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Purpose: T-cell immunoglobulin and mucin domain-containing
molecule 3 (TIM-3) is an emerging immune response molecule
related to T-cell anergy. There has been tremendous interest in
breast cancer targeting immune checkpoint molecules, especially
in the triple-negative breast cancer (TNBC). This study was de-
signed to investigate TIM-3 expression on tumor infiltrating lym-
phocytes (TILs), its relationships with clinicopathological para-
meters and expression of programmed death receptor 1 (PD-1)/
programmed death receptor ligand 1 (PD-L1), and its prognostic
role. Methods: Immunohistochemistry on tissue microarray
blocks produced from 109 samples of invasive ductal carcinoma
type TNBC was performed with antibodies toward TIM-3, PD-1,
PD-L1 and breast cancer-related molecular markers. Associations
between their expression and clinicopathological parameters as
well as survival analyses were performed. Results: TIM-3 was
expressed in TILs from all 109 TNBCs, consisting of 17 cases
(<5%), 31 cases (6%-25%), 48 cases (26%-50%), and 13 cases
(>51%). High TIM-3 was significantly correlated with younger
patients (p=0.0101), high TILs (p=0.0029), high tumor stage
(p=0.0018), high PD-1 (p=0.0001) and high PD-L1 (p=0.0019),

and tended to be associated with higher histologic grade, ab-
sence of extensive in situ components and microcalcification.
High TIM-3 expression was significantly associated with a com-
binational immunophenotype group of high PD-L1 and high
PD-1 (p<0.0001). High TIM-3 demonstrated a significantly bet-
ter disease-free survival (DFS) (p<0.0001) and longer overall
survival (OS) (p=0.0001), together with high TILs and high PD-1.
In univariate survival analysis, high TIM-3 showed reduced re-
lapse risk (p<0.0001) and longer OS (p=0.0003), together with
high PD-1 expression. In multivariate analysis, high TIM-3 was
statistically significant in predicting prognosis, showing better
DFS (hazard ratio [HR], 0.0994; 95% confidence interval [Cl],
0.0296-0.3337; p=0.0002) and longer OS (HR, 0.1109; 95% Cl,
0.0314-0.3912; p=0.0006). Conclusion: In this study, we demon-
strate that TIM-3 expression is an independent positive prognos-
tic factor in TNBC, despite its association with poor clinical and
pathologic features.
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INTRODUCTION

Triple-negative breast cancer (TNBC) accounts for 15% to
20% of all breast cancers. TNBC lacks expression of estrogen
receptor (ER) and progesterone receptor (PR) and has normal
human epidermal growth factor receptor 2 (HER2) gene copy
number and expression [1]. TNBC affects younger women
more frequently and has a worse prognosis than breast cancer
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in general due to a combination of more aggressive clinical
behavior and a lack of molecular targets for therapy [2]. Re-
cently, attention toward the complex role of the immune sys-
tem in cancer growth, metastasis and elimination has in-
creased. More detailed analyses of the intricate roles of the
constituents of the immune system could reveal potential
prognostic or predictive markers for cancer progression and
treatment targets for a group of refractory cancers including
TNBC [2].

Although breast cancer is one of least immunogenic tumors
in general, TNBC and HER2 positive breast cancers are more
immunogenic than luminal type breast cancer. Tumor infil-
trating lymphocytes (TILs) have been shown to be a strong
prognostic indicator in TNBC in particular but also in general
breast cancer. Several studies demonstrated that in TNBCs,
increased TILs within the tumor microenvironment were as-
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sociated with a reduction in relative risk of distant recurrence
or death [3]. Regarding the components of TILs, T-lympho-
cytes are the most predominant type of lymphocytes in the
tumor microenvironment, constituting up to 75% and cyto-
toxic CD8" T lymphocytes play a key role in the adaptive im-
munological defense against cancer cells, following reported
associations with better prognosis [3-5]. During the past de-
cade, new insights into the control of T-cell activation and
proliferation have led to the identification of checkpoint pro-
teins that either up- or downregulate T-cell reactivity [6,7].
Approaches to break effector T-cell anergy and to block sup-
pressive cell types and ligands to eradicate cancer led to
monoclonal antibody immunotherapies that inhibit cytotoxic
T lymphocyte antigen 4 or programmed death receptor 1
(PD-1) on T-cells or programmed death receptor ligand 1
(PD-L1) present at cancer cell membranes; all of which have
become promising molecular targets for anticancer immuno-
therapy, especially in highly immunogenic cancers such as
non-small cell lung cancer, malignant melanoma, and renal
cell carcinoma [8].

