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Abstract

One of the most prevalent types of cancer among women is ovarian cancer. The search
for ovarian cancer markers is constantly ongoing. Evaluation of LAG-3 and TIM-3 pro-
tein expression in ovarian cancer tissue and its role in distinguishing the clinical signs
stated were the objectives of this study. Methods: A total of 58 ovarian cancer patients
were recruited for this study. The cohort was split into two groups: one for high-grade
serous ovarian cancer (HGSOC) and another for ovarian cancer that was not HGSOC
(non-HGSOC). LAG-3 and TIM-3 protein expression in ovarian cancer tissue samples was
evaluated by immunohistochemistry. StatView 5.0 software (Carry, NC, USA) was used for
all statistical analyses. Both LAG-3 and TIM-3 proteins mostly showed positive, moderately
positive, or strongly positive expression. This study shows that LAG-3 could be a marker
associated with BMI in the non-HGSOC group. TIM-3 may be a marker associated with age
in a group of all ovarian cancers. LAG-3 expression is associated with TIM-3 expression in
the total cohort and the HGSOC and non-HGSOC groups.

Keywords: immune biomarker; ovarian cancer; HGSOC; marker; TIM-3; LAG-3; expression

1. Introduction

Ovarian cancer (OC) is the eighth most common cancer in women, making it an
important focus in contemporary oncology [1]. The American Cancer Society’s Cancer
Statistics Center estimates that in 2024 in the United States, about 19,680 women will receive
a new diagnosis of OC, and about 12,740 women will die from it [2]. There are no specific
symptoms of OC in its early stages; progression to advanced stages is often rapid. As a
result, more than 70% of patients are diagnosed at an advanced stage of the disease [3].
Currently, there is no effective screening method for OC. Commonly used tests, such as
Cancer Antigen 125 (CA-125) or Human Epididymis Protein 4 (HE4) levels in the blood, are
of limited value due to low specificity, and their levels increase in other cancers and other

Int. J. Mol. Sci. 2025, 26, 5996

https://doi.org/10.3390/ijms26135996


https://doi.org/10.3390/ijms26135996
https://doi.org/10.3390/ijms26135996
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0001-6259-5052
https://orcid.org/0000-0002-1176-2153
https://orcid.org/0000-0003-4300-4557
https://orcid.org/0000-0002-4472-0830
https://orcid.org/0000-0002-6425-1648
https://orcid.org/0000-0002-6853-9155
https://orcid.org/0000-0002-3171-225X
https://orcid.org/0000-0002-7513-8640
https://doi.org/10.3390/ijms26135996
https://www.mdpi.com/article/10.3390/ijms26135996?type=check_update&version=1

Int. J. Mol. Sci. 2025, 26, 5996

20f13

conditions [4,5]. Multicenter, long-term randomized trials have not shown a significant re-
duction in mortality in patients undergoing screening [6,7]. Therefore, in addition to efforts
aimed at improving early diagnosis, it is crucial to explore and develop new therapeutic
strategies. Recent advances in oncology are increasingly moving toward personalized
medicine. Furthermore, intensive research on cancer biomarkers has opened new avenues
for individualized treatment approaches [8]. Inhibitors targeting Programmed Death-1
(PD-1), Programmed Death-Ligand 1 (PD-L1), and Cytotoxic T-Lymphocyte-Associated
Protein 4 (CTLA-4) have recently contributed to the development of novel clinical anti-
cancer strategies [9,10]. However, many OC patients are either inherently resistant to these
inhibitors or eventually develop resistance, highlighting the need to identify alternative tar-
gets [10]. Our team conducted a literature review on the role of T-cell immunoglobulin and
mucin domain-containing protein 3 (TIM-3) and Lymphocyte Activation Gene 3 (LAG-3) in
the tumor microenvironment and immunotherapy of ovarian cancer [11]. Both proteins
appear to be promising biomarkers due to their differential expression and their role as
immune checkpoint molecules, potentially serving as effective targets for personalized
antibody-based cancer therapies. TIM-3 protein as the inhibitory checkpoint receptor has
previously drawn attention due to its expression on activated CD4+ and CD8+ T cells [12].
The protein was initially studied for its involvement in allergic reactions and autoimmune
diseases due to the location of the TIM protein gene on chromosomes at sites associated
with allergies and autoimmunity [13]. Currently, its expression has been studied in gastric
cancer tissues [14] and in non-small cell lung cancer, and the literature analyzes it not only
as a prognostic marker but also sees it as a target with great therapeutic potential if a patient
develops resistance to anti-PD1 therapy [15,16]. As for the study of TIM-3 in gynecologic
cancers, it showed that PD-L1 and TIM-3 are prognostically significant biomarkers of active
and suppressed immune responses against high-grade serous ovarian cancer, and this
study demonstrated that TIM-3 dictates the functional orientation of immune infiltration
in ovarian cancer [17]. Another study showed that genetic variants and expression of
the TIM-3 gene are associated with clinical prognosis in patients with epithelial ovarian
cancer [18].

Like TIM-3, LAG-3 is an immune checkpoint that is expressed on the surface of
many immune cells [19]. T cell exhaustion can result from the co-expression of LAG-3
with other immunological checkpoints [20]. These exhausted T cells are less cytotoxic
and less able to generate cytokines, which affects their capacity to identify and eliminate
tumor cells [21]. LAG-3 has been studied in various gynecological cancers: endometrioid
endometrial cancer, high-grade serous ovarian cancer (HGSOC), and clear cell ovarian
cancer [22-24]. A study of LAG-3 as a potential immunotherapeutic target for microsatellite-
stable, PD-L1+ endometrioid endometrial cancer has substantiated that LAG-3 may be a
potential target for immunotherapy in this cancer [22]. In patients with high-grade serous
ovarian cancer (HGSOC), it was shown that circulating LAG-3 is associated with better
survival in this cancer [23]. In clear cell ovarian cancer, increased LAG-3 expression in
tumor-infiltrating lymphocytes was associated with FIGO stages III and IV and in cases of
cancer recurrence [24].

The purpose of this study was to evaluate LAG-3 and TIM-3 protein expression in
ovarian cancer tissue and its association with clinical features.

