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Can the assessment of lymphocyte exhaustion serve as a
prognostic predictor after lung cancer surgery?
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T-cell receptors (T'CRs) and costimulatory receptors—both
activating signals—are directed for differentiation of T-cells
in the direction of through to effector cells. Notably, both
TCRs and costimulatory receptors can be suppressed by
different signals. Costimulatory receptors coordinate the
induction of antigen-specific signals from TCRs, including
a group of inhibitory immune-checkpoint molecules
that comprise cytotoxic T-cell antigen-4 (CTLA-4),
programmed cell death 1 (PD-1), lymphocyte activation
gene 3 (LAG3), T-cell immunoreceptor with Ig and I'TIM
domains (TIGIT), and T-cell immunoglobulin and mucin-
domain containing-3 (TIM-3) (1).

TIM-3 belongs to a family of type I membrane proteins
and suppresses IFN-y production in Thl cells (2). It is
commonly expressed in exhausted T-cells with other
checkpoint receptors (3). However, the mechanisms
by which TCRs and other factors regulate TIM-3
expression are not well characterized. Equivalently, a
majority of tumor-infiltrating lymphocytes (TILs) in
tumors express TIM-3, but it is unclear what roles in the
microenvironment of tumor or which tumor antigens
are involved in the elevation of TIM-3 in effector T-cells
and Treg cells. TIM-3 elevation, as well as the elevation
of other checkpoint receptors, is correlated with CD8"
T-cell exhaustion. About melanoma, elevation of both
PD-1 and TIM-3 is a good indicator of non-reactive
CD8" T-cell populations (4). It has also been shown that
TIM-3 is expressed on tumor antigen-specific T-cells in
the peripheral blood of patients with various tumors, and
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several recent reports have demonstrated that TIM-3 is also
expressed on tumor cells themselves (5-7). It was suggested
that the expression of TIM-3 on tumor cells might directly
promote tumor metastasis and result in tumor advance
by other mechanisms. These mechanisms include direct
suppression of CD4" T-cell function and suppression
of IL-6 to STAT?3 signaling. Against this background,
TIM-3 has been suggested to be a predictive marker for
poor survival outcomes in a wide variety of malignancies,
including prostatic and renal cell carcinomas, as well as in
colorectal and gastric cancers (8).

In this study, they evaluated the expression of TIM-
3 in surgically resected lung cancer specimens. This
study included 139 patients who had not received any
preoperative treatment. More than 10% of the TILs and
more than 5% of the tumor cells were positive for TIM3.
Results showed that 7.9% (11 cases) of TILs and 6.5%
(9 cases) of tumor cells were TIM3 positive, and that there
was no correlational statistics between TIM-3 expression
and clinical characteristics. Notably, they evaluated the co-
expression patterns of TIM-3 with PD-1 and PD-L1 in
TILs. Previously, the co-expression of PD-1(+) TIM-3(+)
was considered to be indicative of exhausted T-cells (9),
which correlated with poor prognostic factors in ovarian
cancers (10).

Although they did not analyze prognostic factors for co-
expression, high TIM-3 levels in TILs were associated with
significantly shorter recurrence-free survival (RES), overall
survival (OS), and poorer prognosis. The lack of correlation
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of OS with TIM-3 expression in tumor cells may support
the hypothesis that TIM-3 is more functional for TILs
than cancer cells. An investigation of the expression
and prognosis of PD-1 and TIM-3 or CD8 in TILs in
esophageal cancer discovered that TIM-3 expression
correlated with poor survival , in agreement with the
current findings, and that the co-expression of PD-1 and
TIM-3 indicated a worse prognosis than TIM-3 expression
alone (11).

As a retrospective study, there are inherent limitations
to our research. For example, there is no uniformity in the
characteristics of patients who are positive and negative
for TIM-3 and have differences with respect to driver
mutation and performance status, etc., which may affect
the differences in terms of survival. Further, the overall
TIM-3 positivity rate was low in both tumor cells and
TILs, which may undermine the credibility of our data.
However, the same conclusions regarding correlations
between the TIM-3 expression and RFS and OS were
noted by Su et al., suggesting the reproducibility of the
results (12). Besides, the present study found stronger
TIM-3 expression and prognostic correlates in early-stage
I-II cases. Strong expression of TIM-3 in TILs, even in
early-stage cases, leads to lymphocyte exhaustion and may
have attenuated immune responses to minimal residual
disease. Nevertheless, because of the limited number of
patients who tested positive for TIM-3 and due to limited
information regarding the postoperative chemotherapy, this
study should be validated via a prospective clinical study.