T-cell immunoglobulin and mucin domain 3 (TIM-3), a
member of the TIM family, is an immune checkpoint mole-
cule and has been shown to be expressed on CD4" T-helper 1
(Th1) cells, CD8" T-cells, dendritic cells, other lymphocyte
subsets, subpopulations of macrophages and monocytes [9],
and recently cancer cells [10,11]. Binding with galectin-9,
TIM-3 induces Thl cell death, suggesting its function in the
negative regulation of Th1 response [12]. TIM-3 has been
demonstrated as an important regulator of CD8" T-cell ex-
haustion in cancer [13]. The exhaustion of T-cells induces T-
cell dysfunction in the immune response and thus prevents
optimal control of tumors. On the contrary, TIM-3 downreg-
ulation in tumor cells has been suggested as a prognosticator
for cancer progression in colorectal and prostate cancer
[10,11]. Now;, TIM-3 is one of several immune checkpoint in-
hibitory molecules and one of critical mediator in cancer pro-
gression that are attracting attention as a target, but it remains
relatively poorly studied in oncoimmunology.

According to emerging evidence that the constituents of the
immune system will have potential as prognostic or predictive
markers of cancer progression as well as treatment targets for
a wide range of tumors, the identification of immune-related
factors in heterogeneous TNBC is a clinically unmet need. In
this study, we performed TIM-3 expression profiling of TILs
in TNBC using immunohistochemistry (IHC) and analyzed
correlations with clinicopathological factors, molecular bio-
markers and expressions of PD-L1 in cancer cells and PD-1 in
TILs following survival analyses with the aim to identify whether
TIM-3 expression levels in TILs act as a prognosticator.
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METHODS

Patient selection

Medical records which include pathologic diagnosis of
breast carcinoma and surgical resection were searched be-
tween 2007 and 2011 at Dong-A University Hospital, Busan,
Korea. After histologic and molecular review of a total of 837
cases, we selected 109 cases of TNBC which represented ER(-),
PR(-) and HER2(-) showing normal expression or no ampli-
fication with a histologic type of invasive ductal carcinoma
that were available for our investigation. All patients did not
receive any neoadjuvant chemotherapy before surgery. The
degree of TILs was initially evaluated based on the percentage
of tumor stromal area occupied by TILs, according to the sug-
gestion of the International TILs Working Group [14]. TILs
scores were re-classified into three groups (< 5%, 6%-33%,
>34%). Patient details and clinical information, including age
at initial diagnosis, histologic grade, tumor stage, lymph node
metastasis, TNM stage, date of surgery, date of last follow-up,
and date of recurrence or death were evaluated retrospectively
from the electronic medical records. The median follow-up
time was 76 months (range, 6-131 months) and the median
age of patients at diagnosis was 50 years (range, 30-74 years).
Furthermore, disease-free survival (DFS) was defined as the
duration from the date of initial diagnosis to the first detec-
tion of breast cancer-specific relapse or death. Overall survival
(OS) was defined as the time interval from the date of initial
diagnosis to the date of breast cancer-related death. The clini-
copathological information of TNBC patients is given in Table
1. This study was approved by the Institutional Review Board at
the Dong-A University Hospital, Busan, Korea (DAUHIRB-18-051)
and was exempt from patient informed consent due to use of
archived formalin-fixed and paraffin-embedded (FFPE) tu-
mor tissue.

Tissue microarray

We prepared a tissue microarray (TMA), possessing 109
TNBC cancer tissue punches from FFPE tumor samples ac-
cording to a previously described format [15]. Numerous can-
cer cell areas with dominant TILs on hematoxylin and eosin
stained slides were identified and two 3-mm tissue cores from
individual tumors were obtained. TMAs were constructed
with a tissue arrayer (Unitma Co., Ltd., Seoul, Korea). Ten
TMA blocks were constructed.

