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Elucidation of the role of cholesterol sulfate in tumor immune privilege
formation and its application for drug development
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This study identified cholesterol sulfate (CS) and its producing enzyme
SULT2B1 as a novel tumor immune evasion mechanism that contributes to resistance to cancer

immunotherapy. The study demonstrates that CS released from SULT2B1-expressing cancer cells forms an
immunosuppressive chemical barrier (immune privilege) in the tumor microenvironment that prevents T
cell infiltration into the tumor and thus contributes to immunotherapy resistance. In the human
clinical database, SULT2B1 gene expression is highly correlated with poor prognosis and
immunosuppression in multiple cancer types. Independent screening identified a small molecule
inhibitor that suppresses CS production in SULT2Bl-expressing cancer cells and demonstrated that the

inhibitor can be used to diminish the immunotherapy resistance and enhance the efficacy of immune
checkpoint blockade and anti-tumor T cell transfer.

SULT



Immune evasion

Cell 144:646, 2011; Semin Cancer Biol 35:S185, 2015; Cell 168:707, 2017: [

1
TGF-beta 1L-10 PD-L1 CTLA-4
IDO Arginase CD8T (NK)
PD-1/PD-L1  CTLA-4
30%
T G Rac
DOCK2 (Cholesterol
sulfate: CS) DOCK2 CS
Immune privilege: Nat Rev Immunol 8:74, 2008
Sakurai, Uruno, et al. Sci Signal 11:eaa04874, 2018 CS
SULT2B1b
CS CS uv
CS
Science
348:74, 2015 CS
- CS
SULT2B1b
Sult2B1b CS
CS
(€H) SULT2B1b
in vivo Sult2B1b
KO
) Tumor infiltrating
leukocytes: TILs CyTOF TIL /8
/ / TILs
RNA-seq/qPCR CS
(©) SULT B PD-L1 PD-L1
T
Neo-antigen Ovalbumin (OVA)
OVA OVA - /NMHC i
TCR O0T-1 CD8T oT-11
CDAT SULT2B1b T
T
SULT2B1b
(€Y) in silico
SULT2B1 SULT2B1
(@) Cs CS T
Sult2B1b CS
(1) SULT2B1
(@) SULT2B1 TCGA

SULT2B1



@3) Cs

CS/SULT2B1
(1Cs
Sult2bl
EQO771-SULT

CyTOF
DC
SULT B1
T
Pan02

cSs T
BALB/c
CS

() cs

()

E0771
SULT

PD-L1

EL4

264) E.G7-OVA

OT-1 TCR T

1-Ab
Ab/0VA

OVA 323-339)
EO771

Immunol 2022

®
MC38

CH25H
25-HC
25-HC

25-HC
SULT2B1

Sult2bl
CS

CH25H
Q)

EQ771
EQ771-SULT
CcD8T NK
3LL
Sult2bl
KO
CD8T
DOCK2
CS
-
T

OATP/0AT
CS
Sult2bl
CS
CD45+
granzyme B
CS
Pan02 Sult2bl
KO
E0771

PD-L1 CS/SULT2B1(-) AA CS/SULT2B1(+) A'A,
i3 RERE Bt
Y : Chemical barrier
SULT @ T cell } ‘ by cholesterol sulfate (CS)
SULT @ > @ [’/GD
S [ 2.
OVA  (257- - k‘ ®
SULT PD-L1~_ @ e
OVA ‘ 7
i-PD- - / A
1 N e !:; @ =~
L Hf?/ )- : si
sut | @ ~ 8 Q. e
I- BENM.CSENLIENADRERBHE
OT-11 TCR CcbAT
SULT CS /SULT2B1b
Tatsuguchi, Uruno et al. Int
Sult2bl
MC38
CH25H 25-
LXR
25-HCS LXR
MC38  Ch25h MC38-delCh25h
CS
SULT2B1
CS
CS CD8T
T

Tatsuguchi, Uruno et al.



Int Immunol 2022

TCGA(The Cancer Genome Atlas) GTEx Genotype-tissue expression

RNA-seq 33 22
SULT2B1
@ Lung Adenocarcinoma (b) DOCK2 CcD28 CD69
g . 9- .o .
SULT281 g n 3 g i g
& ey 4R R OR
'u_) 2 : z L’ .ot : L b :.
SULT2B1 £ Tl tpcoos ] tesoms [ tpeome
) gacsd Not High Not High Not High
" | BN B12. iR &1+ 5 SULT2B1 3 &
b 20 40 60 80 100 120 140 160 180 200 220 (a) %%%%s (b)ﬁﬁﬁﬁi%{£¥-%ﬁ
Months (Y]
2
SULT2B1
SULT2B1b
CS
SULT2B1b CS
SULT2B1b PDB: 1Q1Z in silico 442
SULT2B1b CS
3B - -5- EO771-SULT
CS cD8T
T
SULT Tastuguchi, Uruno et al. Biochem
Biophys Res Commun 2022
SULT 2021-173456; PCT/JP2022/039416
SULT2B1 CS
() 12 HCT116, SW837, HT29 8 SULT2B1 bulk
RNAseq
12 bulk RNAseq 2024
SULT B
SULT2B1 HT29 SULT2B1b 4-kb
pGL Promoter Assay
HT29 SULT2B1 CS
SULT2B1b
basal 1.5-2 RNA-seq
SULT2B1b
(2) Cs 5 OATP/0AT
SIRNA
CS DOCK2
Morino et al. Front Immunol

