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Abstract

ENEEESCE. BHROBBEOBENBEL., ThSRFEVICHEECEDY IDOEVER
ICHFET2. BF. RECS T 4% BEZEOLLESHMIRRZSFENCENE L ILFHRA
BHBORRENEAASN, RRZLEF22H2. ARG, REBEZ2ZANSEERIER (R
FMRY 7247, A —TVRBE. REHEREES ) CLUBSHILL., BRFEZNERZ
BOREZERRNZRETS (AN1 ). AOBERENRBE L TREL . MESMMENSR
WHFHRY 7 24 704HBHEZHEAETS (BN2 ). O2EEZERL., BECNTIHAEE
HEOBREBZDIRARZALTS. NFE, ROWERREHFET. BN 1 ZHBRIERL I
FTREEABYA ZAVEZERALEZITL. ACTA2 ( alpha smooth muscle

actin ) X O'FAP ( fibroblast activation protein alpha ) DHBE L R)LICK VW HEHMBHICREE N D
EROGHETFHIRY T 247 2RHL. ThSHFERNBHAAICSBI32ETESHEMARTHI L
ZERHULE, RIC, HBABREZERDLEER, ChSEHFMERY T 24758 ICOT 5>
BEZEV I BENTRAET AL ZARRICLEEABERES AT LAZRARL -, COFMBRRINZEA
WBIET, F& RBERISZECHML D FREZFNEBRONESE - BERE2156|0 RAE
BEO2YIRYAICOVT, EEMEOEBEZRAEL Iz, RVT, BMEHEKICK Y BEEBEZ Ocoll
agen-rich type @FAP-dominant-fibroblast-rich type @ACTA2-dominant-fibroblast-rich type®32(C
PEITRE, BEFRIEAVICERLEhE, €512, BYOEERM(TZ2ET2HER. &
MEOS FENER (BRNEZFRACEISPFYITRA4T- SMADABEFEE ) PREWN
FEMABRICERD LN RENL, ENBRBRAZAVLEEEN DBREOSVENZE
BEFTDNS—EOMERRLE., BECHITIFNRABRERERESTICEERBIMLOLSHI(C
TRIZZECHERTHY) ., BRERNXEL THEL 1Z(Clin Caner Res

2021 ; RFEIZEA, N1 T4 MR=/N—IZEH),

Pancreatic cancer is characterized by abundant desmoplastic stroma. Emerging evidence
suggests a promising therapeutic effect of stroma-modifying therapies that target immune and non-
immune stromal elements in the pancreatic cancer microenvironment. Specific aims of this study
are as follows:

Aim 1: To develop a novel classification system of pancreatic cancer patients according to
quantitative data on major stromal factors (i.e., collagen, fibroblasts, tumor-infiltrating immune
cells)

Aim 2: To elucidate regulatory mechanisms of two mutually-exclusive fibroblast subtypes in the
pancreatic cancer microenvironment.

This year, we successfully obtained the following results to achieve Aim 1. Firstly, we identified
mutually exclusive fibroblast subtypes that express distinct levels of ACTA2 (alpha smooth muscle
actin) and FAP (fibroblast activation protein alpha) as dominant fibroblast subpopulations within
human pancreatic cancer tissues, using multiplex fluorescent immunohistochemistry Then, we
developed a pixel-by-pixel image analysis system to digitally differentiate and quantify these
fibroblast subtypes in pancreatic tumor tissues. Quantitative computation of these principal
fibroblast subtypes, intratumoral collagen, and CD8-positive T cells using whole-tissue sections
from 215 treatment-naive pancreatic cancers allowed us to identify three distinct stroma types
(collagen-rich stroma, FAP-dominant-fibroblast-rich stroma, and ACTA2-dominant-fibroblast-rich
stroma) that were differentially associated with patient outcomes. Besides, these three stroma
types correlated with transcriptome-based molecular subtypes, tumor SMAD status, and restricted
CD8-positive cell infiltration. Our human tissue-based quantitative analyses likely provided new
insights into the clinical importance of stroma-based pancreatic cancer subtyping in facilitating the
development of multidisciplinary treatment strategies against this lethal malignancy (Clin Cancer
Res 2021; selected as cover image and one of highlighted papers).
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Elucidation of the clinical significance and regulatory mechanisms of mutually exclusive fibroblast subtypes in the pancreatic cancer
microenvironment

