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The pancreas is located deep-.inside the
upper abdomen behind the stomach Two major functions of pancreas

Splenic artery

Spleen

Pancreas Endocrine Exocrine
The pancreas produces chemical The pancreas produces
(hormones) that regulate blood sugar enzyme that help digest our food

' it |
; Bile duct (from
. gall bladder)
! 1

Common bile duct

v

Amylase Starch

2 functions

P

- &
r Glucagon p- ‘
\ Duodenum of
antall IFtestics Alpha cells Somatostatin % Protease Protein
" " Beta cells -
Pancreatic duct Acinar cells 4 Vi
secrete digestive e i i Pancreatic S g -
enzymes xocrine acinus polypeptide | - s J }
- S—

g Fét
glucose metabolism secret enzyme for
digesting food

Pancreatic acini
(with exocrine cells)

Pancreatic islet
(with endocrine cells)

Metabolite homeostasis

Pancreatic duct




AR AEEE
V& F =48

?II

|

Endocrine (In) Exocrine (out)

;
—y
{© O

/ Fl.l:lnar cells secrete pancreatc
enzymeas into pancreabc duct

Islets of Langethan cells secrete
hormons into blood vessels

Minor type is pancreatic  Major type is pancreatic ductal
neuroendocrine tumor (PNET) (~5 %) adenocarcinoma (PDAC) (over 90 %)
—> ductal cells
from Islet cells from
endocrine cells exocrine cells '—acinar to ductal -like cells

5 year survival rate about 20~40 %
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簡報者備註
簡報註解
Over 80% of the patients are often diagnosed at a late stage when cancer cells have already spread out and are beyond the curative resection treatment window.
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Five-year cancer survival rates in the USA

Average five-year survival rates from common cancer types in the United States,
shown as the rate over the period 1970-77 [e] and over the period 2007-2013 [e]: 1970-77 e———3»e 2007-2013
This five-year interval indicates the percentage of people who live longer than five vears following diagnosis.

All cancers 50.3%® >0 67% ‘
Prostate 67.8%e P»-o 98.6%
Thyroid 92.1% e——J»e 98.2%
Pancreatic ductal adenocarcinoma Melanoma 81.9% e———J»e 91.7%
(PDAC) accounts for over 90% of Breagtifamaie) st - g haiia
Uterus 82.3% e—e 86.9%
pancreatic cancer . Bladder 72.3% e—3»-e 77.3%
Kidney s50.1%e > 74.1%
Non-Hodgkin Lymphoma 46.5%e > 71%

Cervix Uteri 67.1% eo«f®69.1%
Mouth/throat 52.5% e———J»® 645%

Colon 49.8%e e 64.1% Increasing Survival zu -
Leukemia 34.2%e >e 60.6% for Pancreatic
Myeloma 24.6%e >e 49.6% Cancer Patients
Ovary 26% 46.5% Key Funding and Research Breakthroughs
% .H. 5%
Stomach 15.2%e e 30.6%
Brain 22.4%e——3»® 30.5%
Esophagus s%ce——  »® 18.8%
1999 2003 2005
Lung 12.2% e——3»e 18.1% :
Liver 3.4% e P 17.6% . ‘ ]
S i e ~13 % in 2024 CA Cancer J Clin. 2023 Jan;73(1):17-48.
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Based on data by Journal of the Mational Cancer Institute; Surveillance, Epidemiclogy and End Results Program.
The data visualization is available at OurWorldinData ora. There vou find research and more visualizations on this tobic. Licensed under CC-BY-SA bv the authors Hannah Ritchie and Max Roser.

Max Roser and Hannah Ritchie (2019) - "Cancer". Published online at OurWorldInData.org.


簡報者備註
簡報註解
PDAC accounts for over 90% of pancreatic cancer. Among all kinds of cancer, pancreatic cancer has the lowest five years survival rate.   Now, it’s about 10 %.  Most PDAC patients with metastasis only have the median survival time of about 3 to 6 months. Therefore, PDAC is the most lethal cancer.
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Survival proportions: Pancreatic Cancer Stage I-IV

Median Survival
Stage |I= 36 Months

100 Stage |I= 28 Months
Stage llI= 10 Months

Q) Stage IV=7 Months
()
o ChiSquare= 36
S p-Value:<0.0001
e
]
w
S
o
2 50
=
©
% R
& — Stage |

— Stage |l

— Stage Il

— Stage IV

0 T I I T r l——=—-|_.
0 10 20 30

Time (Months)