The production of inflammatory cytokines such as
IFN-y, TNF-a, and IL-2 is strongly suppressed, and innate
immune function is reduced in TILs that are positive
for both TIM-3 and PD-1, which are considered poor
prognostic factors, compared with TILs that are negative
for TIM-3 and positive for PD-1 or negative for both TIM-
3 and PD-1 (13). TILs positive for TIM-3 and PD-1 are the
most exhausted populations of T-cells, while TILs negative
for TIM-3 and positive for PD-1 are a mixed population of
exhausted and effector T-cells (14). Su ez 4l. reported that
patients positive for both TIM-3 and PD-1 had the highest
RFS and the shortest OS, whereas patients negative for
both TIM-3 and PD-1 had the highest RFS and a longer
OS; the RES and OS of patients positive for either, but not
both TIM-3 and PD-1, were between those that for patients
positive or negative for both. Strong correlations between
expression of TIM-3 and PD-1 in TILs have been shown,
and TILs showing TIM-3 positivity are also often positive
for PD-1, which may be more prone to poor prognoses due
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to strong exhaustion of lymphocytes (12). In our study, we
observed a weak positive association between TILs and the
expression of PD-L1 in tumor cells (correlation coefficient
=0.255, P=0.002). Although the association between PD-L1
status and RFS and OS is not clearly understood, positive
PD-L1 may be a poor prognostic factor in postoperative
cases, and evaluating PD-L1 expression postoperatively may
help predict the risk of recurrence.

TIM-3 interacts with several ligands, including
Galectin-9, high mobility group box 1 (HMGB1),
phosphatidylserine, and carcinoembryonic antigen-related
cell adhesion molecule 1 (CEACAMI) (15). Among these,
HMGBI1 plays a key role in the expression of transcription
factors, such as p53 and NF-xB. HMGBI is released from
activated dendritic cells and macrophages or from necrosed
cells (including cancerous cells) into the extracellular
space where it induces innate immunity by serving as a
damage-associated molecular pattern (DAMP) (16). TIM-3
competitively inhibits the binding of HMGBI and DAMPs
to suppress innate immunity. Although some anticancer
drugs induce highly immunogenic cell-death and exhibit
antitumor potential by the mechanisms mentioned above,
TIM-3 expression has been reported to suppress innate
immunity and suppress the action of anticancer drugs (17).
Combinatorial treatment with anti-TIM-3 antibodies and
anticancer drugs may disrupt the function of TIM-3 and
can enhance innate immunity and antitumor efficacy (17).
In the background of high TIM-3 expression, the strategy
of combining anti-TIM-3 antibodies with cisplatin-
based postoperative adjuvant chemotherapy can possibly
prolong the life span or can even prevent postoperative
relapse. Clinical trials investigating anti-TIM-3 antibodies
are currently underway, and it seems likely that anti-
TIM-3 antibodies will be approved soon (18,19). In
addition, clinical trials INCT03680508) investigating
the combination of anti-TIM-3 and anti-PD-1/PD-L1
antibodies in liver cancer are currently underway, and if
the results are encouraging, we expect that these strategies
would get extended to other cancers as well.

Additionally, it has also been suggested that PD-1
antibodies can predict lymphocyte exhaustion. The
most recent report examined 247 metabolites in plasma
samples from lung cancer patients treated with PD-1
antibodies (before and after treatment), and reported that
accumulation of a four-item combination comprising the
following: enterobacteria-derived metabolite (hippuric acid),
energy metabolism-related metabolite (butyrylcarnitine),
and reactive oxygen-related metabolites (cystine, GSSG)
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in the plasma for up to 4 weeks after PD-1 antibody
administration was able to better determine the efficacy of
PD-1 antibodies (20). Further testing of T-cells revealed
that a total of four combinations, comprising mitochondrial
activation (PPARY coactivator 1 expression and ROS) and
CD8'PD-1" and CD4" T-cell frequencies up to 2 weeks
after treatment, can efficiently determine the efficacy of
PD-1 inhibitory antibodies. In addition, we also confirmed
that there was a strong correlation between plasma
metabolites and the activation and energy metabolism status
of T-cells. Due to these strong correlations, the four above-
mentioned T-cell markers were finally chosen as the most
sensitive biomarkers among all the metabolites and T-cell
markers studied. These results indicate that the activation
and metabolic status of immune cells can be assessed using
blood samples, and that the efficacy of PD-1 inhibitory
antibodies can potentially be predicted. Surgical resection
specimens, such as those used in the present study, can be
used to assess lymphocytic exhaustion in TILs, whereas
the prediction of therapeutic efficacy and prognosis using
blood samples, as previously described, may be beneficial
for predicting the prognosis of patients treated with, for
instance, radiotherapy.

Acknowledgments

Funding: None.

Footnote

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/tler.2020.03.21). JU reports grants from
Astrazeneca, grants from Boehringer Ingelheim, grants
from Eli Lilly and Company, outside the submitted work.
The other authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the

© Translational lung cancer research. All rights reserved.

Morimoto et al. Role of TIM-3 in non-small cell lung cancer

original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Anderson AC, Joller N, Kuchroo VK. Lag-3, Tim-3, and
TIGIT: Co-inhibitory receptors with specialized functions
in immune regulation. Immunity 2016;44:989-1004.