2. Results
2.1. Group Characteristics and Evaluation of Tissue Expression

The expression of LAG-3 and TIM-3 was analyzed in both the non-HGSOC group
and the HGSOC group. In each group, expression intensity was classified into the fol-
lowing categories: 0—negative reaction, 1—weakly positive reaction, 2—positive reaction,
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3—moderately positive reaction, and 4—strongly positive reaction. The immunohistochem-
ical expression is illustrated in Figure 1.
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Figure 1. IHC evaluation of LAG-3 and TIM-3: study and control group samples: 0—negative reaction;
1—weakly positive reaction; 2—positive reaction; 3—moderately positive reaction; 4—strongly
positive reaction. Objective magnification x20, scale bars 50 pm.

A total of 11% showed negative expression (intensity: 0) of LAG-3 in the low-grade
group. A total of 28% showed weakly positive expression (intensity: 1). A total of 39%
showed positive expression (intensity: 2), making it the most common category. A total of
22% showed moderate expression (intensity: 3). There were no cases with strong LAG-3
expression (intensity: 4) in the low-grade group.

A total of 30% showed no expression (intensity: 0) of LAG-3 in the high-grade group.
A total of 20% showed weakly positive expression (intensity: 1). Positive expression
(intensity: 2) was the most commonly observed expression in the high-grade group and
accounted for 35%. Moderate expression (intensity: 3) of LAG-3 was observed in 15%
of cases. There were no cases with strong LAG-3 expression (intensity: 4) in the high-
grade group.

There were no cases with negative expression (intensity: 0) of TIM-3 in the low-grade
group. A total of 17% showed weakly positive expression (intensity: 1), and 22% showed
positive expression (intensity: 2). A total of 44% showed moderate expression (intensity: 3),
making it the most common category. A total of 17% showed strong expression (intensity: 4)
of TIM-3.

A total of 18% showed no expression (intensity: 0) of TIM-3 in the high-grade group.
A total of 20% showed weakly positive expression (intensity: 1) of TIM-3. A total of 27%
showed positive expression (intensity: 2). The most commonly observed category was
moderate expression (intensity: 3), present in 30% of cases. A total of 5% showed strong
expression (intensity: 4).

To further explore potential associations, clinical-demographical characteristics were
analyzed. Considering age and BMI as continuous characteristics, there was a significant
difference in age between the HGSOC and non-HGSOC groups (p = 0.005). The difference in
BMI between the two groups was not significant. The clinical-demographical characteristics
tested were then divided into two subgroups and compared between HGSOC and non-
HGSOC groups. Details of the group characteristics are shown in Table 1.
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Table 1. Clinical-demographical characteristics. * Fisher’s exact p-value; OR—odds ratio;
Cl—confidence interval; NS—non-significant.

Clinical-Demographical Total Cohort Non-HGSOC HGSOC R N o
Characteristics (n =58) (n =26) (n=32) p-Value OR (95%CI)
Median (IQR)
Age (years old) 63.0 (20) 51.0 (23) 63.5 (12.5) 0.005
BMI (kg/m?) 24.7 (6.9) 25.4 (6.6) 23.4 (7.1) NS
Number (%)
LAG-3 protein expression intensity
0-1 27 (46.6%) 11 (42.3%) 16 (50%) NS 0.7 (0.3-2.1)
2-4 31 (53.4%) 15 (57.7%) 16 (50%)
TIM-3 protein expression intensity
0-1 18 (31.0%) 6 (23.1%) 12 (37.5%) NS 0.5 (0.2-1.6)
2-4 40 (69.0%) 20 (76.9%) 20 (62.5%)
Age (years old)
<65 33 (56.9%) 17 (65.4%) 16 (50%) NS
>65 25 (43.1%) 9 (34.6%) 16 (50%)
BMI
<25 30 (51.7%) 11 (42.3%) 19 (59.4%) NS
>25 28 (48.3%) 15 (57.7%) 13 (40.6%)
Menopausal status
Premenopausal 20 (34.5%) 14 (53.8%) 6 (18.7%) 0.006
Postmenopausal 38 (65.5%) 12 (46.2%) 26 (81.3%) '
Grade
High (G2 + G3) 40 (69.0%) 8 (30.8%) 32 (100%) 0.0001
Low (G1) 18 (31.0%) 18 (69.2%) 0 (0%) :
Histological type
Serous 44 (75.9%) 12 (46.2%) 32 (100%) 0.0001
Non-serous 14 (24.1%) 14 (53.8%) 0 (0%) :
FIGO
-1 19 (32.8%) 15 (57.7%) 4 (12.5%) 0,000
I-1v 39 (67.2%) 11 (42.3%) 28 (87.5%) :

2.2. Comparison of Tissue Expression of LAG-3 Between Non-HGSOC and HGSOC

In the group of 0-1 LAG-3 protein expression intensity, clinical features were compared
between HGSOC and non-HGSOC. There was a significant difference in grade (p = 0.0002)
and histological type (p = 0.0008). For menopausal status, FIGO, BMI, and age differences
were not significant. Details are shown in Table 2.

In the group of 2-4 LAG-3 protein expression intensity, clinical features were compared
between HGSOC and non-HGSOC. There was a significant difference in grade (p = 0.0001),
histological type (p = 0.0007), menopausal status (p = 0.005), FIGO stage (p = 0.001), and
BMI (p = 0.04). Differences in age were not significant. Details are shown in Table 3.

2.3. Comparison of Tissue Expression of TIM-3 Between Non-HGSOC and HGSOC

In the group of 0-1 TIM-3 protein expression intensity, clinical features were compared
between HGSOC and non-HGSOC. There was a significant difference in grade (p = 0.007),
histologic type (p = 0.007), and FIGO stage (p = 0.04). Differences in menopausal status,
BMI, and age were not significant. Details are shown in Table 4.
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Table 2. Comparison of clinical characteristics in groups 0-1 of LAG-3 protein expression intensity
between HGSOC and non-HGSOC. * Fisher’s exact p-value; NS—non-significant.

