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Increased TIM-3 expression in tumor-associated macrophages
predicts a poorer prognosis in non-small cell lung cancer: a
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Background: T-cell immunoglobulin and mucin domain-containing molecule 3 (TIM-3) is considered
a key negative regulator in T-cell-mediated response. However, few studies have been reported on the
relationship between TIM-3 expression in tumor-associated macrophages (TAMs) and clinicopathological
characteristics of patients. This study evaluated the correlation between the expression of TIM-3 on the
surface of TAMs macrophages in tumor matrix and the clinical outcome of patients with non-small cell lung
cancer (NSCLC).

Methods: The expression of CD68, CD163 and TIM-3 in 248 NSCLC patients who underwent surgery in
Zhoushan Hospital from January 2010 to January 2013 was detected by immunohistochemistry THC). From
the date of operation to the date of death, overall survival (OS) was measured to analyze the relationship
between the expression of Tim-3 and the prognosis of NSCLC patients.

Results: The study assessed 248 patients with NSCLC. TIM-3 expression in TAMs was more frequently
identified in patients with higher carcinoembryonic antigen (CEA) levels, lymph node metastasis, higher
grade, high CD68 expression, and high CD163 expression (P<0.05). The OS of the high TIM-3 expression
groups was shorter than that of the low TIM-3 expression groups (P=0.01). Patients with high TIM-3 and
CD68/CD163 expressions had the worst prognosis, whereas patients with low expressions of both TIM-
3 and CD68/CD163 had the best prognosis (P<0.05). In NSCLC, the OS of the high TIM-3 expression
groups was shorter than that of the low TIM-3 expression groups (P=0.01). In lung adenocarcinoma, the OS
of the high TIM-3 expression groups was shorter than that of the low TIM-3 expression groups(P=0.03).
Conclusions: TIM-3 expression in TAMs may be a promising prognostic biomarker for NSCLC or
adenocarcinoma. Our results demonstrated that high TIM-3 expression in TAMs was an independent

predictor of worse prognosis in patients.
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Introduction

Lung cancer is one of the most common malignant tumors,
and has become the leading cause of cancer-related death in
both men and women worldwide (1). Non-small cell lung
cancer (NSCLC) accounts for approximately 80-85% of
all lung cancers (1,2). With the development of molecular
biomarkers, non-small cell lung cancer has made major
breakthroughs in immunotherapy and targeted therapy.
However, the prognostic biomarkers of NSCLC are still
very limited. Biomarkers represented by PD-L1 expression
and tumor mutational burden (T'MB) can be used to
assess the prognosis of patients, but their predictive value
is also controversial due to the need for sufficient tumor
tissue. Clinical biomarkers should be considered not only
in practicability, but also in operability and high cost (3).
In addition to stage of the disease, mutated genes such as
EGFR, KRAS have been validated as prognostic biomarkers
in NSCLC. But obtaining such genetic information
requires invasive procedures, and high sequencing
costs (4). Cellular senescence has recently been promoted
as an emerging hallmark of cancer. However, little is known
about the consequence of cellular senescence on prognosis
and survival in distinct types of cancer. In NSCLC, only two
previous reports demonstrated a negative prognostic value
of individual immunohistochemical senescence markers,
such as lipofuscin accumulation (5) and high p21"*""/“¥!
and high Ki67 (6), however, both in rather histological
heterogenous patient populations. Therefore, we need
prognostic biomarkers of NSCLC that can take into
account cost, operability and practicality. For a long time,
studies have focused on tumor cells themselves. In recent
years, the perspective of researchers has gradually expanded
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e TIM-3, as a negative regulatory immune checkpoint, is an
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from the tumor cells themselves to their microenvironment.
The tumor microenvironment (TME) contains tumor
cells, immune cells, and stromal cells (7). Tumor-associated
macrophages (TAMs), the most abundant immune cells in
the TME (8), play an important role in the development
of NSCLC and may be potential prognostic markers for
the prediction of NSCLC (9). Therefore, exploring new
immunomodulatory molecules associated with TAMs is
important for identifying effective therapeutic strategies for
NSCLC.