Immunohistochemistry and interpretation

IHC for TIM-3, PD-L1 and PD-1 was performed with 4-um
thick TMA tissue sections by using a BenchMark XT auto-
mated immunostainer (Ventana Medical System Inc., Tuscon,
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Table 1. Correlation of TIM-3 expression with clinicopathological parameters and PD-1/PD-L1 expressions in TNBC

TIM-3, No. (%)

Parameter p-value
<5% (n=17) 6%-25% (n=31) 26%-50% (n=48) >51% (n=13)

Age (yn) 0.0101
<40 1(6.9) 1(38.2) 11(22.9) 5(38.5)
>40 16 (94.1) 30(96.9) 37(77.1) 8(61.5)

Histologic grade 0.2101
1 1(5.9 1(3.2) 2(4.2) 0
2 4(23.5) 10 (32.3) 7(14.6) 0
3 12 (70.6) 20 (64.5) 39 (81.3) 13 (100)

CK5/6 0.9036
Negative 6(35.3) 11 (35.5) 17 (35.4) 6 (46.2)
Positive 11 (64.7) 20 (64.5) 31 (64.6) 7(63.8)

EGFR 0.2961
Negative 11 (64.7) 15 (48.4) 30 (62.5) 5(38.5)
Positive 6(35.3) 16 (51.6) 18 (37.5) 8(61.5)

EIC 0.0706
Negative 13 (76.5) 25 (80.6) 45(93.8) 13 (100)
Positive 4(23.5) 6(19.4) 3(6.3 0

Ki-67 (%) 0.3822
<20 7(41.2) 7 (22.6) 10(20.8) 4(30.9)
>20 10 (58.8) 24 (77.4) 38(79.2) 9(69.2)

p53 0.8725
Negative 7(41.2) 15 (48.4) 19 (39.6) 5(38.5)
Positive 10 (58.8) 16 (51.6) 29 (60.4) 8(61.5)

TILs (%) 0.0029
<5 7(41.2) 6(19.4) 5(10.4) 0
6-33 7(41.2) 13 (41.9) 22 (45.8) 2(15.4)
>34 3(17.6) 12 (38.7) 21 (43.8) 11 (84.6)

MC 0.1174
Absent 10 (58.8) 17 (54.8) 29 (60.4) 12 (92.3)
Present 7(41.2) 14 (45.2) 19 (39.6) 1(7.7)

Vascular invasion 0.2364
Absent 10 (58.8) 23(74.2) 40(83.3) 10(76.9)
Present 7(41.2) 8(25.8) 8(16.7) 3(23.1)

Tumor stage 0.0018
pT1 3(17.6) 20 (64.5) 21(43.8) 3(23.1)
pT2 10 (58.8) 11 (35.5) 24 (50.0) 10 (76.9)
pT3 4(23.5) 0 3(6.3 0

LN metastasis 0.7745
pNO 10 (58.8) 21(67.7) 35(72.9) 8(61.5)
pN1 2(11.8) 5(16.1) 7(14.6) 2(15.4)
pN2 1(5.9) 3(9.7) 1(2.1) 1(7.7)
pN3 4(23.5) 2(6.5) 5(10.4) 2(15.4)

TNM stage 0.2497
| 2(11.8) 13 (41.9) 17 (35.4) 2(15.4)
I 10 (58.8) 13 (41.9) 25 (62.1) 8(61.5)
Il 5(29.4) 5(16.1) 6(12.5) 3(23.1)

PD-LA1 0.0019
Low 16 (94.1) 28 (90.3) 40(83.3) 6 (46.2)
High 1(6.9 39.7) 8(16.7) 7(63.8)

PD-1 0.0001
Low 15(88.2) 22 (71.0) 21(43.8) 2(15.4)
High 2(11.8) 9(29.0) 27 (56.3) 11 (84.6)