Non-HGSOC HGSOC Value *
(n=11) (1 = 16) p-yalae

LAG-3 (0-1)
Grade

High 4 (36.4%) 16 (100%)

Low 7 (63.6%) 0 (0%) 0.0002
Histological type

serous 5 (45.5%) 16 (100%)

Non-serous 6 (54.5%) 0 (0%) 0.0008
Menopausal status

Premenopausal 5 (45.5%) 4 (25%) NS

Postmenopausal 6 (54.5%) 12 (75%)
FIGO

I-I 6 (54.5%) 3 (18.8%) NS

mI-1v 5 (45.5%) 13 (81.2%)
BMI

<25 7 (63.6%) 9 (56.3%) NS

>25 4 (36.4%) 7 (43.7%)
Age

<65 7 (63.6%) 9 (56.3%) NS

>65 4 (36.4%) 7 (43.7%)

Table 3. Comparison of clinical characteristics in groups 2-4 of LAG-3 protein expression intensity
between HGSOC and non-HGSOC. * Fisher’s exact p-value; NS—non-significant.
Non-HGSOC HGSOC Value *
(1 = 15) (n = 16) p-vatie

LAG-3 (2-4)
Grade

High 4 (26.7%) 16 (100%)

Low 11 (73.3%) 0 (0%) 0.0001
Histological type

Serous 7 (46.7%) 16 (100%)

Non-serous 8 (53.3%) 0 (0%) 0.0007
Menopausal status

Premenopausal 9 (60%) 2 (12.5%) 0.005

Postmenopausal 6 (40%) 14 (87.5%) :
FIGO

-0 9 (60%) 1 (6.3%) 0.001

m-1v 6 (40%) 15 (93.7%) ’
BMI

<25 4 (26.7%) 10 (62.5%) 0.04

>25 11 (73.3%) 6 (37.5%) ’
Age

1 7% 7 (43.8%
<65 0 (66.7%) (43.8%) NS

>65 5 (33.3%) 9 (56.2%)
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Table 4. Comparison of clinical characteristics in groups 0-1 of TIM-3 protein expression intensity
between HGSOC and non-HGSOC. * Fisher’s exact p-value; NS—non-significant.

Non-HGSOC HGSOC Value *
(n=6) (n=12) p-yatie
TIM-3 (0-1)
Grade
High 3 (50%) 12 (100%) 0.007
Low 3 (50%) 0 (0%) ‘
Histological type
Serous 3 (50%) 12 (100%) 0.007
Non-serous 3 (50%) 0 (0%) ’
Menopausal status
Premenopausal 2 (33.3%) 1 (8.3%) NS
Postmenopausal 4 (66.7%) 11 (91.7%)
FIGO
I-I1 3 (50%) 1 (8.3%) 0.04
M-IV 3 (50%) 11 (91.7%) :
BMI
<25 4 (66.7%) 8 (66.7%) NS
>25 2 (33.3%) 4(33.3%)
Age
<65 4 (66.7%) 6 (50%) NS
>65 2 (33.3%) 6 (50%)
In the group of 2-4 TIM-3 protein expression intensity, clinical features were compared
between HGSOC and non-HGSOC. There was a significant difference in grade (p = 0.0001),
histologic type (p = 0.0001), and FIGO stage (p = 0.003). Differences in menopausal status,
BMI, and age were not significant. Details are shown in Table 5.
Table 5. Comparison of clinical characteristics in the groups of 2-4 TIM-3 protein expression intensity
between HGSOC and non-HGSOC. * Fisher’s exact p-value; NS—non-significant.
Non-HGSOC HGSOC Value *
(n = 20) (n = 20) P
TIM-3 (2-4)
Grade
High 5 (25%) 20 (100%)
Low 15 (75%) 0 (0%) 0.0001
Histological type
Serous 9 (45%) 20 (100%)
Non-serous 11 (55%) 0 (0%) 0.0001
Menopausal status
Premenopausal 12 (60%) 15 (75%) NS
Postmenopausal 8 (40%) 5 (25%)
FIGO
I-I1 12 (60%) 3 (15%)
M-V 8 (40%) 17 (85%) 0.003
BMI
<25 7 (35%) 11 (55%) NS
>25 13 (65%) 9 (45%)
Age
<65 13 (65%) 10 (50%) NS

>65 7 (35%) 10 (50%)
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2.4. Association of LAG-3 and TIM-3 Protein Expression with Clinical Features

Correlations between LAG-3 and TIM-3 protein expression and the described clinical
features were evaluated. In the total ovarian cancer cohort (HGSOC and non-HGSOCQ),
there was a weak negative significant correlation between TIM-3 and age (r = —0.291)
and a moderately positive significant correlation between TIM-3 and LAG-3 (r = 0.609).
For the HGSOC group, there was a moderately positive significant relationship between
LAG-3 and TIM-3 (r = 0.535). For the non-HGSOC group, there was a fairly strong positive
significant relationship between LAG-3 and TIM-3 (r = 0.710) and a moderately positive
significant relationship between LAG-3 and BMI (r = 0.405). Detailed data are shown in
Tables 6-8.

Table 6. Spearman’s rank correlations for the total ovarian cancer cohort.

Rho p-Value

LAG-3, TIM-3 0.609 <0.0001
LAG-3, age —0.068 0.6129
LAG-3, BMI 0.143 0.2864
TIM-3, age ~0.291 0.0262
TIM-3, BMI 0.063 0.6387

Table 7. Spearman’s rank correlations for the HGSOC.

Rho p-Value

LAG-3, TIM-3 0.535 0.0013
LAG-3, age 0.125 0.4995
LAG-3, BMI —0.084 0.6515
TIM-3, age —0.161 0.3828
TIM-3, BMI -0.114 0.5387

Table 8. Spearman’s rank correlations for the non-HGSOC.

Rho p-Value

LAG-3, TIM-3 0.710 <0.0001
LAG-3, age —0.164 0.4270
LAG-3, BMI 0.405 0.0394
TIM-3, age -0.223 0.2766
TIM-3, BMI 0.239 0.2433

3. Discussion

One of the primary reasons for the immune system’s failure to control tumor growth
is the suppression of immune reactivity caused by increased expression of co-inhibitory
receptors, which may play a key role in shaping future therapeutic strategies. Radestad
et al. used flow cytometry to analyze lymphocytes extracted from blood, ascites, and tumor
tissue of patients with advanced ovarian cancer (n = 35), identifying markers involved in
T cell function and regulation. The co-inhibitory receptors LAG-3, PD-1, and TIM-3 were
expressed by significantly higher proportions of CD4+ and CD8+ T lymphocytes in tumor
tissue and ascites compared to peripheral blood. PD-1 and TIM-3 were the most often found
combination, and co-expression was primarily seen among intratumoral CD8+ T cells. A
higher proportion of CD8+ T cells lacking PD-1, TIM-3, or LAG-3 expression was associated
with improved overall survival, based on the correlation with clinical outcomes [25]. The
clinical prognosis of individuals with epithelial ovarian cancer is correlated with genetic
variations and TIM-3 gene expression. When compared to controls, patients’ peripheral
blood CD4+ and CD8+ T lymphocytes have noticeably higher levels of TIM-3 expression.
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Compared to patients with low expression, those with high TIM-3 expression have greater
tumor grades and clinical stages. TIM-3 may therefore be a viable therapeutic target for
EOC and may have a significant impact on the onset and course of EOC [18,26].