The T-cell immunoglobulin and mucin domain-
containing molecule (TIM) gene family was discovered in
2001; it plays an important role in the regulation of immune
function (10,11). The human TIM family comprises 3
genes: TIM-1, TIM-3, and TIM-4. TIM-3 is expressed in
a variety of immune cells, including T cells (12), natural
killer cells (NK) (13), dendritic cells (DCs) (14), and
macrophages (15). TIM-3 has been recognized as a key
negative regulator in T cell-mediated responses (16), and
it has been reported that its expression in tumor cells,
tumor-infiltrating lymphocytes, or both, is negatively
correlated with overall survival (OS) of patients with lung
adenocarcinoma (17). Additionally, it has been demonstrated
that TIM-3 upregulation in TAMs is strongly correlated
with the poor survival of patients with hepatocellular
carcinoma (HCC), and that TIM-3 has a protumoral effect
on TAMs in HCC (18), which suggests that its expression
in TAMs could be involved in tumorigenesis. Predicting the
clinical outcome of patients with advanced NSCLC through
the level of TIM3 will provide new guiding ideas for clinical
practice. In this study, we explored the association between
TIM-3 expression in TAMs and clinicopathological features
of patients and its prognostic value in NSCLC. We present
the following article in accordance with the REMARK
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-227/rc).

Methods
Patients

Patients with NSCLC who had undergone surgery at
Zhoushan Hospital (Zhoushan, Zhejiang, China) between
January 2010 and January 2013 were included in this study.
Clinicopathological features, such as age, sex, smoking,
carcinoembryonic antigen (CEA), and tumor size, were
obtained from clinical records. Histopathological diagnoses
were made according to the World Health Organization
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classifications. The tumor-node-metastasis (TNM)
classification of patients was determined according to
the 8th edition of the Union for International Cancer
Control (19). We measured OS from the date of surgery
to the date of death due to NSCLC. The inclusion criteria
were as follows: (I) pathologically confirmed primary
NSCLC and (II) complete data on clinicopathological
features. The exclusion criteria were as follows: (I)
patients who received preoperative chemotherapy or other
treatment and (II) patients with severe chronic diseases,
other tumors, and autoimmune diseases. A total of 248
patients with NSCLC were included in this study. The
subtypes of NSCLC included 155 adenocarcinomas and
93 squamous cell carcinomas. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by Ethics Committee of
Zhoushan Hospital (No. 2018-146). Individual consent for
this retrospective analysis was waived.

Immunobistochemistry and evaluations

A total of 4 serial 4-pm-thick formalin-fixed and paraffin-
embedded tissue sections were cut from each NSCLC
specimen. They were dewaxed in xylene, hydrated with
a series of anhydrous ethanol, and then repaired by
microwave. After washing with phosphate buffered saline
(PBS) to reduce specific binding, the slide was sealed
with goat serum blocking solution and the excess liquid
was poured. Add the first antibody in proportion, that is,
use the mouse anti-human CD68 monoclonal antibody
(Abcam, ab125212), mouse anti-human CD163 monoclonal
antibody (Abcam, ab87099), and mouse anti-human tim-
3 monoclonal antibody (Abcam, ab185703), use PBS
instead of the first antibody as the negative control, and
then incubate at 4 °C overnight. After tissue sections were
washed with PBS, EnVision horseradish peroxidase (HRP;
Conway China) was used for secondary antibody culture.
Diaminobenzidine (DAB) was used for color development,
and the sections were stained with hematoxylin. Tumor
stroma was defined as the area where tumor stromal
cells accounted for more than 70% of the total cells. All
slides were reviewed by 2 experienced pathologists who
were blinded to the clinical records, and the evaluation of
immunohistochemistry (IHC) was based on consensus. The
number of CD68- or CD163-positive cells in the tumor
stroma was separately counted in 5 representative fields
(x400 magnification) using a pathology digital imaging
system (Nanozoomer Virtual Slide System; Hamamatsu
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Photonics, Shizuoka, Japan). The average number of cells in
the 5 fields represented the number of CD68- or CD163-
positive cells for each NSCLC section. TIM-3 staining was
scored separately for TAMs in the tumor stroma according
to a previous study (14), and graded as follows: 0, 0-5%;
1, 5-25%; 2, 25-50% and 3, >50%. A score of 0 or 1 was
considered to indicate “low expression”, and score 2 or 3
was considered to indicate “high expression”.