TIM-3=T-cell Immunoglobulin and mucin domain-3; PD-1=programmed death receptor 1; PD-L1=programmed death receptor ligand 1; TNBC =triple-negative
breast cancer; CK=cytokeratin; EGFR=epidermal growth factor receptor; EIC=extensive in situ component; TILs=tumor infiltrating lymphocytes;
MC =microcalcification; LN=lymph node.
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USA). After deparaffinization, rehydration and antigen re-
trieval, diluted primary TIM-3 rabbit monoclonal antibody
(1:100; D5D5R™; Cell Signaling Technology, Beverly, USA),
PD-L1 rabbit monoclonal antibody (1:100; EIL3N; Cell
Signaling Technology) and PD-1 mouse monoclonal antibody
(1:50; NAT105; Abcam, Cambridge, UK) were incubated. The
primary antibodies were detected with Ultraview Universal
DAB Detection Kit (Ventana Medical System Inc.), according
to the manufacturer’s instructions, followed by hematoxylin
counterstaining. For the validation of these antibodies, we
used tonsillar tissue for TIM-3 antibody and PD-1 antibody,
and placental tissue for PD-L1I antibody as positive controls.
Two independent pathologists (J.S.]. and M.H.].) observed the
slides in a blinded manner. The distribution of TIM-3 expres-
sion in TNBC was identified as the percentage of distinctly
immune-stained TILs among total TILs, as represented in
Figure 1 and divided into score 1 (<5%), 2 (6%-25%), 3
(26%-50%) and 4 (=51%), referring to a previous study [16].
For the evaluation of PD-L1 expression of TNBC cancer cells,
we assessed the staining intensity with a 4-tiered scoring con-
sisting of negative (0), weak (score 1), moderate (score 2) and
strong (score 3) as well as the distribution of stained cancer
cells by percentage, finally multiplying intensity score by dis-
tribution percentage to obtain the expression score (range,
0-300). By using a modified Muenst’s scoring method [17],
PD-L1 expression was categorized into two groups according
to the final scores: low expression (< 100) and high expression
(2100). According to the distribution of PD-1 expression in
TILs, scoring was divided into 0 (<5%), 1 (6%-33%), 2 (34%-
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66%) and 3 (>66%) and re-categorized into a low expression
group (score 0 and 1) and high expression group (score 2 and 3).

The IHC study for the expression of ER (1:50), PR (1:50),
HER?2 (1:200), Ki-67 (1:800), cytokeratin 5/6 (1:50), epider-
mal growth factor receptor (EGFR) (1:50) and p53 (1:1,200)
was available in all tissues. The interpretation of staining in-
tensity and distribution for ER, PR, and HER2 expression was
analyzed as described previously [18].

Statistical analyses

The MedCalc software program (version 18.2.1; MedCalc,
Ostend, Belgium) was used for statistical analyses. The distri-
butions of TIM-3 expression levels in TILs with clinicopatho-
logical characteristics and biomarkers were compared using
the chi-square test. DFS and OS based on TIM-3 expression
were assessed by the Kaplan-Meier method with the log-rank
test. Univariate survival analysis was performed in individual
covariate and multivariate survival analyses using the Cox
proportional hazards regression model to assess whether the
expression level of TIM-3 in TILs was an independent predic-
tor of disease relapse or survival. In all of the tests, p<0.05
was defined as statistically significant.

RESULTS

A total of 109 primary TNBC patients were included in this
study. The median patient age was 50 years (range, 30-74
years). The mean tumor size was 2.5+1.7 cm. Four cases
(3.7%) were histologic grade 1, 21 cases (19.3%) were grade 2,

score 4 (>51%).