Since TIM-3 has been implicated in the development of several ovarian cancer sub-
types, it may represent a viable therapeutic target for ovarian cancer treatment [27]. Using a
retrospective cohort of 80 chemotherapy-naive HGSC patients, Fucikova et al. investigated
the relationship between prognosis and the functional orientation of the tumor microen-
vironment, including PD-L1 expression and infiltration by CD8+ T cells, CD20+ B cells,
DC-LAMP+ dendritic cells, as well as PD-1+, CTLA-4+, LAG-3+, and TIM-3+ cells. In a sec-
ond prospective cohort of recently resected HGSC samples, transcriptomic and functional
analyses were conducted alongside immunohistochemistry. PD-1+TIM-3+CD8+ T cells
were associated with poor prognosis and exhibited features of functional exhaustion. The
prognostic value of intratumoral CD8+ T cell density was enhanced when combined with
PD-L1 levels and the extent of TIM-3+ cell infiltration.

Thus, TIM-3 and PD-L1 may serve as prognostically significant indicators, reflecting a
repressed and an active immune response against HGSC, respectively [17]. Higher levels of
TIM-3 expression on regulatory T cells (Tregs) are associated with poorer progression-free
survival. This association is observed in both BRCA wild-type (BRCAwt) and germline
BRCA-mutated (gBRCAm) patients. Therefore, blocking TIM-3 signaling pathways could
represent a promising strategy for limiting tumor progression [28]. Immune checkpoint
molecules such as TIM-3 and LAG-3 are associated with poor prognosis in ovarian cancer.
Moreover, there is a strong correlation between immune cell infiltration and the expression
of PD-1, CTLA-4, TIM-3, and LAG-3 in the ovarian cancer microenvironment [29].

Durand et al. examined the expression of four immune checkpoint molecules—TIM-3,
IDO (indoleamine 2,3-dioxygenase), LAG-3, and PD-L1—in ovarian cancer (OvCa) cells
of various histologic subtypes, including high-grade serous, low-grade serous, mixed,
poorly differentiated, endometrioid, clear cell, and mucinous carcinoma. Compared to
PD-L1, IDO, and LAG-3, TIM-3 showed markedly higher expression levels in ovarian
cancer tumors. In over 75% of the samples, TIM-3 was the most prevalent and abundant
co-inhibitory molecule. More than 50% of ovarian cancer cases expressed two, three, or
even all four of these checkpoint molecules. When considering only high-grade serous
samples, the expression pattern of these four biomarkers closely resembled that observed
in the overall cohort [30]. Malignant ascites lymphocytes (MALs) and V41 peripheral blood
lymphocytes (PBLs) from ovarian cancer patients exhibited the highest levels of TIM-3
expression. In these patients, the expression of TIM-3, TIGIT, PD-1, and CD39 on V1 cells
varied among PBLs, MALs, and tumor-infiltrating lymphocytes (TILs), depending on the
tumor microenvironment [31].

Our study also demonstrated that differences in TIM-3 protein expression levels—both
lower and higher—were associated with variations in tumor severity, histological subtype,
and FIGO stage. Thus, TIM-3 may serve as a potential biomarker correlated with tumor
stage, histological subtype, menopausal status, FIGO stage, and body mass index (BMI)
across the spectrum of ovarian cancer cases.

Research on immunotherapeutic vaccines that target TIM-3 is still lacking. A particular
shRNA that targets the human TIM-3 gene was created and placed into a lentiviral vector
containing a transgenic MSLN-CAR-T construct in a work by Jafarzadeh et al. The cytotoxic
activity, cytokine generation, and proliferative potential of MSLN-CAR-T cells were all
markedly enhanced by TIM-3 knockdown, which also considerably decreased its expression
in these cells. By allowing tumor-infiltrating CAR-T cells to multiply and perform well,
targeted TIM-3 knockdown reduces TIM-3-mediated immune suppression [32]. In high-
grade EOC, CAR-T treatment has shown a long-lasting clinical response. Clinical trials
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using anti-mesothelin CAR T cells, or mesoCAR T cells, are being conducted in a number
of cancer types, including EOC. When meso-CAR T cells were generated for advanced
human epithelial OC, high expression of inhibitory receptors such as PD1, TIM-3, and
A2aR was noted. This suggests that pre-activation of T cells may not be necessary if CAR T
cell production techniques are optimized [33].

The expression of various immune components is frequently compared to LAG-3
expression in ovarian cancer. Analyses are conducted on tumor-infiltrating lymphocytes
(TILs), as well as lymphocytes derived from peripheral blood and ascites. LAG-3 expression
is evaluated in the context of diverse clinical settings and tumor microenvironmental factors.
Huang et al. investigated LAG-3 expression in both human samples and a mouse model.
Tumor-associated lymphocytes (TALs) from ovarian cancer patients confirmed that both
CD8+ and CD4+ T cells exhibited elevated levels of LAG-3 and PD-1. Furthermore, a
substantial population of PD-1*TIM-3*CD8* and CD4* T cells was identified in human
TALs. In the mouse model, inhibition of PD-1-LAG-3 or PD-1-CTLA-4 signaling pathways
was shown to reduce tumor growth. The authors also reported that, when the PD-1
pathway was completely inhibited, triple blockade of PD-1, CTLA-4, and LAG-3 was
more effective than dual blockade [34]. In another murine study, TILs also demonstrated
elevated expression of LAG-3 and its co-expression with PD-1. Simultaneous blockade of
both molecules improved antitumor immunity by decreasing the frequency of regulatory
T cells (Tregs) in the tumor microenvironment and increasing the proportion and activity
of CD8" effector T cells [35]. The enrichment of LAG-3*CD8" T cells within the PD-1* T
cell subset further supports the notion of co-expression of these immune checkpoints [36].
Interestingly, LAG-3 expression has also been correlated with improved survival in ovarian
cancer patients [37]. Ma et al. used bioinformatics analysis to investigate LAG-3 expression
in subtypes of ovarian serous cystadenocarcinoma—early-onset (EOOSC) and late-onset
(LOOSC). Their findings indicated that a subset of EOOSC patients exhibited lower LAG-3
expression, while higher LAG-3 levels were associated with longer overall survival [38].
We also showed in our study that both patients with lower and higher LAG-3 protein
expression showed differences in grade and histological type. Patients with higher LAG-3
protein expression showed differences in menopausal status, FIGO stage, and BMI, which
was not observed in patients with lower expression.