Statistical analysis

The software SPSS 17.0 IBM Corp, Armonk, NY, USA)
was used for data analysis. The chi-square test was used
for univariate analysis to evaluate the correlation between
TIM-3 expression in TAMs and clinicopathological features
of NSCLC. Receiver operating characteristic (ROC)
analysis was performed to confirm the optimal cutoff value
of TIM-3-positive expression. Spearman rank correlation
was used to analyze the correlation between TIM-3, CD68,
and CD163. The log-rank test was used to estimate the
postoperative OS. The Cox proportional hazard model
was used for univariate and multivariate analyses to assess
the association between TIM-3 and postoperative OS.
All statistical tests were 2-sided, and a P value <0.05 was
considered statistically significant.

Results
TIM-3 expression in TAMs in the tumor stroma

Representative fields on NSCLC slides stained for CD68,
CD163, and TIM-3 are displayed in Figure 1. CD68, a
macrophage marker, was detected in the tumor stroma of
NSCLC specimens. CD163, an M2 macrophage marker,
was also detected in the tumor stroma and frequently
co-localized with stromal CD68+ macrophages. Strong
correlations were observed between the distributions of
CD68+ macrophages and CD163+ macrophages in the
tumor stroma (r=0.7380, P<0.01). TIM-3 expression was
also frequently co-localized with CD68+ macrophages or
CD163+ macrophages in the tumor stroma of NSCLC
specimens. Using a 25% threshold, high TIM-3 expression
was detected in 146 (58.87%) of the NSCLC samples and
88 (56.77%) of the adenocarcinoma samples. Additionally,
in tumor stroma, CD68+ macrophages [TIM-3, odds ratio
(OR) =2.17, 95% confidence interval (CI): 1.08-3.91,
P=0.026] and CD163+ macrophages (TIM-3, OR=2.69,
95% CI: 1.48-4.45, P=0.015) were independent predictive
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Figure 1 Representative positive IHC staining for TIM-3, CD68, and CD163 in tumor (x40) and non-tumor (x40) stroma of NSCLC.

TIM-3, T-cell immunoglobulin and mucin domain-containing molecule 3; IHC, immunochemistry; NSCLC, non-small cell lung cancer.

factors for TIM-3 expression.

Correlations between TIM-3 expression in TAMs and the
clinicopathological features of patients with NSCLC and
adenocarcinoma

As shown in Table 1, high TIM-3 expression in TAMs was
more frequently identified in patients with higher CEA
levels (>5 ng/mL; TIM-3, 64.29% wvs. 35.71%, P=0.048),
lymph node metastasis (positive; TIM-3, 67.54% v5.32.46%,
P=0.010), high CD68 expression (TIM-3, 65.89% us.
34.11%, P=0.018), and high CD163 expression (TIM-3,
67.79% wvs. 32.21%, P<0.001). No statistically significant
differences were found in the association between TIM-

© Journal of Thoracic Disease. All rights reserved.

3 expression and age, sex, smoking, tumor size, histology
type, pleural invasion, or stage.

Subsequently, we explored the correlations between TIM-
3 expression in TAMs and the clinicopathological features
of adenocarcinomas. As shown in Tible 2, our results showed
that TIM-3 expression in TAMs was more frequently
observed in patients with invasive adenocarcinoma (TIM-
3, 54.29% vs. 45.71%, P=0.018), lymph node metastasis
(positive: TIM-3, 53.16% vs. 46.84%, P=0.017), high CD68
expression (TIM-3, 61.11% vs. 38.89%, P=0.019), and high
CD163 expression (TIM-3, 52.56% vs. 47.44%, P=0.028).
There were no statistically significant differences between
TIM-3 expression and age, sex, smoking, CEA level, tumor
size, pleural invasion, or grade.
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Table 1 Relationship between TIM-3 expression and clinicopathologic features of NSCLC
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TIM-3 expression, n (%)

Variables P value
Low (n=102) High (n=146)

