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COMMENTARY

Regulatory T cells in the tumour microenvironment of head
and neck cancer: Emerging target in the era of
immunotherapy
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Head and neck squamous cell carcinoma (HNSCC) is a
heterogeneous disease that arises from different anatomic
sites of the upper aerodigestive tract and is associated
with various aetiology.1 Smoking, alcohol consumption,
and human papillomavirus (HPV) infection are common
etiologic factors of HNSCC. Particularly, HPV infection is
a predominant cause of oropharyngeal cancer, and HPV-
positive HNSCC possesses distinct characteristics, includ-
ing a young age of onset, frequent lymph node involve-
ment, heavy lymphocyte infiltration, and better progno-
sis after surgical resection. Currently, the overall inci-
dence of HPV-positive HNSCC is increasing, highlight-
ing the medical importance of understanding this disease.
HPV infection accompanied by the expression of the viral
oncogenes E6 and E7 inactivates the tumour-suppressor
proteins p53 and Rb, promoting genomic instability and
cancer development.2 In addition, HPV interferes with
immune surveillance through variousmechanisms includ-
ing suppression of interferon response and downregula-
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tion of major histocompatibility complex I expression.3
Induction of T-cell exhaustion is another strategy used
by HPV to evade host immune surveillance, and HPV-
positive HNSCC has been considered a good candidate
for immunotherapies, including programmed cell death-
1 (PD-1) checkpoint inhibitors. Conversely, recent studies
have revealed that the response to PD-1 blockade is not
associated with HPV infection status in recurrent and/or
metastatic HNSCC.4,5 Thus, to broaden treatment options
and contribute to improving treatment outcomes, it is nec-
essary to investigate the mechanisms involved in provid-
ing intrinsic resistance to PD-1 blockade in HPV-positive
HNSCC.
Among heterogeneous populations of tumour-

infiltrating immune cells, some cellular subsets exert
suppressive capacity to attenuate antitumor immune
responses. Myeloid-derived suppressor cells, tumour-
associated macrophages with M2-like phenotype, and
regulatory T cells (Tregs) are representative examples
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of cellular subsets involved in immune suppression.
Among these, Tregs are a functionally distinct T cell
subpopulation involved in the maintenance of immune
homeostasis.6 Tregs specifically express transcription
factor forkhead box P3 and inhibit effector T cell popu-
lations in a direct or indirect manner. As demonstrated
by numerous preclinical and clinical observations, the
abundance of Tregs was associated with poor prognosis
and treatment resistance via their suppressive capacity. In
our recent study, we have shown that the tumourmicroen-
vironment of HPV-positive HNSCC is characterized by
disproportional enrichment of Tregs compared to HPV-
negative HNSCC based on the analysis of transcriptomic
data and flow cytometry.7 Tumor-infiltrating Tregs of
HNSCC highly express immune checkpoint coinhibitory
receptors, exerting suppressive capacity to inhibit effector
T-cell proliferation. The clinical implication of balance
between Tregs and effector CD8+ T cells in the context
of HPV infection was also highlighted in the survival
analysis. Importantly, indoleamine 2,3-dioxygenase (IDO)
pathways were involved in the enrichment of Tregs in
the HPV-positive HNSCC, and simultaneous inhibition
of IDO and PD-1 was associated with a durable response.
Collectively, further investigation with IDO inhibitor and
PD-1 inhibitor is warranted to improve the treatment out-
come of HPV-positive HNSCC, offsetting the suppressive
capacity of Tregs in the tumour microenvironment.
Targeting Tregs can be achieved in several ways. Tra-

ditionally, Tregs were regarded as a key subset to hin-
der immune-mediated control of tumours, making deple-
tion of Tregs a plausible approach. Tregs in the tumour
microenvironment can be characterized by the expression
of several cell surface markers, including CD25, CCR4,
and various coinhibitory or costimulatory molecules.
Among these, CCR4, a chemokine receptor that allows
Tregs to migrate to the tumours, can be regarded as
an appreciable candidate to be exploited in the deple-
tion of Tregs. This concept was realized through preclin-
ical study and ongoing efforts with an anti-CCR4 mon-
oclonal antibody are under investigation. Targeting Treg-
relevant suppressive cytokines would be another worth-
while approach to be exploited. The indispensable relation-
ship between immunosuppressive transforming growth
factor-beta (TGF-β) and Tregs was widely acknowledged
and intensively studied. Currently, inhibition of cognate
receptor for TGF-β is actively explored as a therapeutic
strategy to overcome immunotherapy resistance.8 Further-
more, CD39 and CD73 overexpressed on Tregs can con-
tribute to the production of adenosine,9 providing a ther-
apeutic window to target CD39/CD73 and reverse Treg-
mediated metabolic reprogramming. Activation of vascu-
lar endothelial growth factor (VEGF) signalling pathway is
also involved in Treg accumulation to the tumourmicroen-

vironment through interaction between VEGF and VEGF
receptor 2 (VEGFR2) expressed on Tregs.10 Thus, block-
ade of the VEGF/VEGFR2 axis can attenuate trafficking of
Tregs to the tumour microenvironment and immune sup-
pression. IDOhas immune regulatory roles associatedwith
tryptophan metabolism. One of the major pathways by
which IDO can affect T cell immune responses is via acti-
vation of suppressive Treg cells. The implication of IDO-
mediated enrichment of Tregs in HPV-positive HNSCC
was highlighted by our study,7 supporting clinical utiliza-
tion of IDO inhibitor in this disease.
In conclusion, Tregs should be regarded as a therapeu-

tic target based on their well-known suppressive func-
tion implicated in poor prognosis and therapeutic resis-
tance. Especially, therapeutic targeting of Tregs has sig-
nificant implications in HPV-positive HNSCC, evidenced
by disproportional enrichment of Tregs with suppressive
capacity. A deeper understanding of the development and
function of Tregs in the tumour microenvironment would
enable harnessing Tregs in a meticulous way. Finally, con-
tinuing efforts to exploit Tregs would enrich the treatment
landscape and ultimately contribute to improving treat-
ment outcomes.