The obtained results indicate that the expression of LAG-3 and TIM-3 proteins may be
associated with specific clinicopathological features of ovarian cancer, such as histological
type, FIGO stage, menopausal status, BMI, and patient age. These relationships may be
important for the future differentiation of ovarian cancer subtypes and for identifying
patients with a worse prognosis or a different course of the disease. The observed re-
lationship of LAG-3 and TIM-3 expression with clinical parameters suggests that both
proteins may act not only as prognostic but also predictive biomarkers. Moreover, their
simultaneous expression in various subtypes of ovarian cancer indicates the possibility of
common participation in the mechanisms of immunosuppression, which may be important
from the point of view of immunotherapy. LAG-3 and TIM-3 are already the subject of
clinical trials in the treatment of other cancers (e.g., melanoma, lung cancer, breast cancer),
where their blockade leads to the activation of the immune response and increased therapy
effectiveness. From a clinical point of view, these results open the prospect of using LAG-3
and TIM-3 inhibitors as adjunctive therapies in the treatment of ovarian cancer, potentially
in combination with PD-1/PD-L1 and CTLA-4 inhibitors, as well as with currently used
drugs such as bevacizumab or PARP inhibitors. This may be particularly important in the
case of patients with cancer that is resistant to standard treatment or in the relapse phase of
the disease. However, it should be emphasized that the presented results are preliminary
and require further validation in studies involving larger cohorts of patients and in exper-
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imental models. Only such analyses will allow for a full assessment of the translational
potential of the tested biomarkers and their actual application in clinical practice.

This study has several important limitations. First, the relatively small number of
patients limits the generalizability of the results to the broader population of ovarian cancer
patients. Secondly, separating the cohort into HGSOC and non-HGSOC groups further
reduced the size of individual subgroups. Thirdly, the non-HGSOC group is heterogeneous
and includes several histological subtypes of ovarian cancer with varying grades, serving
as the control group in this study. Additionally, LAG-3 and TIM-3 protein expression
was assessed only by immunohistochemistry, which may require further validation using
quantitative methods.

4. Materials and Methods
4.1. Study Design

This study presented here was a retrospective study. Patients with diagnosed and
histologically confirmed ovarian cancer were qualified for this study. The entire group
was categorized into two groups: one for high-grade serous ovarian cancer (HGSOC),
which was the study group, and another for non-high-grade serous ovarian cancer (non-
HGSOC). Furthermore, the group was separated into smaller groups based on the following
criteria: FIGO (International Federation of Gynecology and Obstetrics) histological type,
grading, and clinical stage. The study material was formalin-fixed paraffin-embedded
(FFPE) ovarian cancer tissue.

This study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Bioethics Committee of the Pomeranian Medical University in Szczecin
(protocol code KB-006/49 /2022 on 16 November 2022).

The histological diagnosis of ovarian cancer was used for this study’s inclusion crite-
rion. The criterion for division into the study and control groups was histological type and
grading. Exclusion criteria included pelvic inflammatory illnesses, uncompensated chronic
disease, treatment history for another malignancy, absence of patient consent, inadequate
patient data, and histological diagnosis of uterine malignancy other than cancer. In the end,
58 patients met this study’s eligibility requirements. At the beginning of this study, the
patients’ body mass indices (BMIs) were calculated based on their height and weight. The
formula used to determine the BMI was BMI = weight (kg) /height? (m?). The patients were
classified into two subgroups based on the results: those with BMI < 25 and those with
BMI > 25. Additionally, patients were separated into premenopausal and postmenopausal
subgroups based on their menopausal status.

4.2. Immunohistochemical (IHC) Expression of LAG-3 and TIM-3 in Ovarian Cancer
Tissue Samples

Sections of ovarian cancer samples (4 um thick) were hydrated, and heat epitope
retrieval was performed in a microwave oven in citrate buffer pH = 6 (Dako Retrieval
Solution, Dako Denmark, Glostrup, Denmark). After cooling to room temperature (RT),
the activity of peroxidase was blocked with BLOXALL Endogenous Enzyme Blocking
Solution (ImmPRESS® HRP Universal (Horse Anti-Mouse/Rabbit IgG) PLUS Polymer
Kit, Peroxidase, Vector Laboratories, Newark, CA, USA), washed twice with PBS, and
further incubated with 2.5% Normal Horse Serum (ImmPRESS® HRP Universal PLUS
Polymer Kit, Peroxidase, Vector Laboratories, Newark, CA, USA). Further, slides were
incubated with primary monoclonal antibodies: mouse anti-LAG-3 (Novous Bio, BioTechne,
Minneapolis, MN, USA) and mouse monoclonal TIM-3 (Invitrogen, ThermoFisher Scientific,
Waltham, MA, USA) for 1 h at RT. After a double wash in PBS, slides were incubated with
ImmPRESS Universal Antibody Polymer Reagent (ImmPRESS® HRP Universal PLUS
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Polymer Kit, Peroxidase, Vector Laboratories). After washing in PBS, the reaction was
visualized with InmPACT DAB EqV Substrate (ImmPRESS® HRP Universal PLUS Polymer
Kit, Peroxidase, Vector Laboratories). After visualization slides were counterstained with
hematoxilin (Harris modified Hematoxilin, Sigma, Merck, Darmstadt, Germany) and
mounted in Histokitt (CarlRoth, GmbH, Karlsruhe, Germany) mounting medium and
evaluated under an Olympus IX81 inverted microscope (Olympus, Hamburg, Germany).
Micrographs were collected with CellSens Standard 1.5 software (Olympus, Hamburg,
Germany). A positive reaction was described as yellow-to-brown pigmentation found in
nuclei and cellular membranes. Each slide was evaluated by two independent observers.