Age (years) 0.636
<65 57 (39.86) 86 (60.14)
>65 45 (42.86) 60 (57.24)

Gender 0.927
Male 49 (40.83) 71 (59.17)
Female 53 (41.41) 75 (58.59)

Smoking 0.735
Non-smoker 60 (40.27) 89 (59.73)
Smoker 42 (42.42) 57 (57.58)

CEA, ng/mL 0.048
<5 52 (49.06) 56 (51.85)
>5 50 (35.71) 90 (64.29)

Tumor size, cm 0.127
<3 41 (35.96) 73 (64.04)
>3 61 (45.52) 73 (54.48)

Histology type 0.386
Ad 67 (43.23) 88 (56.77)
Sq 35 (37.64) 58 (62.37)

Pl 0.066
Absent 61 (46.56) 70 (53.44)
Present 41 (35.04) 76 (64.96)

LN 0.010
Negative 65 (48.51) 69 (51.49)
Positive 37 (32.46) 77 (67.54)

Stage 0.125
I-llla 74 (45.12) 90 (54.88)
lNib-1V 28 (33.33) 56 (66.67)

Grade 0.269
G1-G2 66 (44.90) 81 (55.10)
G3-G4 36 (35.64) 65 (64.36)

CD68 expression 0.018
Low 58 (48.74) 61 (51.26)
High 44 (34.11) 85 (65.89)

CD163 <0.001
Low 54 (54.55) 45 (45.45)
High 48 (32.21) 101 (67.79)

TIM-3 expression is defined as TAM-positive. NSCLC, non-small cell lung cancer; CEA, carcinoembryonic antigen; Ad, adenocarcinoma;
Sq, squamous cell carcinoma; LN, lymph node metastasis; PI, pleural invasion; TIM-3, T-cell immunoglobulin and mucin-domain
containing-3; TAM, tumor-associated macrophage.
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Table 2 Relationship between TIM-3 expression and clinicopathologic features of lung adenocariconoma

TIM-3 expression, n (%)

Variables P value
Low (n=87) High (n=68)

Age (years) 0.564
<65 42 (53.85) 36 (46.15)
>65 45 (58.44) 32 (41.56)

Gender 0.211
Male 36 (50.70) 35 (49.30)
Female 51 (60.71) 33 (39.29)

Smoking 0.316
Non-smoker 48 (60.00) 32 (40.00)
Smoker 39 (52.00) 36 (48.00)

CEA, ng/mL 0.752
<5 40 (54.79) 33 (45.21)
>5 47 (57.32) 35 (42.68)

Tumor size, cm 0.225
<3 52 (60.47) 34 (39.53)
>3 35 (50.72) 34 (49.28)

Histology type 0.018
AIS/MIA 55 (64.71) 30 (35.29)
IAC 32 (45.71) 38 (54.29)

Pl 0.354
Absent 50 (59.52) 34 (40.48)
Present 37 (52.11) 34 (47.89)

LN 0.017
Negative 50 (65.79) 26 (34.21)
Positive 37 (46.84) 42 (53.16)

Stage 0.221
la 54 (61.36) 36 (38.64)
Ib-IV 33 (50.77) 32 (49.23)

Grade 0.573
G1 50 (58.14) 36 (41.86)
G2-G4 37 (53.62) 32 (46.38)

CD68 expression 0.019
Low 51 (75.00) 27 (25.00)
High 36 (38.89) 41 (61.11)

CD163 0.028
Low 50 (64.94) 27 (35.06)
High 37 (47.44) 41 (52.56)

TIM-3 expression is defined as TAM-positive. CEA, carcinoembryonic antigen; AlS, adenocariconoma in situ; MIA, microinvasive
adenocariconoma; IAC, invasive adenocariconoma; PI, pleural invasion; LN, lymph node metastasis; TIM-3, T-cell immunoglobulin and
mucin-domain containing-3; TAM, tumor-associated macrophage.
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Figure 2 The distribution and prognostic significance of TIM-3-positive TAMs in the tumor stroma in patients with NSCLC. (A) TIM-3-
positive stromal TAMs and patients’ OS in NSCLC. (B) The comparison of survival probability between TIM-3-positive TAMs and CD68-
positive or CD163-positive TAMs. TIM-3, T-cell immunoglobulin and mucin domain-containing molecule 3; NSCLC, non-small cell lung

cancer; TAM, tumor-associated macrophages; OS, overall survival.