2023; Kunimura et al. J Aller Clin Immunol 2023; Kunimura K et al. Allergy 2022;
Matsubara et al. Biochem Biophys Res Commun 2022;

CS/SULT2B1

Symposium
CS

2023;

2023

SULT2B1

2024

SULT2B1

Keystone

2022  SULT2B1b



8 8 0 8

Morino Kenji Kunimura Kazufumi Sugiura Yuki lzumi Yoshihiro Matsubara Keisuke Akiyoshi 14

Sayaka Maeda Rae Hirotani Kenichiro Sakata Daiji Mizuno Seiya Takahashi Satoru Bamba

Takeshi Uruno Takehito Fukui Yoshinori

Cholesterol sulfate limits neutrophil recruitment and gut inflammation during mucosal injury 2023

Frontiers in Immunology 1-14
DOl

10.3389/fimmu.2023.1131146

Tatsuguchi Takaaki Uruno Takehito Sugiura Yuki Oisaki Kounosuke Takaya Daisuke Sakata 609

Daiji lzumi Yoshihiro Togo Takaya Hattori Yuko Kunimura Kazufumi Sakurai Tetsuya Honma

Teruki Bamba Takeshi Nakamura Masafumi Kanai Motomu Suematsu Makoto Fukui Yoshinori

Pharmacological intervention of cholesterol sulfate-mediated T cell exclusion promotes 2022

antitumor immunity

Biochemical and Biophysical Research Communications 183 188
DOl

10.1016/j .bbrc.2022.04.035

Kunimura Kazufumi Yamamura Kazuhiko Nakahara Takeshi Kido- Nakahara Makiko Uruno Takehito 7

Fukui Yoshinori

Identification of a functional DOCK8 gene polymorphism associated with atopic dermatitis 2022

Allergy 3670 3672
DOl

10.11117al1.15429

Tatsuguchi Takaaki Uruno Takehito Sugiura Yuki Sakata Daiji lzumi Yoshihiro Sakurai 34

Tetsuya Hattori Yuko Oki Eiji Kubota Naoto Nishimoto Koshiro Oyama Masafumi Kunimura

Kazufumi Ohki Takuto Bamba Takeshi Tahara Hideaki Sakamoto Michiie Nakamura Masafumi

Suematsu Makoto Fukui Yoshinori

Cancer-derived cholesterol sulfate is a key mediator to prevent tumor infiltration by effector 2022

T cells

International Immunology 277 289

Dol
10.1093/intimm/dxac002




Kunimura Kazufumi Akiyoshi Sayaka Uruno Takehito Matsubara Keisuke Sakata Daiji Morino in press
Kenji Hirotani Kenichiro Fukui Yoshinori
DOCK2 regulates MRGPRX2/B2-mediated mast cell degranulation and drug-induced anaphylaxis 2023
Journal of Allergy and Clinical Immunology 0
DOl
10.1016/j . jaci .2023.01.029
Matsubara Keisuke Kunimura Kazufumi Yamane Nana Aihara Ryosuke Sakurai Tetsuya Sakata 559
Daiji Uruno Takehito Fukui Yoshinori
DOCK8 deficiency causes a skewing to type 2 immunity in the gut with expansion of group 2 2021
innate lymphoid cells
Biochemical and Biophysical Research Communications 135 140
DOl
10.1016/j .bbrc.2021.04.094
Tatsuguchi Takaaki Uruno Takehito Sugiura Yuki Sakata Daiji lzumi Yoshihiro Sakurai 34
Tetsuya Hattori Yuko Oki Eiji Kubota Naoto Nishimoto Koshiro Oyama Masafumi Kunimura
Kazufumi Ohki Takuto Bamba Takeshi Tahara Hideaki Sakamoto Michiie Nakamura Masafumi
Suematsu Makoto Fukui Yoshinori
Cancer-derived cholesterol sulfate is a key mediator to prevent tumor infiltration by effector 2022
T cells
International Immunology 277 289

Dol
10.1093/intimm/dxac002

27

2023




PLD1

101

2024

95

2022

95

2022

Takehito Uruno

A tumor metabolite impacting immunotherapy efficacy: Cholesterol sulfate regulates tumor-immune interactions

Keystone Symposia on Cancer Immunotherapy: Mechanisms of Response versus Resistance

2023




100

2023
0
3
SULT2B1b Cs
2021-173456 2021
PCT/JP2022/039416 2022

https://hyoka.ofc.kyushu-u.ac.jp/search/details/K004217/index.html

(Fukui Yoshinori)




(Tatsuguchi Takaaki)




