immune
evasion by the tumor and is correlated with poor prognosis in BC patients.”’ As mentioned above, membrane-bound Tim-
3 is cleaved to form sTim-3 by metalloproteinases ADAM10 and ADAM17. In this study, it is found that the level of
sTim-3 in postoperative BC patient group is significantly higher than that in HC group, while CEA and CA15-3 shows no
difference between HC group and postoperative BC patient group. This may be because all or part of the tumor cells have
been removed after BC surgery, and the level of tumor markers is reduced,”*>" and the sensitivity is not high in patients
with BC recurrence, so the difference is not significant compared with HC. However, Tim-3 is expressed on T cells,
which depletes after continuous stimulation by tumor antigens. Even if tumor cells are removed, T cells within the tumor
immune microenvironment persist in expressing Tim-3 due to prior tumor stimulation, thereby maintaining high levels
post-surgery,”* which is significantly different from that of HC. Therefore, the serum sTim-3 level may serve as an
indicator for routine monitoring of postoperative BC patients, aiding in monitoring the progression of BC.

Further analysis reveals that there is no significant distinction in CEA levels between BC patients with stages I + II
and IIT + I'V; however, CA15-3 levels do differ between patients with stages I + II and III + IV. Moreover, serum sTim-3
levels are significantly higher in BC patients with stage III + IV compared to those with stage I + II and HC. The serum

Table 4 The Diagnostic Value of Serum Markers in Recurrence and Non-Recurrence
Patients

Cut-Off | Sensitivity | Specificity | AUC 95% ClI P-value

sTim-3 (ng/mL) | 21.77 51.61% 81.56% | 0.6336 | 0.5056 to 0.7616 | 0.0200

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; Cl, confidence interval.
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Table 5 Comparison of Positive Predictive
Value, Negative Predictive Value and
Negative Likelihood Ratio Between HC and
Postoperative Recurrence Group

Index PPV | NPV | -LR

sTim-3 < 11.8 ng/mL | 96.3% | 90.9% | 0.16
CEA < 10 0.0 ng/mL 100% | 68.0% | 0.77
CAI5-3 <31.3U/mL | 100% | 67.1% | 0.81

Notes: The cut-off value of CEA was 10 ng/mL, and the
cut-off value of CAI5-3 was 31.3 U/mL, which was pro-
vided by the clinic. The cut-off value of HC and
postoperative BC patients was | 1.8 ng/mL by means of
mean+2SD.

Abbreviations: PPV, Positive Predictive Value; NPV,
Negative Predictive Value; -LR, the negative likelihood
ratio.

Table 6 Comparison of Various Data of HC, BC Patients with Postoperative Recurrence and Non-Recurrence Group

Index Controls Recurrence Group Non-Recurrence
(n=5I) (n=31) Group (n = 141)
sTim-3 > 11.8 ng/mL 1 (2.0%) 26 (83.9%) 98 (69.5%)
sTim-3 > 21.7 ng/mL 0 (0%) 16 (51.6%) 19 (13.5%)
CEA > 10 0.0 ng/mL 0 (0%) 7 (22.6%) 5 (3.5%)
CAI15-3 > 31.3 U/mL 0 (0%) 6 (19.4%) 6 (4.3%)
CEA > 10 0.0 ng/mL + CAI5-3 > 31.3 U/mL + sTim-3 > 21.7 ng/mL 0 (0%) 18 (58.1%) 19 (13.5%)

Notes: The cut-off value of CEA was 10ng/mL, and the cut-off value of CA15-3 was 31.3U/mL, which was provided by the clinic. The cut-off value of HC and
postoperative BC patients was | 1.8 ng/mL by means of mean+2SD. The cut-off value of patients with and without recurrence of BC was determined by
Youden index, which was 21.7 ng/mL.

sTim-3 level appears to increase with the advancement of BC stage, which may be associated with the biological
functions of sTim-3 in promoting the proliferation, invasion, and migration of BC cells,'® so we hypothesize that the
serum sTim-3 level could assist in the clinical determination of BC stage.