https://doi.org/10.4048/jbc.2018.21.e61

Figure 1. Representative T-cell immunoglobulin and mucin domain-3 (TIM-3) expressions in triple-
negative breast cancer by immunohistochemistry (x 400). (A) Occasionally, stromal tumor infiltrat-
ing lymphocytes (TILs) express TIM-3, analyzing into score 1 (<5%). (B) A few TILs express TIM-
3, analyzing into score 2 (6%-25%). (C) Some TILs and histiocytoid cells express TIM-3, analyz-
ing into score 3 (26%-50%). (D) Many TILs and histiocytoid cells express TIM-3, analyzing into
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and 84 cases (77.1%) were grade 3. Details of the clinicopath-
ological features of this cohort are summarized in Table 1.
TIM-3 was expressed in mononuclear leukocytes, which were
mainly TILs, and some histiocytoid cells (Figure 1) and can-
cer cells (data not shown). In this study, we analyzed TIM-3
expression in nonneoplastic immune cells. Overall, 17 cases
(15.6%) were score 1, 31 cases (28.4%) were score 2, 48 cases
(44.0%) were score 3 and 13 cases (11.9%) were score 4. Nine-
ty cases (82.6%) were low PD-L1 and 19 cases (17.4%) were
high PD-L1. Sixty cases (55.0%) were low PD-1 and 49 cases
(45.0%) were high PD-1.

Correlation of TIM-3 expression with clinicopathological
parameters and molecular biomarkers

High TIM-3 expression was significantly correlated with
younger patients (p=0.0101), high levels of TILs (p=0.0029)
and tumor stage (p=0.0018). Higher histologic grade, ab-
sence of extensive in situ components and absence of micro-
calcification tended to be related with high TIM-3 expression,
although not statistically significant (p=0.2101, p=0.0706,
p=0.1174, respectively). There were no correlations with
CK5/6, EGFR, Ki-67 and p53 expression, lymph node metas-

Kyung Do Byun, et al.

tasis stage or TNM stage. High TIM-3 expression was closely
correlated with increased PD-L1 expression in cancer cells
(p=0.0019) and high PD-1 expression in TILs (p=0.0001).
The results are summarized in Table 1. Furthermore, a corre-
lation between TIM-3 expression levels and combinational
immunophenotypes of PD-L1 and PD-1 expression was ob-
served. High TIM-3 expression was significantly associated
with the high PD-L1/high PD-1 group (p <0.0001) (Table 2).

Relationship between TIM-3 expression and patient outcome

Follow-up information was available in all 109 patients with
a median follow-up period of 76 months (range, 6-131
months). Disease relapse was observed in 26 patients (23.9%)
and 22 patients (20.2%) died. To examine whether TIM-3 ex-
pression level in TILs has a prognostic value for DFS and OS
in TNBC, Kaplan-Meier curves of high and low TIM-3 ex-
pression groups were constructed and are presented in Figure
2A. In this plot, patients with high TIM-3 expression had a
significantly better prognosis (DES, p<0.0001; OS, p=
0.0001). Patients with high TILs were also associated with bet-
ter DFS (p=0.0587) and OS (p=0.0167) (Figure 2B). High
PD-L1 expression in cancer cells tended to be related with

Table 2. Correlation of TIM-3 expression with combinational immunophenotypes of PD-L1/PD-1 expression in TNBC

TIM-3, No. (%)
PD-L1/PD-1 p-value
<5% (n=17) 6%-25% (n=31) 26%-50% (n=48) >51% (n=13)
High/high 0 182 5(10.4) 7(53.8)
High/low 1(5.9 2(6.5) 3(6.2) 0 <0.0001
Low/high 2(11.8) 8(25.8) 22 (45.8) 4(30.8)
Low/low 14 (82.4) 20 (64.5) 18(37.5) 2(15.4)

TIM-3=T-cell immunoglobulin and mucin domain-3; PD-L1=programmed death receptor ligand 1; PD-1=programmed death receptor 1; TNBC =triple-negative

breast cancer.

