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Prostaglandin-mediated cancer immunoevasion; identification of target cell
populations and elucidation of their mechanisms
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In this study, we analyzed immune cells infiltrating mouse LLC1 tumor as
well as human tumors by scRNAseq and examined the roles prostaglandin E2 (PGE2)-EP2/EP4 signaling
plays in immune evasion in tumor microenvironment (TME). In the former, we found that this signaling

recruits and activates regulatory T cells in tumor, while the same signaling acts on myeloid cells
to stimulate inflammation and angiogenesis, thus recapitulating the feature of TME, that is, the
simultaneous presence of immune-evasion and inflammation. In the latter, we found that the
PGE2-EP2/EP4 signaling impairs bioenergetics and ribosome biogenesis in various tumor-infiltrating
immune cells by suppressing both glycolysis and mitochondrial respiration as well as c-Myc
signaling, making, for example, CD8+ T cells ineffective in their expansion, migration and
tumoricidal activity.

prostaglandln E2 PGE receptor EP2 PGE receptor EP4
bioenegetics scRNAseq



SCRNAseq

PG
() LLC1
EP2/EP4

EP2/EP4
@
intervention

invitro

(€)) LLC1

LLC1

COX-2  PGE

critica

PG

invitro

CD45+
EP2, EP4

SCRNAseq
PGE,

LLC1

in vitro

EP2/4

EP2/EP4

PGE2

EP2/EP4

PD-1

CTLA-4 PD-1

30

PG PG

EP2 EP4
PGE2-EP2/EP4

CD45+

PGE:

SCRNAseq

EP2/EPA

LLC1



EP2 EP4

EP2 EP4
LLC1 EP2/EP4
CD45+ FACS sorting
SCRNA-seq 31,971
clustering
15 T subclustering
Ch8 T CD4 Treg Treg CcbaT T 4
EP2/EP4
EP2/EP4 (TAN s1-s2, Mono sl-s4 TAM) NF-wB
mregDC
CD4 Treg Treg
PGE2-EP4 Treg
in vitro Treg
EP2/EP4 2 (
Treg )
PGE,-EP2/EP4 Treg

2

doi: 10.1016/j.celrep.2022.110914. PMID: 35675777

Cell Rep. 2022 Jun 7;39(10):110914.

15 CD45+
scRNAseq 86,613
COX-1/2, EP1~EP4
COX-1/2 PGE
EP4 EP2
EP1, EP3
CD8 T EP4
EP4 context
Cb8 T EP4 DEG EP4 T
IL-2
OXPHOS (RP)
EP4 Ch4 T
EP4  AP-1
OXPHOS RP
EP2 EP2 T



EP4

LLC1
scRNAseq

EP2/EP4
PGC-1a
Myc

flow cytometry
EP2/EP4

T
EP2 EP4
THP-1
PGC-1
PGE2-EP2/EP4

MC38-OVA  OT-l

adoptive transfer

2024

6

EP2 EP4
EP2/EP4 LLC1
OXOPHOS RP
(TME)
OXPHOS
RP Cc-
EP2/EP4 LLC1
PGC-1a c-Myc
TME PGE;
THP-1
CcD8T in vitro
THP-1 PMA CD8T TCR
EP2/EP4  PGE; c-Myc
OXPHOS CcD8 T
IL-2-STATS5
PGE; CD8T
EP2/EP4
invitro  tumoricidal assay in vivo
PGE2 EP2/EP4
check point

21



Thumkeo D, Punyawatthananukool S, Prasongtanakij S, Matsuura R, Arima K, Nie H, Yamamoto R, 39(10)

Aoyama N, Hamaguchi H, Sugahara S, Takeda S, Charoensawan V, Tanaka A, Sakaguchi S, Narumiya S.

PGE2-EP2/EP4 signaling elicits immunosuppression by driving the mregDC-Treg axis in 2022

inflammatory tumor microenvironment.

Cell Reports 110914
DOl

10.1016/j .celrep.2022.110914

Wong LR, Zheng J, Wilhelmsen K, Li K, Ortiz ME, Schnicker NJ, Thurman A, Pezzulo AA, Szachowicz 605(7908

PJ, Li P, Pan R, Klumpp K, Aswad F, Rebo J, Narumiya S, Murakami M, Zuniga S, Sola I, Enjuanes

L, Meyerholz DK, Fortney K, McCray PB Jr, Perlman S.