1. HIREERFROBE

EEEAEICIE, EHEOBEEOBENEREL. TASEENIFECEADY D DEDERIZES T 5, 85, BEIZEIT5%
E-HEEEOESMNMNREZERENICEMNELE-FIRARBROBEEN &N, REZ LT D22H5, AT, FEEHEE
ZAMNLEERZEREFHERYIZ2(T. 25— VB E. REMRBRREHSE) ICLUHEIEL. BRFEENERZE DERERS
BRlZRIET 2 (M) EAEABREZENEMELTREL -, HEBbMARMH MY T 24T O EHEEZERT S (BN2).
D2 IEEZEERL. BEEICH T AEMRABREBROBEELEIHRERILET S, AEE. ROWMEEREHT. BM1Z4aZERK L=,
TP HEEASYAZANV -2 EENLLABEITL., ACTA2 (alpha smooth muscle actin) & U FAP (fibroblast activation protein alpha)
DHFEBLAIZKYBE AR HEIND 2 BEORMEFHBY T4 TEREL, TNOAEFEASAICE T2 T ELME M
ThHHIEERHLI-, RIZ.HBABREERI-FE. OB FMBEY IS4/ TR UICaS—S U EREV VB TRIET S
CEETBEICLI-MRBEE R TLZRE Lz, COFREMERANSGILT. PR - AEREEEUHALTS FREFZNEROMFGE
SIN-BERAEK 215 BIORABRBEROEVIBRUFICONT. EHEBEOHERERELz, RNT, MEMAKICKYEREMEZD
collagen-rich type @FAP-dominant—fibroblast—rich type @)ACTA2-dominant—fibroblast—rich type M 3 DIZH$ET 5L BEHEFTRITE
NWZEBA STz, S, BRDBBERATEHAITHHEEL. EHEOS FEMMER BREMEGEFRBICE (D FHI &S
7-SMAD4 BIEFEE) PREIFIFEENERICELRDIIENTREINT, EMNEFRBRAZRAV-EHMNA OEREOS UV ETEER
ETBINL—EOHERR L. BEICH T IHBAREBRARLELVICEZBAIED-HICRBICECHERETHY . REHEL
TR L7=(Clin Caner Res 2021; RIRIZERA. /A5 hR—/8—[ZEH),

2. MREBREAEEOME (R

Pancreatic cancer is characterized by abundant desmoplastic stroma. Emerging evidence suggests a promising therapeutic effect of
stroma—modifying therapies that target immune and non—immune stromal elements in the pancreatic cancer microenvironment.
Specific aims of this study are as follows:

Aim 1: To develop a novel classification system of pancreatic cancer patients according to quantitative data on major stromal factors
(i.e., collagen, fibroblasts, tumor—infiltrating immune cells)

Aim 2: To elucidate regulatory mechanisms of two mutually—exclusive fibroblast subtypes in the pancreatic cancer microenvironment.

This year, we successfully obtained the following results to achieve Aim 1. Firstly, we identified mutually exclusive fibroblast subtypes
that express distinct levels of ACTA2 (alpha smooth muscle actin) and FAP (fibroblast activation protein alpha) as dominant fibroblast
subpopulations within human pancreatic cancer tissues, using multiplex fluorescent immunohistochemistry Then, we developed a
pixel-by—pixel image analysis system to digitally differentiate and quantify these fibroblast subtypes in pancreatic tumor tissues.
Quantitative computation of these principal fibroblast subtypes, intratumoral collagen, and CD8-positive T cells using whole—tissue
sections from 215 treatment—naive pancreatic cancers allowed us to identify three distinct stroma types (collagen—rich stroma, FAP-
dominant—fibroblast-rich stroma, and ACTA2-dominant—fibroblast-rich stroma) that were differentially associated with patient
outcomes. Besides, these three stroma types correlated with transcriptome—based molecular subtypes, tumor SMAD status, and
restricted CD8—positive cell infiltration. Our human tissue—based quantitative analyses likely provided new insights into the clinical
importance of stroma—based pancreatic cancer subtyping in facilitating the development of multidisciplinary treatment strategies
against this lethal malignancy (Clin Cancer Res 2021; selected as cover image and one of highlighted papers).
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