4.3. Statistical Calculations

StatView 5.0 software (Carry, NC, USA) was used for all statistical analyses, including
chi-square, odds ratios, and confidence intervals. Fisher’s PLSD test was used to determine
immunohistochemical expression of LAG-3 and TIM-3 in ovarian cancer tissue samples
in relation to the factors under analysis. A p-value < 0.05 was regarded as statistically
significant. The group with expression intensity 0-1 and the group with expression intensity
2-4 were created for statistical calculations using Fisher’s PLSD test. Correlation analyses
were performed using Spearman’s rank method.

5. Conclusions

Comparing the HGSOC group with the non-HGSOC group, both patients with lower
and higher LAG-3 protein expression showed differences in grade and histological type. In
addition, patients with higher LAG-3 protein expression showed differences in menopausal
status, FIGO stage, and BMI, which was not observed in patients with lower expression. It
was shown that both patients with lower and higher expression of TIM-3 protein showed a
difference in grade, histological type, and FIGO stage.

It was also shown that LAG-3 could be a marker associated with BMI in the non-
HGSOC group. It was found that TIM-3 may be a marker associated with age in a group
of all ovarian cancers. LAG-3 expression is associated with TIM-3 expression in the total
cohort and the HGSOC and non-HGSOC groups.

Although TIM-3 and LAG-3 are promising clinical markers, it also seems important
to expand research in the use of these molecules in the treatment of ovarian cancer, as is
carried out in breast cancer or melanoma. Thus, it is important to continue research not
only on the clinical significance of these markers but also to consider them as potential ther-
apeutic targets. While surgery and carboplatin—paclitaxel chemotherapy are the first-line
treatments, TIM-3 and LAG-3 inhibitors, along with PD-1/PD-L1 and CTLA-4 inhibitors,
could be considered as adjuvant treatments. They might also be taken into consideration
in conjunction with bevacizumab and PARP inhibitors. This would require experimental
models and clinical trials.

However, it should be noted that the results presented are preliminary and require
validation in a larger cohort.

Author Contributions: Conceptualization, D.B. and M.K.; methodology, A.B., K.P. and A.K.-P;
validation, J.B. and L.B.; formal analysis, A.K.-P. and K.P.; resources, A.C.-P. and I.B.; data curation,
AK.-P. and ].B.; writing—original draft preparation, D.B.,, M.K. and A.G.; writing—review and
editing, A.G. and A.B,; visualization, M.K., D.B. and A.G,; supervision, A.C.-P.; project administration,
D.B. and M.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Int. J. Mol. Sci. 2025, 26, 5996 12 0f 13

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Bioethics Committee of the Pomeranian Medical University in
Szczecin (protocol code KB-006/49/2022 on 16 November 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available from the corresponding
author, D.B., upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Ovarian Cancer Statistics. Available online: https://www.wcrf.org/cancer-trends/ovarian-cancer-statistics/ (accessed on 14
December 2024).

2. Key Statistics for Ovarian Cancer. Available online: https://www.cancer.org/cancer/types/ovarian-cancer/about/key-statistics.
html (accessed on 14 December 2024).

3. Colombo, N.; Sessa, C.; Du Bois, A.; Ledermann, J.; McCluggage, W.G.; McNeish, I.; Morice, P.; Pignata, S.; Ray-Coquard, I.;
Vergote, I.; et al. ESMO-ESGO consensus conference recommendations on ovarian cancer: Pathology and molecular biology,
early and advanced stages, borderline tumours and recurrent disease. Ann. Oncol. 2019, 30, 672-705. [CrossRef] [PubMed]

4. Margoni, A.; Gargalionis, A.N.; Papavassiliou, A.G. CA-125:CA72-4 ratio—Towards a promising cost-effective tool in ovarian
cancer diagnosis and monitoring of post-menopausal women under hormone treatment. J. Ovarian Res. 2024, 17, 164. [CrossRef]

5. Zhang, R; Siu, M.K.Y;; Ngan, H.Y.S.; Chan, K.K.L. Molecular Biomarkers for the Early Detection of Ovarian Cancer. Int. J. Mol.
Sci. 2022, 23, 12041. [CrossRef]

6.  Menon, U.; Gentry-Maharaj, A.; Burnell, M.; Singh, N.; Ryan, A.; Karpinskyj, C.; Carlino, G.; Taylor, J.; Massingham, S.K.; Raikou,
M.; et al. Ovarian cancer population screening and mortality after long-term follow-up in the UK Collaborative Trial of Ovarian
Cancer Screening (UKCTOCS): A randomised controlled trial. Lancet 2021, 397, 2182-2193. [CrossRef] [PubMed]

7. Buys, S.S. Effect of Screening on Ovarian Cancer Mortality. JAMA 2011, 305, 2295. [CrossRef]

8.  Passaro, A.; Al Bakir, M.; Hamilton, E.G.; Diehn, M.; André, F.; Roy-Chowdhuri, S.; Mountzios, G.; Wistuba, L.I.; Swanton, C.;
Peters, S. Cancer biomarkers: Emerging trends and clinical implications for personalized treatment. Cell 2024, 187, 1617-1635.
[CrossRef]

9. Morand, S.; Devanaboyina, M.; Staats, H.; Stanbery, L.; Nemunaitis, ]J. Ovarian Cancer Immunotherapy and Personalized
Medicine. Int. ]. Mol. Sci. 2021, 22, 6532. [CrossRef]

10. Siminiak, N.; Czepczyniski, R.; Zaborowski, M.P.; Izycki, D. Immunotherapy in Ovarian Cancer. Arch. Immunol. Ther. Exp. 2022,
70,19. [CrossRef] [PubMed]

11. Koztowski, M.; Borzyszkowska, D.; Cymbaluk-Ploska, A. The Role of TIM-3 and LAG-3 in the Microenvironment and Im-
munotherapy of Ovarian Cancer. Biomedicines 2022, 10, 2826. [CrossRef]

12.  Tyrinova, T.V.; Chernykh, E.R. Inhibitory Checkpoint Receptor TIM-3 as a Regulator of the Functional Activity of Dendritic Cells.
Bull. Exp. Biol. Med. 2024, 177, 287-292. [CrossRef]

13.  Acharya, N.; Sabatos-Peyton, C.; Anderson, A.C. Tim-3 finds its place in the cancer immunotherapy landscape. . Immunother.
Cancer 2020, 8, €000911. [CrossRef] [PubMed]

14. Wang, X,; Lu, L;; Yang, R.; Wang, Z.; Li, Q.; Li, J.; Liu, Y. Diagnostic and prognostic value of CD44v9 and TIM3 expression in CK™
and CK* regions in gastric cancer tissues. Oncol. Lett. 2024, 28, 479. [CrossRef] [PubMed]