Correlations between TIM-3 expression in TAMs and the
clinical outcomes of NSCLC and lung adenocarcinoma

In NSCLC, the relationship between TIM-3 expression in
TAMs and prognosis was analyzed. Our results showed that
the OS of the high TIM-3 expression groups (35.33+24.91)
was shorter than that of the low TIM-3 expression groups
(60.28+16.89) (TIM-3, P=0.01) (Figure 24). To further
stratify patients into subgroups, the combination of TIM-
3 and/or CD68/CD163 expression in TAMs was used
to explore the relationship with prognosis. As shown in
Figure 2B, patients with high TIM-3 and high CD68/
CD163 expression levels had the worst prognoses; patients
with high expression levels of either TIM-3 or CD68/
CD163 had moderate prognoses, and patients with low
expression levels of both TIM-3 and CD68/CD163 had
the best prognoses (P<0.05). Further multivariate analyses
demonstrated that larger tumor size [hazard ratio (HR):
2.33,95% CI: 1.51-3.88, P=0.035], lymph node metastasis
(HR: 2.68, 95% CI: 1.47-3.98, P=0.027), high CD68
expression (HR: 1.91, 95% CI: 1.11-3.23, P=0.037), high

© Journal of Thoracic Disease. All rights reserved.

CD163 expression (HR: 2.12, 95% CI: 1.14-3.40, P=0.024),
and high TIM-3 expression (HR: 3.43, 95% CI: 2.02-5.83,
P=0.019) were independent prognostic factors of worse OS
rates (Table 3).

In lung adenocarcinoma, our results also indicated that
the OS of the high TIM-3 expression groups (40.70£25.88)
was shorter than that of the low TIM-3 expression groups
(59.80+14.37) (TIM-3, P=0.03) (Figure 34). Patients with
high TIM-3 and high CD68/CD163 expression had the
worst prognosis; patients with low expression of both TIM-
3 and CD68/CD163 expression had the best prognosis
(P<0.05) (Figure 3B). Further multivariate analyses
confirmed that larger tumor size (HR: 2.50, 95% CI: 1.59-
3.93, P=0.039), invasive adenocarcinoma (HR: 3.40, 95%
CI: 2.16-5.80, P=0.007), lymph node metastasis (HR: 2.70,
95% CI: 1.63-4.50, P=0.033), high CD68 expression (HR:
1.65,95% CI: 1.11-2.38, P=0.025), high CD163 expression
(HR: 1.97, 95% CI: 1.15-3.82, P=0.019), and high TIM-
3 expression (HR: 2.76, 95% CI: 1.68-4.61, P=0.015)
were independent prognostic factors worse OS in lung
adenocarcinoma (Tible 4).
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Table 3 Cox proportional-hazards regression model for overall survival in patients with NSCLC

Univariate analysis Multivariate analysis
Variables
HR 95% ClI P value HR 95% CI P value

Age (>65 vs. <65 years) 1.10 0.78-1.64 0.531

Gender (male vs. female) 1.03 0.72-1.50 0.622

Smoking (smoker vs. never-smoker) 1.05 0.74-1.55 0.784

CEA (>5 vs. <5 ng/mL) 1.20 0.82-1.72 0.073

Tumor size (>3 vs. <3 cm) 3.54 2.19-5.86 0.012 2.33 1.51-3.88 0.035
Histology type (Sq vs. Ad) 1.09 0.76-1.60 0.454

PI (present vs. absent) 1.42 0.98-2.17 0.323

LN (present vs. absent) 4.35 2.44-10.23 0.016 2.68 1.47-3.98 0.027
Stage (Ib-IV vs. la) 1.81 1.12-3.20 0.028 1.13 0.67-1.90 0.080
Grade (G2-G4 vs. G1) 1.60 1.09-2.31 0.032 1.02 0.65-1.49 0.076
CD68 expression (high vs. low) 1.74 1.02-3.16 0.011 1.91 1.11-3.23 0.037
CD163 expression (high vs. low) 1.88 1.08-3.24 0.014 212 1.14-3.40 0.024
TIM-3 expression (high vs. low) 2.97 1.96-4.75 0.008 3.43 2.02-5.83 0.019