Uson Junior, P.L.S., Carvalho, L., Fernandes, M.L.C. et al. Neoadjuvant chemotherapy
or upfront surgery in localized pancreatic cancer: a contemporary analysis. Sci Rep 12,
13592 (2022). https://doi.org/10.1038/s41598-022-17743-6
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neoplastic gland tubules

normal gland fibrous connective- normal gland invasive,
tubules tissue capsule of tubules cancerous
(cross-section) benign tumor gland tubules

75 ]

ADENOMA (BENIGN) ADENOCARCINOMA (MALIGNANT)
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100%

90% . . —
— KRAS mutation staus for 142 pancreatic
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Gene Name

Biankin et al., Nature. 2012 Nov 15;491(7424):399-405.
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KRASE

PDAC Cells

Normal Cells

Homeostasis

GDP I GTP

Cancers (Basel). 2016 Apr; 8(4): 45.

GDP GTP

Front Oncol. 2019 Sep 24;9:965
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Receptor Tyrosine Kinases
ERBBs FGFRs PDGFRs

GPCRs Integrins

Farnesylation Palmitoylation Ubiquitination
ﬁ*fg © ®

bl L

GCP16 APT2

HDACE SHP2

SIRT2 /
acetyiation 9
]

Farnesyl-
{ransferase

Ras GEFs
s0s GTR
7 A
\ e

DF Ras GAPs

@ " Di-umqu%ngun

Mono-ubiquitination

@ BAD/BCL-X

Oncogenic Transcription Cell Survival Cell Growth & Metabolism

@ETS. FOS, JUN, MYC

/-'_1 )
©)
N’ 4

Cell Cydie Pragression

Metabolic Regulatn



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4846854/
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— Mormal 4 PanlMN-1A 4b— PanlMN-1B 4 }b—— PanlIiMN-2

Normal duct PanIN-1A PanliN-2

PaniIN-3 Adenocarcinoma
« Low cuboidal « Elongated cells « Nuclear abnormalities: » Budding into lumen = Invasive growth
cells « Mucin production e.g. enlargement, » Severe nuclear » Marked stromal
- Single cell layer PanIN-1B some loss of polarity, atypia reaction (desmoplasia)
- Papillary crowding » Mitosis, some
architecture abnormal

CDKNZ2A inactivation (95%) (gene deletion)

TP53 inactivation (75%) (mutations)
SMAD4 inactivation (55%) (promoter

methylation

Normal Invasion,

(Koorstra et al., 2008 Pancreatology; N Bardeesy , RA DePinho, 2002 Nat Rev Cancer),
Channing J. Der, 2014 Trends in Biochemical Sciences (review)
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簡報者備註
簡報註解
Although many studies suggested that mutation of the KRAS gene is required for both initiation and maintenance of PDAC, however, there is little or no study concerning why KRAS is mutated in pancreatic cells in so high frequency. 


KRAS®'2¢ inhibitors
e Sotorasib

» Adagrasib

e D-1553

¢ RG6330

o LY3537982

* B11823911

* JAB-21822

o INJ-74699157

« MKO1084

GTP

Slower

RERIEE

KRAS®'2¢ off inhibitor

SHP2 inhibitors
¢ RMC-4630

e TNO155

e GDC-1971

s JAB-3068

e JAB-3312

PDAC cell —\

GDP

Bind covalently to mutant
cysteine residue, locking
the mutant KRAS in
GDP-bound inactive state

cycling

Non-covalent GTP
inhibitor of -
KRASSE r X1133
MRTX1133 L MRTX1133
m GDP
Oncogenic J
signalling

(GoP) GTP

FHYRASESE IS ER S =D

Binds to catalytic domain of SOS1,
blocking interaction with inactive KRAS

—

(SOS) «—— 50S inhibitors

(ere2)

¢ BI1701963

Forms tricomplex with active

KRAS G12D inhibitor
KRAS G12C inhibitor

:
¥ GTP-bound RAS and cyclophilin A

GTP
GEF

RMC-6236

@clop@

GAP

KRAS 'on' inhibitors
e RMC-6236

Targets the mutant KRAS for

proteasome degradation

Ubiquitin >
ASP3082
E3 ligase

KRAS®'?® inhibitors

* ASP3082
< ¢ MRTX1133

~ (¢
Al

e [Exosomes

Exosome + siRNA

Proteasome

Uses exosomes
to deliver siRNA
targeting
mutant Kras

Nature Reviews Gastroenterology & Hepatology volume 21, pages7—-24 (2024)



簡報者備註
簡報註解
Therefore, many research groups tried to target KRAS. However, except KRAS G12C, other oncogenic KRAS mutations are still undruggable. 

https://www.nature.com/nrgastro

Q: Why the mutation frequency of
KRAS is preferentially high in PDAC?