In addition, studies have found that the serum sTim-3 level appears to increase with the advancement of BC stage,
which may be associated with the biological functions of sTim-3 in promoting the proliferation, invasion, and migration
of BC cells.'® We find that no difference in CEA between stage I + II and stage III + IV BC patients through studies.
Although CA15-3 was different in BC patients with stage I + II and stage III + IV, the difference of sTim-3 level was
more significant in BC patients with stage I+ II and stage III + IV. Therefore, we speculate that serum sTim-3 level can
assist clinical determination of BC stage.

In addition, BC has a poor prognosis and is prone to recurrence. In the analysis of various indicators in the group
of BC patients with recurrence, we find that the positive prediction rates of CEA and CA15-3 were 100%, that is, when
the level of CEA and CA15-3 is higher than the cut-off value, it can indicate BC recurrence. However, we find that
77.4% of BC patients with postoperative recurrence have negative CEA levels and 80.6% have negative CA15-3 levels.
There is no significant difference between these patients and the HC group and the group with postoperative non-
recurrence. Therefore, negative CEA and CA15-3 levels cannot indicate that there is no recurrence risk after BC surgery,
nor does it mean that the postoperative prognosis of BC is good. This is because CEA and CA15-3 are less sensitive in
patients with recurrence. The levels of CEA and CA15-3 were still negative.'! Our analysis of HC group, BC patients
with postoperative recurrence and non-recurrence find that there are significant differences in serum sTim-3 levels among
HC group, BC patients with postoperative recurrence group and with non-recurrence group. When the serum sTim-3
level was lower than 11.8 ng/mL, the negative prediction rate of serum sTim-3 in the HC group and the postoperative
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recurrence group is 90.9%, and the negative likelihood ratio is 0.16, indicating that serum sTim-3 has high specificity and
is more reliable in excluding disease. This is due to the enhanced immunosuppression in the tumor microenvironment
after BC recurrence, which promotes T cell depletion, increases serum sTim-3 expression, and significant changes in
serum sTim-3 levels in BC patients with post-operative recurrence®*). Therefore, when the serum sTim-3 level is below
11.8 ng/mL, it can indicate a low risk of BC recurrence.

Through the combined detection of serum sTim-3, CEA and CA15-3, we find that the positive rate of the combined
detection is higher than that of the single detection of CEA and CA15-3 when analyzing the BC patients with
postoperative recurrence and non-recurrence. That is, when sTim-3 is higher than 21.7 ng/mL, CEA is higher than 10
ng/mL, and CA15-3 is higher than 31.3 U/mL, it can indicate a high risk of BC recurrence. Therefore, serum sTim-3 can
be applied with CEA and CA15-3 in the routine monitoring of BC as a judgement indicator for assessing BC recurrence.

In addition, this study is a cross-sectional study, so it cannot accurately determine the causal relationship between
serum sTim-3 level and postoperative progression of BC. Future prospective studies are needed to explore the changes in
serum sTim-3 level during the development of BC. Secondly, the study lacks long-term follow-up data. Follow-up
studies can focus on establishing a follow-up information management data platform from the beginning of BC
diagnosis, and accumulating follow-up data until the patients are cured or died, so as to deeply explore the clinical
application value of serum sTim-3 level in BC prognosis.

In summary, this study quantitatively measured serum sTim-3 levels in postoperative BC patients. The study found
that the combined detection of serum sTim-3, CEA, CA15-3 levels is helpful to determine the clinical staging of BC.
When the serum sTim-3 level is less than 11.8 ng/mL, it can be used to clinically indicate a lower risk of BC recurrence.
Serum sTim-3 level can be used for routine monitoring of BC progression, and can be used as an auxiliary indicator
of BC recurrence risk.
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