TIM-3 expression is defined as TAM-positive. NSCLC, non-small cell lung cancer; CEA, carcinoembryonic antigen; Ad, adenocarcinoma;
Sq, squamous cell carcinoma; PI, pleural invasion; LN, lymph node metastasis; TIM-3, T-cell immunoglobulin and mucin-domain
containing-3; HR, hazard ratio; Cl, confidence interval.
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Figure 3 Distribution and prognostic significance of TIM-3-positive TAMs in the tumor stroma in patients with lung adenocarcinoma.
(A) TIM-3-positive stromal TAMs and patients’ OS in lung adenocarcinoma; (B) the comparison of survival probability between TIM-3-
positive TAMs and CD68-positive or CD163-positive TAMs. TIM-3, T-cell immunoglobulin and mucin domain-containing molecule 3;

"TAMs, tumor-associated macrophages; OS, overall survival.
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Table 4 Cox proportional-hazards regression model for overall survival in patients with lung adenocarcinoma
Univariate analysis Multivariate analysis

Variables

HR 95% CI P value HR 95% ClI P value
Age (>65 vs. <65 years) 1.06 0.71-1.57 0.823
Gender (male vs. female) 1.08 0.71-1.60 0.716
Smoking (smoker vs. never-smoker) 1.01 0.70-1.40 0.835
CEA (>5 vs. <5 ng/mL) 1.50 1.04-2.22 0.089
Tumor size (>3 vs. <3 cm) 3.01 2.02-4.98 0.017 2.50 1.59-3.93 0.039
Histology type (IAC vs. AIS/MIA) 4.16 2.67-6.89 0.006 3.40 2.16-5.80 0.007
PI (present vs. absent) 1.62 1.10-2.36 0.059
LN (present vs. absent) 3.28 2.11-5.67 0.027 2.70 1.63-4.50 0.033
Stage (Ib-IV vs. la) 1.70 1.14-2.53 0.036 1.43 0.92-2.30 0.042
Grade (G2-G4 vs. G1) 1.65 1.10-2.45 0.038 1.51 1.04-2.22 0.044
CD68 expression (high vs. low) 1.87 1.08-3.22 0.014 1.65 1.11-2.38 0.025
CD163 expression (high vs. low) 2.03 1.16-3.94 0.015 1.97 1.15-3.82 0.019
TIM-3 expression (high vs. low) 3.05 2.11-5.10 0.007 2.76 1.68-4.61 0.015

TIM-3 expression is defined as TAM-positive. CEA, carcinoembryonic antigen; IAC, invasive adenocariconoma; AlS, adenocariconoma
in situ; MIA, microinvasive adenocariconoma; PI, pleural invasion; LN, lymph node metastasis; TIM-3, T-cell immunoglobulin and mucin-
domain containing-3; TAM, tumor-associated macrophage; HR, hazard ratio; Cl, confidence interval.

Discussion

To the best of our knowledge, this is the first study to
explore TIM-3 expression in TAMs in tumor stroma and its
prognostic value in patients with NSCLC. Our study found
that high TIM-3 expression was positively correlated with
high CD68/CD163 TAM density. Moreover, high TIM-
3 expression levels in TAMs were negatively correlated
with worse OS. The combination of high TIM-3 and/
or CD68/CD163 TAM density could further stratify
patients into different subgroups with different prognoses.
Our results demonstrated that high TIM-3 expression in
TAMs was an independent predictor of worse prognosis
in patients. A previous study (20) found by analyzing the
expression of TIM-3 protein on NSCLC tumor cells
and tumor infiltrating lymphocytes (TILs). High level of
TIM-3 on TILs indicated shorter recurrence-free survival
(RFS) and overall survival (OS) (RFS 1.800 years, 95% CI:
1.230-2.370 vs. 0.870 years, 95% CI: 0.212-1.528, P=0.048)
(OS 2.960 years, 95% CI: 2.268-3.652 vs. 1.080 years, 95%
CI: 0.228-1.932, P=0.034). Their research proved that
TIM-3 was expressed on all NSCLC tumor cells and TILs
of NSCLC pathological types. NSCLC patients with high
TIM-3 level on TIL have poor prognosis. This study can
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also prove the feasibility of our research from the side.