Two specific aims

 What kinds of factors are involved in KRAS mutations ?

@ @

High Glucose Triggers Nucleotide Imbalance through O-GIcNAcylation of Key Enzymes and

Induces KRAS Mutation in Pancreatic Cells.
Hu et al. Cell Metabolism 2019; 29(6):1334-1349. Am J Cancer Res. 2022; 12:1556-1567. Cell
Death and Disease. 2022; 13:817 (review).

 How microenvironment affects/selects the oncogenic mutated KRAS to

drive pancreatic intraepithelial neoplasia (PanIN) and PDAC formation ?
* How microenvironment affects the pancreatic cells with oncogenic KRAS

mutation to drive PanIN formation?

Oncogenic KRAS, Mucin 4, and Activin A-mediated Fibroblast Activation Cooperate for
PanIN Initiation. Hu et al. Adv. Sci. 2023; 2301240:1-20.



簡報者備註
簡報註解
there are hundreds of oncogenes, but no one oncogene mutated in such high frequency in any given type of cancer except this case. 


Genes mutations

DNA
repair

4

Mutated Gene

Mutations arise from unrepaired DNA
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Unknown

Long-lasting
Dm

20%

Impaired fasting
glucose

21%

Advanced
pre-DM

13%

Overweight

High sugar / high fat diet
and obesity

Gastroenterology Volume . . .
156, Issue 7, May 2019, Distribution of glycemic status based on fasting blood

Pages 2024-2040 glucose levels in a population-based PDAC cohort (N = 219).
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Non-tumor part of pancreatic tissue VHZAX DNA damage and

and intestinal tissues from PDAC

patients with/without DM genomic instability marker

2. % Bk ~

Various tissues from mice fed with
chow diet or high sugar/ high fat diet
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> 5 & & (glucose)
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L: 1. Mount sample on slide.

i} 2. Incubate with primary Ab
against target antigen.

{ 3. Incubate with enzyme,
fluorochrome, or gold-linked
secondary Ab specific for Fc Unpermeabilized Digitonin Triton X-100
region of primary antibody.
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Green: yH2AX DNAdH
White arrow: YH2AX positive cell
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Mutated Gene

Mutations arise from unrepaired DNA
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Gender
60 I
Talwan people
40 n=1817
o g) §40_
20 S 0 Bl over 2 cups per day
£ £30-
N £ £ Bl one cup per day
Female Mal O
emaAe ale HC_) 5 20 B one Cup per 2t03 day
ge -
40- 5»_;40 B one cup per 4 to 5 day
C
30- 3 G 10- one cup per week
2 204 o 9
O &
10- w c Q-
0_
year-old S 8. I L‘O? 8 i
2EH Y b g

Source: China Marketing Information Service Inc. (CMISI), CMISI 2019 Survey of Brand Preference of Hand
Beverage . Frequency of drinking a hand shaker drink in Taiwan. Samples n=1817; survey time:
2019/7/24~2019/8/3


簡報者備註
簡報註解
We can take sugar directly from the drink.  People in Taiwan like hand shaker drinks. To examine the sugar effects in mice, we consider the possible sugar consumption from the hand shaker drinks by people every day. 
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2013~20167FREMMISEIERE
0 LA T DA
83.6% FA19-4455H95 IE_}EEA X&E
y . ANEsAL
DERR—M I —IB7 .8
Health Promotion Administration. Nutrition and Health Survey in Taiwan
(fErfEsEh)

Taipei: NAHSIT (2021). Available at: https://www.hpa.gov.tw/Pages/List.
aspx?nodeid=3998




H\l—

>
S
‘Il

Pancreas

DNA damage-yH2AX staining
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The mechanism of high sugar on inducing DNA damage in
the pancreatic tissue is similar to the high glucose effect in
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N-acetyl Glucosamine (& # # - #& ) , which is sold as a
healthy food and beverage additive
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Glucose
(S;‘,IGLI.ES PPP pathway
glucose NDP\ ~%
6PD NTP
RNR complex
Glucose-6-P disruptﬁ)ﬂ @
Low  Fructose-6-P M A
| High GFAT RRM1

ac'tlvrty .
Fructose-1,6-BP . O-GlcNAcylation

Aldolase *
PFK 4.17
O-GlcNAcylation Lf-Bf pgmélf CA

w dNTP
TCA cycle € Pyrulate [[ E H: k/Lo

Replication stress
KRAS mutations

dNDP
NDPY

Lactate
lycolysis pathway

Envircnmental selection tumorigenesis
High-glucose conditions in pancreatic cells

Hu et al. Cell Metab. 2019 Jun 4;29(6):1334-1349.