Eicosanoid signalling blockade protects middle-aged mice from severe COVID-19. 2022

Nature 146-151
DOl

10.1038/s41586-022-04630-3.

Siriwach R, Ngo AQ, Higuchi M, Arima K, Sakamoto S, Watanabe A, Narumiya S, Thumkeo D. 25(4)

Single-cell RNA sequencing identifies a migratory keratinocyte subpopulation expressing THBS1 2022

in epidermal wound healing.

iScience 104130
DOl

10.1016/j . isci.2022.104130.

Kremer KN, Buser A, Thumkeo D, Narumiya S, Jacobelli J, Pelanda R, Torres RM. 119(15)

LPA suppresses T cell function by altering the cytoskeleton and disrupting immune sSynapse 2022

formation.

Proc Natl Acad Sci U S A. €2118816119.

DOl
10.1073/pnas.2118816119.




Siriwach R, Ngo AQ, Narumiya S, Thumkeo D. 34

An optimized protocol to identify keratinocyte subpopulations in vitro by single-cell RNA 2022

sequencing analysis.

STAR Protoc. 101906
DOl

10.1016/j .xpro.2022.101906.

Siriwach Ratklao Ngo Anh Quynh Higuchi Makio Arima Kentaro Sakamoto Satoko Watanabe 25

Akira Narumiya Shuh Thumkeo Dean

Single-cell RNA sequencing identifies a migratory keratinocyte subpopulation expressing THBS1 2022

in epidermal wound healing

iScience

104130 104130

DOl
10.1016/j . isci.2022.104130

Robb Calum T. Zhou You Felton Jennifer M. Zhang Birong Goepp Marie Jheeta Privjyot Smyth 78

Danielle J. Duffin Rodger Vermeren Sonja Breyer Richard?M. Narumiya Shuh McSorley Henry

J. Maizels Rick M. Schwarze J?rgen K. J. Rossi Adriano G. Yao Chengcan

Metabolic regulation by prostaglandin E2 impairs lung group 2 innate lymphoid cell responses 2022

Allergy 714 730
DOl

10.1111/al1.15541

12 4 4

96

2022




Thumkeo Dean, Siwakorn Punyawatthananukool,

PGE2-EP2/EP4 mregDC-Treg

96

2022

Dean Thumkeo,

Activation of regulatory T cells through PGE2-EP4 signaling.

96

2022

Dean Thumkeo

Elucidation of the role of PGE2-EP2/4 pathway in cancer immunity utilizing scRNA-seq technology.

The Human Cell Atlas 2022 Asia meeting, Bangkok, Thailand

2022

Shuh Narumiya

Prostagalndins in tumor microenvironment as revealed by scRNAseq analysis

14th Meeting of the Asia Pacific Federation of Pharamacologists

2021




Thumkeo Dean

LLC1 PGE2-EP2/4

139

2021

Thumkeo Dean

140

2021

Thumkeo Dean,

PGE2-EP2/EP4 signaling mediates immunosuppression in tumor microenvironment through the facilitation of mregDC-Treg axis

50

2021

Anh Quynh Ngo, Ratklao Siriwach, Dean Thumkeo, Shuh Narumiya

Single cell RNA sequencing identifies a novel LPA-induced THBS1-positive keratinocyte subpopulation that is involved in
wound healing

138

2020




Makio Higuchi, Dean Thumkeo, Shuh Narumiya

New compounds for atopic dermatitis promote selective AHR-induced Filaggrin transcription in NHEK cells

137

2020

Shuh Narumiya

Roles of PGE2-EP2/EP4 signaling in immune landscape of tumor microenvironment-comparative scRNAseq analysis.

The 19th World Congress of Basic and Clinical Pharmacology

2023

Shuh Narumiya

PGE2-EP4 signaling induces immunosuppression in human cancers by impairing bioenergetics and ribosome biogenesis in
infiltrating immune cells

ITMAT-Kyoto University Symposium

2024

EP2/4 — —
https://ww.kyoto-u.ac.jp/ja/research-news/2022-06-08-1

http://www.mic.med.kyoto-u.ac.jp/index.php

http://www.mic.med.kyoto-u.ac.jp/dddm/