ORCID
Sang-JunHa https://orcid.org/0000-0002-1192-6031

REFERENCES
1. Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman

JE, Grandis JR. Head and neck squamous cell carcinoma.
NatRevDis Primers. 2020;6(1):92. https://doi.org/10.1038/s41572-
020-00224-3.

2. Schiffman M, Doorbar J, Wentzensen N, et al. Carcino-
genic human papillomavirus infection. Nat Rev Dis Primers.
2016;2:16086. https://doi.org/10.1038/nrdp.2016.86.

3. Solomon B, Young RJ, Rischin D. Head and neck squa-
mous cell carcinoma: genomics and emerging biomarkers for
immunomodulatory cancer treatments. Semin Cancer Biol.
2018;52(Pt 2):228-240. https://doi.org/10.1016/j.semcancer.2018.
01.008.

4. Seiwert TY, Burtness B, Mehra R, et al. Safety and clinical activ-
ity of pembrolizumab for treatment of recurrent or metastatic
squamous cell carcinoma of the head and neck (KEYNOTE-
012): an open-label, multicentre, phase 1b trial. Lancet Oncol.
2016;17(7):956-965. https://doi.org/10.1016/s1470-2045(16)30066-
3.

5. Bauml J, Seiwert TY, Pfister DG, et al. Pembrolizumab for
platinum- and cetuximab-refractory head and neck cancer:
results from a single-arm, phase II study. J Clin Oncol.
2017;35(14):1542-1549. https://doi.org/10.1200/jco.2016.70.1524.

6. Sakaguchi S, Mikami N, Wing JB, Tanaka A, Ichiyama K,
Ohkura N. Regulatory T cells and human disease. Annu
Rev Immunol. 2020;38:541-566. https://doi.org/10.1146/annurev-
immunol-042718-041717.

 27680622, 2022, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ctd2.57 by Y

onsei U
niversitaet C

entral L
ibr, W

iley O
nline L

ibrary on [20/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-1192-6031
https://orcid.org/0000-0002-1192-6031
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1038/nrdp.2016.86
https://doi.org/10.1016/j.semcancer.2018.01.008
https://doi.org/10.1016/j.semcancer.2018.01.008
https://doi.org/10.1016/s1470-2045(16)30066-3
https://doi.org/10.1016/s1470-2045(16)30066-3
https://doi.org/10.1200/jco.2016.70.1524
https://doi.org/10.1146/annurev-immunol-042718-041717
https://doi.org/10.1146/annurev-immunol-042718-041717


KIM et al. 3 of 3

7. Park S, Kim CG, Kim D, et al. Disproportional enrichment
of FoxP3(+) CD4(+) regulatory T cells shapes a suppressive
tumour microenvironment in head and neck squamous cell
carcinoma. Clin Transl Med. 2022;12(3):e753. https://doi.org/10.
1002/ctm2.753.

8. Mariathasan S, Turley SJ, Nickles D, et al. TGFbeta attenuates
tumour response to PD-L1 blockade by contributing to exclu-
sion of T cells. Nature. 2018;554(7693):544-548. https://doi.org/
10.1038/nature25501.

9. Deaglio S, Dwyer KM, Gao W, et al. Adenosine generation cat-
alyzed by CD39 and CD73 expressed on regulatory T cells medi-
ates immune suppression. J Exp Med. 2007;204(6):1257-1265.
https://doi.org/10.1084/jem.20062512.

10. Tada Y, Togashi Y, Kotani D, et al. Targeting VEGFR2 with
Ramucirumab strongly impacts effector/activated regulatory
T cells and CD8(+) T cells in the tumor microenvironment.
J Immunother Cancer. 2018;6(1):106. https://doi.org/10.1186/
s40425-018-0403-1.

How to cite this article: Kim CG, Park S, Kim
HR, Ha S-J. Regulatory T cells in the tumour
microenvironment of head and neck cancer:
Emerging target in the era of immunotherapy. Clin.
Transl. Disc. 2022;2:e57.
https://doi.org/10.1002/ctd2.57

 27680622, 2022, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ctd2.57 by Y

onsei U
niversitaet C

entral L
ibr, W

iley O
nline L

ibrary on [20/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ctm2.753
https://doi.org/10.1002/ctm2.753
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature25501
https://doi.org/10.1084/jem.20062512
https://doi.org/10.1186/s40425-018-0403-1
https://doi.org/10.1186/s40425-018-0403-1
https://doi.org/10.1002/ctd2.57

	Regulatory T cells in the tumour microenvironment of head and neck cancer: Emerging target in the era of immunotherapy
	ORCID
	REFERENCES