HBP pathway

High glucose —»UDP-GIcNAcI—»O GIcNAcyIatlonI RRM1
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N-acetyl-D-glucosamine
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Glucose-6P

|

Hexosamine
Extended Pathways

Fructose-6P —» Glucosamine-6P —» Glc''Ac-6P

T MPI GNE
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modified proteins

Akella, N. M., (2019). BMC biology, 17(1), 52

0O-GIcNAcylation
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DNA damage
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Genes mutation including oncogenic KRAS

DNA damage I—» pancreatic oncogenesis

tumorigenesis
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Prevention
Cancer = Why KRAS mutation is preferentially high in PDAC ?

initiation

l Selection

How does gene-microenvironment interaction affect/select the mutated
KRAS to drive PDAC formation?

| KRAS activation (90%])(point mutation) I
(Koorstra et al., 2008 Pancreatology;

. . . . N Bard , RA DePinho, 2002 Nat
CDKNZ2A inactivation (95%) (gene deletion) cracesy, RADernne !
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Biochemical Sciences (review)
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(promoter methylation) SMAD4 inactivation (55%)
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2- and 4- week-old Pdx1-Cre;LSL-KRas%12P/+ mice (KC)
2- and 4- week old Pdx1-Cre;LSL-Kras*/* mice (control)

Method: Whole pancreas 3D histology

Material:

cleared sample
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N Perfusion needle \
Remove Organ / Tissue ST : Whole pancreas 3D imaging: ~26 x 16 mm x 1100 um
‘ Liver indicates the status of blood removing Z-stack: 5 um

Average Time: 26 hrs by ZIESS LSM800

Blood Vessel: WGA488 perfusion labeling
Nucleus: Cyto-X-Orange staining

Duct lesions: Cytokeratin 19 (CK19) staining

Activated fibroblast: aSMA staining

Antibody staining

) 4

Optical cleaning
RapiClear® 1.52



簡報者備註
簡報註解
To elucidate the mechanism of PanIN initiation, we used  2 and 4 week old KrasG12D mutant, KC, mice and control mice to perform whole pancreas 3D histology to map the early PanIN formation.
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簡報者備註
簡報註解
In the 2-week old KC mice, the PanIN number is 0 to 8 and the median of the PanIN number is 2. The most important is that 5 KC mice in the two-week old have no PanIN formation, suggesting that the model can detect the earliest PanIN formation.
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The earliest PanIN in the 2-week-old KC mouse (M1376)
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Gene |Gene ID [Chromo Region Type | Refer |Allele| Type Amino acid change Number of | Percentage of
Name some ence Samples | Samples (Lesion)
(Only
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Muc4 140474 |chr16  |32752343 SNV il G Exon |- i 33.33%
Muc4 140474 |chr16  |32752384 SNV Cc G Exon [NP_536705.3:p.Ala754Gly 7 33.33%
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: D
(@) » 3
= duct 4-week-_o1l<1j Lo Survival analysis of PDAC patients  Survival analysis of PDAC patients
3 20- Maes 1.0 1.0k
. acinar S * 09 ™ Cut off: 0.47 FPKM 09 i Cut off: 0.19 FPKM
g C oz *% >4 o P=0.0067 it [l P=0.063
ie) S 154 k% = 0.8 \ > 0.8 4
€ -';A"f‘duct o g 07 L n=36 ) = 07 n=58 )
% . 2 404 S 06 HMUC4 low expression § 0.6 RPB1 low expression
3 o 2 505 ‘ S 05
g g -acinar B B . : g 04 %_ 04
< : v - & g 0.3 g 0.3
* *PaniN 0- @ 0.2 0.2
: 38 3 2 2 0.0 MUC4 high expression " |SIRPB1 high expression
acinar - - = =) 0 1 2 3 4 5 6 7 0'001234567
mice control KC Time (years) Time (years)