Table 3. Univariate and multivariate analysis of disease-free survival in TNBC

Univariate analysis Multivariate analysis

Variable

HR 95% Cl p-value HR 95% Cl p-value
Age (=40 yrvs. <40 yr) 0.5694 0.2284-1.4197 0.2270 0.2866 0.0883-0.9303 0.0375
Histologic grade (G3 vs. G1-2) 0.9376 0.3751-2.3438 0.8904 1.4047 0.4895-4.0314 0.5275
Vascular invasion (positive vs. negative) 1.2711 0.5340-3.0256 0.5877 0.5339 0.1985-1.4360 0.2138
TILs (>33% vs. <33%) 0.6972 0.3107-1.5645 0.3818 0.7876 0.2524-2.4578 0.6810
Tumor stage (T3 vs. T1-2) 2.7105 0.9302-7.89383 0.0676 0.3043 0.0598-1.5482 0.1518
LN metastasis (positive vs. negative) 24215 1.1206-5.2326 0.0245 1.0059 0.2719-3.7206 0.9930
TNM stage (Il vs. ) 3.8871 1.7606-8.5820 0.0008 6.0505 1.3880-26.3756 0.0166
PD-1 (high vs. low) 0.3771 0.1710-0.8317 0.0157 1.4303 0.3453-5.9241 0.6216
PD-L1 (high vs. low) 0.3598 0.0850-1.5225 0.1649 0.4420 0.0939-2.0816 0.3018
TIM-3 (>5% vs. <5%) 0.1943 0.0887-0.4258 <0.0001 0.1072 0.0319-0.3603 0.0003

TNBC =triple-negative breast cancer; HR=hazard ratio; Cl=confidence interval; TILs=tumor infiltrating lymphocytes; LN=lymph node; PD-1=programmed death
receptor 1; PD-L1=programmed death receptor ligand 1; TIM-3 =T-cell immunoglobulin and mucin domain-3.
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Figure 2. Kaplan-Meier survival curves for disease-free survival (DFS) and overall survival (OS) depending on T-cell immunoglobulin and mucin do-
main-3 (TIM-3) expression, tumor infiltrating lymphocytes (TILs), programmed death receptor ligand 1 (PD-L1) expression and programmed death re-
ceptor 1 (PD-1) expression. (A) High TIM-3 shows significantly better DFS (p<0.0001) and OS (p=0.0001). (B) High TILs show significantly better
DFS (p=0.0587) and OS (p=0.0167). (C) High PD-L1 tends to be related with better DFS (p=0.1461) and OS (p=0.2502), statistically insignificant.
(D) High PD-1 shows significantly better DFS (p=0.0118) and OS (p=0.0272).
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Table 4. Univariate and multivariate analysis of overall survival in TNBC
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Univariate analysis Multivariate analysis

Variable

HR 95% Cl p-value HR 95% Cl p-value
Age (240 yrvs. <40 yr) 0.6144 0.2266-1.6659 0.3385 0.4323 0.1203-1.5537 0.1988
Histologic grade (G3 vs. G1-2) 1.3920 0.4711-4.1131 0.5496 2.2985 0.6805-7.7636 0.1802
Vascular invasion (positive vs. negative) 1.7460 0.7114-4.2854 0.2238 0.8440 0.2888-2.4665 0.7566
TILs (>33% vs. <33%) 0.5807 0.2368-1.4243 0.2351 0.5447 0.1693-1.7525 0.3082
Tumor stage (T3 vs. T1-2) 4.4743 1.5088-13.2683 0.0069 1.1712 0.2247-6.1034 0.8512
LN metastasis (positive vs. negative) 3.6330 1.5514-8.5077 0.0030 2.3084 0.6418-8.3034 0.2002
TNM stage (lll vs. IHI) 4.4988 1.9182-10.5507 0.0005 2.8095 0.7323-10.7787 0.1321
PD-1 (high vs. low) 0.3893 0.1632-0.9289 0.0335 2.0597 0.4656-9.1120 0.3409
PD-L1 (high vs. low) 0.4370 0.1022-1.8694 0.2643 0.5909 0.1213-2.8779 0.5149
TIM-3 (5% vs. <5%) 0.2053 0.0875-0.4817 0.0003 0.1129 0.0323-0.3948 0.0006

TNBC =triple-negative breast cancer; HR=hazard ratio; Cl=confidence interval; TILs=tumor infiltrating lymphocytes; LN =lymph node; PD-1=programmed death
receptor 1; PD-L1 =programmed death receptor ligand 1; TIM-3 =T-cell immunoglobulin and mucin domain-3.

better DFS (p=0.1461) and OS (p=0.2502), although not sta-
tistically significant (Figure 2C), and high PD-1 expression in
TILs showed better DFS (p=0.0118) and OS (p=0.0272)
(Figure 2D).