2. Monney L, Sabatos CA, Gaglia JL, et al. Thl-specific
cell surface protein Tim-3 regulates macrophage
activation and severity of an autoimmune disease. Nature
2002;415:536-41.

3. Zehn D, Wherry EJ. Immune memory and exhaustion:
Clinically relevant lessons from the LCMV model. Adv
Exp Med Biol 2015;850:137-52.

4. Fourcade J, Sun Z, Benallaoua M, et al. Upregulation
of Tim-3 and PD-1 expression is associated with tumor
antigen-specific CD8+ T cell dysfunction in melanoma
patients. ] Exp Med 2010;207:2175-86.

5. Wiener Z, Kohalmi B, Pocza P, et al. TIM-3 is expressed
in melanoma cells and is upregulated in TGF-beta
stimulated mast cells. J Invest Dermatol 2007;127:906-14.

6. Shang, LiZ, Li H, et al. TIM-3 expression in human
osteosarcoma: Correlation with the expression of
epithelial-mesenchymal transition-specific biomarkers.
Oncol Lett 2013;6:490-4.

7. Huang X, Bai X, Cao Y, et al. Lymphoma endothelium
preferentially expresses Tim-3 and facilitates the
progression of lymphoma by mediating immune evasion. J
Exp Med 2010;207:505-20.

8. Lotze MT, Tracey KJ. High-mobility group box 1 protein
(HMGBI1): Nuclear weapon in the immune arsenal. Nat
Rev Immunol 2005;5:331-42.

9. Zhou Q, Munger ME, Veenstra RG, et al. Co-expression
of Tim-3 and PD-1 identifies a CD8+ T-cell exhaustion
phenotype in mice with disseminated acute myelogenous
leukemia. Blood 2011;117:4501-10.

10. Fucikova J, Rakova J, Hensler M, et al. TIM-3 dictates
functional orientation of the immune infiltrate in ovarian
cancer. Clin Cancer Res 2019;25:4820-31.

11. Zhao'Y, Chen D, Wang W, et al. Significance of TIM-

3 expression in resected esophageal squamous cell
carcinoma. Ann Thorac Surg [Internet] 2020 [accessed
2020 Feb 7]; Available online: https://linkinghub.elsevier.
com/retrieve/pii/S0003497520300679

12. Su H, Xie H, Dai C, et al. Characterization of TIM-

3 expression and its prognostic value in patients with

Trans! Lung Cancer Res 2020;9(2):184-187 | http://dx.doi.org/10.21037/tlcr.2020.03.21


http://dx.doi.org/10.21037/tlcr.2020.03.21
http://dx.doi.org/10.21037/tlcr.2020.03.21

Translational Lung Cancer Research, Vol 9, No 2 April 2020

surgically resected lung adenocarcinoma. Lung Cancer
2018;121:18-24.

13. LiuJ, Zhang S, Hu Y, et al. Targeting PD-1 and Tim-3
pathways to reverse CD8 T-cell exhaustion and enhance
ex vivo T-cell responses to autologous dendritic/tumor
vaccines. ] Immunother 2016;39:171-80.

14. Sakuishi K, Apetoh L, Sullivan JM, et al. Targeting
Tim-3 and PD-1 pathways to reverse T cell exhaustion
and restore antitumor immunity. ] Exp Med
2010;207:2187-94.

15. He Y, Cao J, Zhao C, et al. TIM-3, a promising
target for cancer immunotherapy. Onco Targets Ther
2018;11:7005-9.

16. Tang R, Rangachari M, Kuchroo VK. Tim-3: A co-

receptor with diverse roles in T cell exhaustion and

Cite this article as: Morimoto K, Morimoto Y, Uchino J. Can
the assessment of lymphocyte exhaustion serve as a prognostic

predictor after lung cancer surgery? Transl Lung Cancer Res
2020;9(2):184-187. doi: 10.21037/tlcr.2020.03.21

17.

18.

19.

20.

187

tolerance. Semin Immunol 2019;42:101302.

Chiba S, Baghdadi M, Akiba H, et al. Tumor-infiltrating
DCs suppress nucleic acid-mediated innate immune
responses through interactions between the receptor TIM-3
and the alarmin HMGB1. Nat Immunol 2012;13: 832-42.
Qin S, Xu L, Yi M, et al. Novel immune checkpoint
targets: Moving beyond PD-1 and CTLA-4. Mol Cancer
2019;18:155.

Yi C, He Y, Xia H, et al. Review and perspective on
adjuvant and neoadjuvant immunotherapies in NSCLC.
Onco Targets Ther 2019;12:7329-36.

Hatae R, Chamoto K, Kim YH, et al. Combination of
host immune metabolic biomarkers for the PD-1 blockade
cancer immunotherapy. JCI Insight 2020;5:133501.

© Translational lung cancer research. All rights reserved. Trans! Lung Cancer Res 2020;9(2):184-187 | http://dx.doi.org/10.21037/tlcr.2020.03.21