Ki67 statining




EiERIREUEKrasC 2PEEFIMUCAE E o] LA BES) Rk A0 s

E _ F G H 4-week-old mice
4-week-old mice n=11
control KC 4-week-old KC mice 4-week-old KC mice 309 kEkx*
: . lesion n= 32 from 14 mice lesion n= 26 from 11 mice ©® RREx
o acinar acinar : 100- 100+ 93.9 5
3 ' 21 ' 3 20-
[l i
s PaniN » — 807 ~ 807 T
ohas s £ 60 2 60- S
< normal duct rormal duct - s S ;10—
acinar acinar LR 3 40+ 2 407 =
o ~ 20- ~ 204 0- J
3 PanN 8 6.1 o o o
§ . ' 0- 0- a q g,
1 x . Alcian Blue + - Muc4 + - 5
normal duct normal duct P il .
mice control KC
l _ J K Primary acinar cells from L Primary acinar cells from
Sorting cells from the pancreas Sorting cells from the pancreas 4-week-old mice 4-week-old mice
of 4-week-old KC mice of 4-week-old KC mice N=2, n=24 N=2 n=24
N=2; n=18 N=2; n=22 6  dkkk 204
5_ 5_ - o % % ke L E *kk*k
— @ : o Fekkk
5 _Fkkk . e! S5154 :
2 8 E4- g, _ g3
[= - £ % kkkk 2 sA | s
3 34 s\ 34 . o | = - Z <10
=Z _ = >0
] )] O ol L. - Pt cC o
2] 5221 T £21 SE 5.
Q_ — w semsee —p O - —
o144 - QT 14 - z I I
ol e, | ° I GFP- ~cr, GFP ° I% G%D GFP
EpCAM I EpCAM  + + Lentiviral GFP puca GFP IVIUC4 Lentiviral GFP \jUca GFP MUC4

Muc4 - + Muc4 - + mice control KC mice control KC



HERERAYAERIRAIE 2 R E R HE PanIN BYAZRL?

Pancreatic tumor microenvironment (TME)
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簡報者備註
簡報註解
Based on the above results, we can know that the early PanIN formation is not associated with the macro-environment in the pancreas. Next, we want to address whether microenvironmental cells in the pancreas are involved in promoting the early PanIN formation ? It was noted that PDAC microenvironment is composed of fibroblasts and immune cells.  Among the stromal cells, Cancer-associated fibroblasts (CAFs) are the most abundant stromal cells (up to 80% of the tumor mass in pancreatic tumors) contributing to a desmoplastic stroma in PDAC.  According to the CAF function and the distance between tumor and stroma cell, now, CAF can be divides into three groups. The myofibroblast is known to closely associate with PDAC tumor cells and has the function to promote tumor growth. . 
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簡報者備註
簡報註解
Next, we want to  address What is the biological role of fibroblasts in close association with PanIN cells?
Whether fibroblast can promote PanIN formation? 
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KrasC12D/+ pancreatic acinar cells coculture with Primary pancreatic acinar cells
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X: Pancreatic cells only (1000 cells)
F: coculture with pancreatic fibroblast (2000 cells) from Kras*/* mice
I: coculture with islet cells (2000 cells) from Kras*/* mice

In the pancreas, acinar cells make up about 85% of volume and ducts are 5%.
Acinar-to-Ductal Metaplasia (ADM) is considered to be one of the main sources of PanlIN.

Only duct/duct-like cells (ADM, PanIN) can form cyst.


簡報者備註
簡報註解
In the pancreas, acinar cells make up about 85% of volume and ducts are 5%. 
Acinar-to-Ductal Metaplasia (ADM) is considered to be one of the main sources of PanIN.
Only ductal or ductal like cells can form cyst in the 3D Matrigel condition. To examine the fibroblast effects, we first isolate primary acinar cells from control and KC mice and isolate pancreatic fibcroblast and islet cells from control mice to perform co-lecture and cyst formation assay. In the figure, we can see Co-culture with fibroblast promotes KrasG12D pancreatic acinar cells to form ductal-like cells in a 3D Matrigel culture 
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簡報者備註
簡報註解
PanIN cells are ductal like cells but they have cell transformation ability. In the 3D Matrigel condition, the normal ducal cells can form the 3D acini structure with lumen but PanIN cell cannot form the lumen structure. EpCAM is the epithelial marker, PDGFRalpha is a general fibroblast marker. To examine whether PanIN is indeed closely associated with fibroblast, we used these two antibodies to isolate the ductal and PanIN cells to perform 3D acin formation analysis.  In the figure, we can see EpCAM+ / PDGFR⍺+ cell clusters from 4-week-old KC mice have more abnormal 3D acini formation, suggesting that PanIN cells in KC mice are indeed closely associated fibroblast.  
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3D histology
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