15.  Chen, C.; Zhao, F;; Peng, J.; Zhao, D.; Xu, L.; Li, H.; Ma, S.; Peng, X.; Sheng, X.; Sun, Y.; et al. Soluble Tim-3 serves as a tumor
prognostic marker and therapeutic target for CD8+ T cell exhaustion and anti-PD-1 resistance. Cell Rep. Med. 2024, 5, 101686.
[CrossRef]

16. Chen, Y,; Shao, Z.; Hao, Z.; Xin, Z.; Chen, X.; Huang, L.; Chen, D.; Lin, M.; Liu, Q.; Xu, X; et al. Epithelium/imcDC2 axis facilitates
the resistance of neoadjuvant anti-PD-1 in human NSCLC. J. Immunother. Cancer 2024, 12, e007854. [CrossRef]

17.  Fucikova, J.; Rakova, J.; Hensler, M.; Kasikova, L.; Belicova, L.; Hladikova, K.; Truxova, I.; Skapa, P; Laco, ].; Pecen, L.; et al. TIM-3
Dictates Functional Orientation of the Immune Infiltrate in Ovarian Cancer. Clin. Cancer Res. 2019, 25, 4820-4831. [CrossRef]

18. Wu, J.-L.; Zhao, J.; Zhang, H.-B.; Zuo, W.-W,; Li, Y,; Kang, S. Genetic variants and expression of the TIM-3 gene are associated
with clinical prognosis in patients with epithelial ovarian cancer. Gynecol. Oncol. 2020, 159, 270-276. [CrossRef] [PubMed]

19.  Workman, C.J.; Vignali, D.A.A. Negative Regulation of T Cell Homeostasis by Lymphocyte Activation Gene-3 (CD223). J. Immunol.
2005, 174, 688-695. [CrossRef]

20. Blackburn, S.D.; Shin, H.; Haining, W.N.; Zou, T.; Workman, C.J.; Polley, A.; Betts, M.R.; Freeman, G.J.; Vignali, D.A.A.; Wherry,

E.J. Coregulation of CD8+ T cell exhaustion by multiple inhibitory receptors during chronic viral infection. Nat. Immunol. 2009,
10, 29-37. [CrossRef]


https://www.wcrf.org/cancer-trends/ovarian-cancer-statistics/
https://www.cancer.org/cancer/types/ovarian-cancer/about/key-statistics.html
https://www.cancer.org/cancer/types/ovarian-cancer/about/key-statistics.html
https://doi.org/10.1093/annonc/mdz062
https://www.ncbi.nlm.nih.gov/pubmed/31046081
https://doi.org/10.1186/s13048-024-01487-0
https://doi.org/10.3390/ijms231912041
https://doi.org/10.1016/S0140-6736(21)00731-5
https://www.ncbi.nlm.nih.gov/pubmed/33991479
https://doi.org/10.1001/jama.2011.766
https://doi.org/10.1016/j.cell.2024.02.041
https://doi.org/10.3390/ijms22126532
https://doi.org/10.1007/s00005-022-00655-8
https://www.ncbi.nlm.nih.gov/pubmed/35941287
https://doi.org/10.3390/biomedicines10112826
https://doi.org/10.1007/s10517-024-06175-z
https://doi.org/10.1136/jitc-2020-000911
https://www.ncbi.nlm.nih.gov/pubmed/32601081
https://doi.org/10.3892/ol.2024.14612
https://www.ncbi.nlm.nih.gov/pubmed/39161328
https://doi.org/10.1016/j.xcrm.2024.101686
https://doi.org/10.1136/jitc-2023-007854
https://doi.org/10.1158/1078-0432.CCR-18-4175
https://doi.org/10.1016/j.ygyno.2020.07.012
https://www.ncbi.nlm.nih.gov/pubmed/32694063
https://doi.org/10.4049/jimmunol.174.2.688
https://doi.org/10.1038/ni.1679

Int. J. Mol. Sci. 2025, 26, 5996 13 of 13

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Woo, S.-R.; Turnis, M.E.; Goldberg, M.V.; Bankoti, J.; Selby, M.; Nirschl, C.J.; Bettini, M.L.; Gravano, D.M.; Vogel, P,; Liu, C.L.; et al.
Immune Inhibitory Molecules LAG-3 and PD-1 Synergistically Regulate T-cell Function to Promote Tumoral Immune Escape.
Cancer Res. 2012, 72,917-927. [CrossRef]

Hong, ].H.; Cho, HW.,; Ouh, Y.-T.; Lee, ].K.; Chun, Y. Lymphocyte activation gene (LAG)-3 is a potential immunotherapeutic
target for microsatellite stable, programmed death-ligand 1 (PD-L1)-positive endometrioid endometrial cancer. . Gynecol. Oncol.
2023, 34, e18. [CrossRef]

Eurich, K;; De La Cruz, P; Laguna, A.; Woodman, M.; McAdams, J.; Lips, E.; Ebott, J.; DiSilvestro, J.; Ribeiro, J.; James, N.
Multiplex serum immune profiling reveals circulating LAG-3 is associated with improved patient survival in high grade serous
ovarian cancer. Gynecol. Oncol. 2023, 174, 200-207. [CrossRef]

Zaitsu, S.; Yano, M.; Adachi, S.; Miwa, M.; Katoh, T.; Kawano, Y.; Yasuda, M. Lymphocyte-activation gene 3 protein expression in
tumor-infiltrating lymphocytes is associated with a poor prognosis of ovarian clear cell carcinoma. J. Ovarian Res. 2023, 16, 93.
[CrossRef] [PubMed]

Réadestad, E.; Klynning, C.; Stikvoort, A.; Mogensen, O.; Nava, S.; Magalhaes, I.; Uhlin, M. Immune profiling and identification of
prognostic immune-related risk factors in human ovarian cancer. Oncoimmunology 2019, 8, €1535730. [CrossRef] [PubMed]

Wu, J; Liu, C; Qian, S.; Hou, H. The Expression of Tim-3 in Peripheral Blood of Ovarian Cancer. DNA Cell Biol. 2013, 32, 648-653.
[CrossRef]