Furthermore, we generated univariate and multivariate
analyses with the Cox proportional regression hazards model
in our database to investigate whether TIM-3 expression was
an independent prognostic factor for predicting DFS and OS
in TNBC. In univariate survival analysis, TNBCs with high
TIM-3 expression showed significantly reduced relapse risk
(p<0.0001) and better OS (p=0.0003) (Tables 3 and 4). Pa-
tients with high PD-1 expression in TILs were also associated
with better DFS (p=0.0157) and OS (p=0.0335) (Tables 3
and 4). High tumor stage, presence of nodal metastasis and
advanced tumor stage were significantly related with risk of
relapse (p=0.0676, p=0.0245, and p=0.0008, respectively)
and worse OS (p=10.0069, p=0.0030, and p=0.0005, respec-
tively) (Tables 3 and 4). Next, multivariate analysis involving
all variables that were tested in univariate analysis was gener-
ated. High TIM-3 expression in TILs of TNBC patients were
statistically significant in predicting prognosis, showing better
DFS (hazard ratio [HR], 0.1072; 95% confidence interval [CI],
0.0319-0.3603; p=0.0003) and longer OS (HR, 0.1129; 95%
CI, 0.0323-0.3948; p=0.0006) (Tables 3 and 4). Young pa-
tients and advanced stage were also significantly associated
with risk of relapse (Table 3).

DISCUSSION

In this study, we found that high TIM-3 expression in TILs
was significantly associated with better DFS and OS in the tri-
ple-negative subtype of invasive ductal carcinoma (IDC). Fur-
ther, through multivariate analysis, high TIM-3 expression in
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TILs of TNBC was an independent prognostic factor associat-
ed with longer recurrence-free survival and longer OS, despite
the fact that it was associated with poor clinicopathological
factors. These results suggest that high TIM-3 expression in
TILs might translate into a good prognostic biomarker for re-
lapse-free survival and OS in TNBC.

There are very few papers on TIM-3 expression in breast
cancer and not many in other cancers. We searched the litera-
ture for the relationship between TIM-3 expression and clini-
copathological factors in breast cancer and found one report.
Zhang et al. [19] reported that TIM-3*/CD8" T-cells in 150
IDC patients were correlated with lymph node metastasis,
histologic grade, and molecular classification similar to our
study, but there was no survival analysis. The difference from
our study was that Zhang et al. [19] observed the expression
of TIM-3 on CD8" T-cells, but we observed it on overall TILs,
while their study was on IDC, but our study was on triple-
negative subtype among IDC.

In addition to breast cancer, upregulated TIM-3 on either
CD4" and CD8" TILs or overall TILs have been reported in
lung cancer [20], hepatocellular carcinoma (HCC) [21], head
and neck cancer [22], and so forth. Poor clinicopathological
factors were correlated with high TIM-3 expression, but the
observed cells were diverse, representing CD4* TILs but not
CDS8" TILs [20], overall TILs [21] or CD8" TILs [22]. Patient
survival data for high TIM-3 expression were limited and in-
consistent, being reported as a negative prognostic factor of
OS in HCC [21] or no relation in head and neck cancer [22].
Furthermore, even upregulated TIM-3 on overall TILs in
HCC was related with poor clinicopathological factors and
poor survival; it was demonstrated that TIM-3* CD4" T-cells
had reduced proliferation and activation potential in HCC
[21].These results may be inferred from the range of covered
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TILs, detection methods, qualified analyses in case of immu-
nohistochemistry, cancer type and subtype and so on, and
also from the reality that TIM-3 remains relatively poorly
studied in oncology.

TIM-3 was originally identified by expression on Th1-spe-
cific cells and subsequently on a subset of activated CD4" T-
cells, differentiated Thl cells, CD8" T-cells and Th17 cells as
well as on cells of the innate immune system including mast
cells, subpopulations of macrophages and dendritic cells, nat-
ural killer cells, monocytes [9], and also cancer cells [10,11].
The clinical impact of TIM-3 being one of many similar in-
hibitory molecules for negative regulation of cytotoxic T-cells
reveals new targets in immunotherapy field of cancer treat-
ment, but there are also reports of conflicting studies by cell
types; thus, it is suggested that TIM-3 may play different bio-
logical roles in different leukocyte subsets [22]. Here, we sup-
pose that TIM-3 expression in overall TILs will be important
in the development of an approach for cancer prognosis, in
addition to unraveling the roles of TIM-3 in individual cellu-
lar subsets.