A previous study has shown that TAMs are the most
populous cell type of the TME in limited-stage SCLC,
especially in tumor nests, where their cellular density far
exceeds the number of T-cells. Most CD68+ TAMs are
M2-polarised, and express CD163 in neuroendocrine
(NE)-low tumor subsets, creating an immunosuppressive
microenvironment peculiarly inside tumor nests (21).
In addition, a previous study has confirmed that the
presence of CD68+ TAMs in tumor nests was significantly
detrimental to OS (22). These studies related to small cell
lung cancer strongly support our conclusions. We have
reason to believe that similar immune mechanisms play an
indispensable role in both types of cancer. This will also
become the focus of our next research.

TIM-3 was initially found to be highly expressed in
terminally differentiated T helper 1 cells (23). In recent
years, it has been found that TIM-3 is highly expressed
in a variety of immune cells, including DCs, monocytes/
macrophages, and NK cells, and is also expressed in tumor
cells, such as in gastric cancer, liver cancer, melanoma, and
B cell lymphoma (24). The inhibitory function of TIM-
3 in the immune system has been found to be associated
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with the development of multiple tumors (25). TIM-
3 is regarded as an important immune checkpoint and
its expression has been explored in the TME (24-26).
It has been well-documented that TIM-3 expression is
significantly upregulated in tumor infiltrating immune cells,
and is associated with poor prognosis of patients with cancer
(17,27). Studies have demonstrated that TIM-3 expression
is increased in tumor infiltrating CD8+ T cells or TAMs,
and predicts poor prognosis in patients with HCC (18,28).
In mouse liver cancer models, TGF-beta type 1 factor
(T'GF-B) can promote the expression of TIM-3 on tumor-
associated macrophages (TAMs) in HCC, and TIM-3
inhibits the activation of tumor-specific CD8+ T cells. The
study has found that TGF-B can induce the expression of
the TIM-3 ligand Gal-9 when tumor cell growth undergoes
a hypoxic phase; in the normal oxygen availability phase,
TGEF-B induces its own expression through the Smad3
transcription factor, and the Smad3 transcription factor,
and induces the expression of Gal-9. In these two different
stages, TGF-B induces the expression of the TIM-3 ligand
Gal-9 through the Smad3 pathway. This brings inspiration
for our next research (29).

Su et al. found that TIM-3 positivity in tumor cells
or tumor-infiltrating lymphocytes was an independent
prognostic factor of worse recurrence-free survival and OS in
patients with surgically resected lung adenocarcinoma (17).
As the most common immune cells in the TME, TAMs
play an important role in the development of lung cancer
(30). However, the association between TIM-3 expression
in TAMs and its prognostic significance in NSCLC has not
yet been elucidated. In this study, we found that patients
with different levels of TIM-3 expression in TAMs or
CD68+/CD163+ TAM density combinations had different
prognoses. These findings stratified patients into different
subgroups, which is helpful for evaluating the prognosis of
patients with NSCLC and adenocarcinoma. In addition,
high TIM-3 expression in TAMs in the tumor stroma was
significantly correlated with shorter OS in NSCLC and
adenocarcinoma. This can be explained by the finding that
TIM-3 promotes the tumor-promoting M2 macrophage
polarization (31).

Conclusions

Our results demonstrate that high TIM-3 expression in
TAM:s is an independent predictor of worse prognosis
in patients. TIM-3 expression in tumor-associated
macrophages may be a promising therapeutic target for

© Journal of Thoracic Disease. All rights reserved.
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NSCLC or adenocarcinoma.

There were some limitations to our study. First, it was a
retrospective study and thus subject to bias. Second, we did
not use the immunofluorescence technique to analyze TIM-
3, CD68, and CD163 co-expression in TAMs in lung cancer
tissues. We hope to clarify the mechanism by which TIM-
3 expression in TAMS affects the prognosis of patients with
NSCLC in the future.
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