Xu, Y,; Zhang, H.; Huang, Y.; Rui, X.; Zheng, F. Role of TIM-3 in ovarian cancer. Clin. Transl. Oncol. 2017, 19, 1079-1083. [CrossRef]
Lee, ].-M.; Botesteanu, D.-A.; Tomita, Y.; Yuno, A.; Lee, M.-].; Kohn, E.C.; Annunziata, C.M.; Matulonis, U.; Macdonald, L.A.; Nair,
J.R.; et al. Patients with BRCA mutated ovarian cancer may have fewer circulating MDSC and more peripheral CD8+ T cells
compared with women with BRCA wild type disease during the early disease course. Oncol. Lett. 2019, 18, 3914-3924. [CrossRef]
Tu, L.; Guan, R.; Yang, H.; Zhou, Y.; Hong, W.; Ma, L.; Zhao, G.; Yu, M. Assessment of the expression of the immune checkpoint
molecules PD-1, CTLA4, TIM-3 and LAG-3 across different cancers in relation to treatment response, tumor-infiltrating immune
cells and survival. Int. J. Cancer 2020, 147, 423-439. [CrossRef]

Blanc-Durand, F.; Genestie, C.; Galende, E.Y.; Gouy, S.; Morice, P,; Pautier, P.; Maulard, A.; Mesnage, S.; Le Formal, A.; Brizais,
C.; et al. Distribution of novel immune-checkpoint targets in ovarian cancer tumor microenvironment: A dynamic landscape.
Gynecol. Oncol. 2021, 160, 279-284. [CrossRef] [PubMed]

Weimer, P.; Wellbrock, J.; Sturmheit, T.; Oliveira-Ferrer, L.; Ding, Y.; Menzel, S.; Witt, M.; Hell, L.; Schmalfeldt, B.; Bokemeyer, C.;
et al. Tissue-Specific Expression of TIGIT, PD-1, TIM-3, and CD39 by v T Cells in Ovarian Cancer. Cells 2022, 11, 964. [CrossRef]
Jafarzadeh, L.; Masoumi, E.; Mirzaei, H.R.; Alishah, K.; Fallah-Mehrjardi, K.; Khakpoor-Koosheh, M.; Rostamian, H.; Noorbakhsh,
F.; Hadjati, J. Targeted knockdown of Tim3 by short hairpin RNAs improves the function of anti-mesothelin CAR T cells. Mol.
Immunol. 2021, 139, 1-9. [CrossRef]

Akbari, B.; Soltantoyeh, T.; Shahosseini, Z.; Yarandi, F.; Hadjati, ].; Mirzaei, H.R. The inhibitory receptors PD1, Tim3, and A2aR
are highly expressed during mesoCAR T cell manufacturing in advanced human epithelial ovarian cancer. Cancer Cell Int. 2023,
23,104. [CrossRef] [PubMed]

Huang, R.-Y.; Francois, A.; McGray, A.R.; Miliotto, A.; Odunsi, K. Compensatory upregulation of PD-1, LAG-3, and CTLA-4
limits the efficacy of single-agent checkpoint blockade in metastatic ovarian cancer. Oncoimmunology 2017, 6, €1249561. [CrossRef]
[PubMed]

Huang, R.-Y.; Eppolito, C.; Lele, S.; Shrikant, P.; Matsuzaki, J.; Odunsi, K. LAG3 and PD1 co-inhibitory molecules collaborate to
limit CD8+ T cell signaling and dampen antitumor immunity in a murine ovarian cancer model. Oncotarget 2015, 6, 27359-27377.
[CrossRef] [PubMed]

Matsuzaki, J.; Gnjatic, S.; Mhawech-Fauceglia, P; Beck, A.; Miller, A.; Tsuji, T.; Eppolito, C.; Qian, F; Lele, S.; Shrikant, P; et al.
Tumor-infiltrating NY-ESO-1-specific CD8+ T cells are negatively regulated by LAG-3 and PD-1 in human ovarian cancer. Proc.
Natl. Acad. Sci. USA 2010, 107, 7875-7880. [CrossRef]

James, N.E.; Miller, K.; LaFranzo, N.; Lips, E.; Woodman, M.; Ou, ].; Ribeiro, J.R. Inmune Modeling Analysis Reveals Immunologic
Signatures Associated With Improved Outcomes in High Grade Serous Ovarian Cancer. Front. Oncol. 2021, 11, 622182. [CrossRef]
Ma, S.; Zheng, Y.; Fei, C. Identification of Key Factors Associated with Early- and Late-Onset Ovarian Serous Cystadenocarcinoma.
Future Oncol. 2020, 16, 2821-2833. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1158/0008-5472.CAN-11-1620
https://doi.org/10.3802/jgo.2023.34.e18
https://doi.org/10.1016/j.ygyno.2023.05.015
https://doi.org/10.1186/s13048-023-01179-1
https://www.ncbi.nlm.nih.gov/pubmed/37179337
https://doi.org/10.1080/2162402X.2018.1535730
https://www.ncbi.nlm.nih.gov/pubmed/30713791
https://doi.org/10.1089/dna.2013.2116
https://doi.org/10.1007/s12094-017-1656-8
https://doi.org/10.3892/ol.2019.10731
https://doi.org/10.1002/ijc.32785
https://doi.org/10.1016/j.ygyno.2020.09.045
https://www.ncbi.nlm.nih.gov/pubmed/33162175
https://doi.org/10.3390/cells11060964
https://doi.org/10.1016/j.molimm.2021.06.007
https://doi.org/10.1186/s12935-023-02948-0
https://www.ncbi.nlm.nih.gov/pubmed/37244991
https://doi.org/10.1080/2162402X.2016.1249561
https://www.ncbi.nlm.nih.gov/pubmed/28197366
https://doi.org/10.18632/oncotarget.4751
https://www.ncbi.nlm.nih.gov/pubmed/26318293
https://doi.org/10.1073/pnas.1003345107
https://doi.org/10.3389/fonc.2021.622182
https://doi.org/10.2217/fon-2020-0668

	Introduction 
	Results 
	Group Characteristics and Evaluation of Tissue Expression 
	Comparison of Tissue Expression of LAG-3 Between Non-HGSOC and HGSOC 
	Comparison of Tissue Expression of TIM-3 Between Non-HGSOC and HGSOC 
	Association of LAG-3 and TIM-3 Protein Expression with Clinical Features 

	Discussion 
	Materials and Methods 
	Study Design 
	Immunohistochemical (IHC) Expression of LAG-3 and TIM-3 in Ovarian Cancer Tissue Samples 
	Statistical Calculations 

	Conclusions 
	References