Meanwhile, there have been recent studies related to TIM-3
expression in cancer cells and clinical outcome. These studies
also showed contradictory results, such as a poor prognosis of
low TIM-3 in prostate cancer [12] and mediation of colorectal
cancer progression by upregulation of TIM-3 [13].

Breast cancer is not generally immunogenic, but its associa-
tion with the immune system is well-documented by the
prognostic impact of TILs and the expression of immune gene
signatures in some breast cancers [23]. The role of TILs as a
prognostic marker has been evaluated in several large studies
and consistently showed that in TNBC patients, TILs were as-
sociated with an improved clinical outcome [2,3]. Our results
also show that high TILs are correlated with better DFS and
OS. In subsequent studies, cytotoxic CD8* T lymphocytes
were shown play a key role in the adaptive immunological de-
fense against cancer cells and were reported to be associated
with a better prognosis [3-5]. PD-1 expressed on activated T-
cells, B-cells, natural killer cells, and myeloid cells conveys an
inhibitory signal to T-cells and thus impedes immune re-
sponses regulated by the PD-L1-PD-1 axis [7,8]. In this re-
gard, evaluation of PD-1* TILs could be important, but infor-
mation on PD-1* TILs in breast cancer is limited; a study re-
ported its association with higher histologic grade, negative
ER and high TILs, but failed to demonstrate an independent
prognostic role [23]. In our study, high PD-1 was associated
with high TIM-3 expression and associated with longer DFS
and OS, but was not an independent prognosticator. In breast
cancer, the frequency of PD-L1 expression by cancer cells has
been reported to vary widely, ranging from 1.7% to over 50%
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[17,24-26], with more frequent expression reported in TNBC
[17,24,25], as with our result, as well as in HER2 positive can-
cers [26]. In our study, the apparent PD-L1 expression was
17.4% (19 cases) of TNBC. Moreover, conflicting results have
been pub-lished regarding the clinicopathological relationship
and prognostic value of PD-L1 in breast cancer [17,24,26]. In
our study, PD-L1 was not associated with disease-free or over-
all survival, although we found a positive correlation between
TIM-3 expression in TILs with PD-L1 expression in cancer
cells and PD-1 expression in TILs, as well as the degree of
TILs.

Furthermore, our study demonstrated that higher TIM-3
expression in TILs was significantly associated with a combi-
national immunophenotype of high PD-L1 and high PD-1
compared with other combinations. Our results showed that
TIM-3 and the combinational immunophenotype of PD-L1
and PD-1 did not show any significant associations with re-
lapse-free and overall survival (data not shown) compared
with a previous study representing worse survival in low PD-1
TILs/ high PD-L1 group of HER2 positive breast cancer [26].
Also, individual immune checkpoint inhibitors appear to be a
potentially promising target for cancer immunotherapy; cur-
rent studies reported that a simultaneous blockade of two or
more inhibitors leads to more inhibition of tumor growth
than single inhibitor treatment alone [27]. In fact, we under-
stand that our study as well as other published studies have
some limitations, such as the fact that the use of TMAs may
not accurately represent expression due to intra-tumoral het-
erogeneity and aspects regarding the reliability of IHC stain-
ing for those inhibitors due to the lack of a standardized stain-
ing method and analysis protocol as well as the variety of anti-
bodies. However, according to recent trends in the field of im-
muno-oncology research, we believe that pattern studies of
these immune checkpoint inhibitors, alone or in combina-
tions, should be continued indispensably to search for poten-
tial candidates for prognostic factors as well as therapeutic
targets in cancer.

Despite its association with poor clinical and pathologic
features and it being a currently emerging target molecule for
anticancer immunotherapy via blockade, we demonstrate that
TIM-3 expression in TILs is an independent positive prog-
nostic biomarker in TNBC. Research for further characteriza-
tion of TIM-3* TILs and large-scale cohort studies for valida-
tion should certainly be pursued.
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