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Small-molecule compounds

8-Br-cAMP: days 8-14 and/or Forskolin
IBMX: days 14-26

Forskolin

PD98059, 5-aza-2'-deoxycytidine and A-83-01: days 14-26 .

Adenylate cyclase

_| Differentiation protocol 8-Br-cAMP IBM X
SmaII molecule | _—
I \ Inh|b|t|on
compounds

e 'Increase of intracellular

. |  ActivinA FGE2 ' “ _ cAMP concentration ”_ Phosphodiesterase
' ¥

Human iPS cells Endoderm Intestinal Enterocytes cAMP signaling would increase
: stem cells the expression of CDX2 and GATAG.
(Windy)
Day O Day 3 Day 7 Day 26

Activation of cAMP signaling is useful for

Small-molecule compounds
MEKi (MEK inhibitor): PD98059 (20 uM)
DMTi (DNA methyltransferase inhibitor): 5-aza-2'-deoxycytidine (5 uM)
TGFi (TGF-B inhibitor): A-83-01 (0.5 uM)
8-Br-cAMP (cAMP analog): 8-bromo-Cyclic AMP (1 mM)

Forskolin (30 pM)

IBMX (phosphodiesterase inhibitor): 3-isobutyl-1-methylxanthine (0.5 mM)

intestinal differentiation of iPS cells!!!
cAMP3Y 1Y) DiETEE
1. cAMPDE A (8-Br-cAMPO7MN) : day 8-14
2. CAMPOf#INE) (Phosphodiesterase®BPEZE) : day 14-26
3. cAMPOERL{REE (Adenylate cyclase®Di&ET4#{t)

Japanese patent application No. 2015-502917; PCT/JP2017/8616; Japanese patent application No. 2018-021545 11
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Relationship between apparent permeability coefficients (P
availability (F, or F,F;) for 21 drugs.

app) @Nd Intestinal

(A) hiPSC-SIECs (B) Caco-2 cells
21

100 - oo, 100+

| 5 4 |

80 80

L2 60 L2 60-
@© ©

LL L _

S 40 - S 40
u’ . Ty

20 - 20+

O LI | T 1T TTTTTy T 1T TTTrTTy T LI L R ] O ! LN L | T LN L | T 1T T TTTTT T T TrTrrrT
0.1 1 10 100 0.1 1 10 100
Papp (10°¢ cm/s) Papp (10°¢ cm/s)

Compounds used were as follows: 1, Piroxicam; 2, Carbamazepine; 3, Verapamil; 4, Warfarin; 5, Antipyrine; 6, Cephalexin; 7, Metoprolol; 8, Propranolol; 9,
Acebutolol; 10, Ribavirin; 11, Metformin; 12, Hydrochlorothiazide; 13, Terbutaline; 14, Cimetidine; 15, Enalapril; 16, Ranitidine; 17, Atenolol; 18, Sulpiride; 19,
Pravastatin; 20, Methotrexate; and 21, Raloxifene.

MiPSC-SIECs: =+I1JL/s F-hiSIEC Cﬁcc?-ZfﬁH]H’?,tt‘!:$§bhiPSC-SI“E_CS(CBL\'C%MBFaﬁb“%iﬂ&)Bﬂt:Zc‘:b‘B\
EEAOTAMEN TSI ENRIEENTE.,

Kitaguchi T. et al., Drug Metab. Dispos., 50(1): 17-23, 2022,
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(A) Papp of food-derived compounds in human iPS  (B) The amounts of unchanged compounds and metabolites after the
cell-derived small intestinal epithelial cells (hiPSC- membrane permeability assays in human iPS cell-derived small

SIECs) and Caco-2 cells. intestinal epithelial cells (hiPSC-SIECs) and Caco-2 cells.
Pooo (106 cm/s) Compounds ' Amounts (pmol/1.5 h)
Compound _ hiPSC-SIECs Caco-2 cells
— hiPSC-SIECS Caco-2 cells Raloxifene Unchanged (Basal) 2.6 38.2+5.2
g:;?:t(:ir:‘ ;s 22;3 ::r_ 13 Glucuronide (Apical) 27.0 7.3+0.5
Quercetin 0.46 949 + 064 Glucuronide (Basal) 68.6 7.5+ 04
Curcumin 007 350 + 081 Daidzein Unchanged (Basal) 49 504 + 31.4
Epicatechin 0.13 012 + 0.08 Glucuronide (Apical) 238 8.3+ 0.64
Epigallocatechin 0.34 029 + 0.06 Glucuronide (Basal) 202 2.8 +0.07
Epigallocatechin 016 012 + 003 Genistein Unchang(.ed (Bas.al) 167 450 * 14.0
gallate Glucuronide (Apical) 221 23.7+1.3
Caffeic acid 1.03 0.18 + 0.05 Glucuronide (Basal) 158 3.5+0.24
Gallic acid 0.41 0.24 + 0.05 Bisphenol A Unchanged (Basal) 111 325 + 48
Bisphenol A 4.3 29.7 = 22 Glucuronide (Apical) 65.1 16.4 + 2.0
Bisphenol S 5.9 234 + 07 Glucuronide (Basal) 879 26.4 +3.5
MelQx 1.36 759 ¢ 0415 Sulfate (Apical) 77.0 53.7+2.5
Acrylamide 233 323 * 08 Sulfate (Basal) 21.7 10.2+1.1
Fenitrothion 34.0 254 + 13
Picloram 3.88 298 t+ 0.15 || Caco-2ffe(cHT D EEMDEIERE HhiPSC-SIECSEEEEL T
hiPSC-SIECs: E+J1JL/s F-hiSIEC RO\D(E, FBEREMENDRONCEITERE T D ENRIEENT,

Kitaguchi T. et al., Drug Metab. Dispos., 50(1): 17-23, 2022. 14



Relative expression levels of genes encoding UGT
Isoforms of hiPSC-SIECs and Caco-2 cells.

hiPSC-SIECs
= Caco-2 cells
100000 - = hPECs
100004 = !
1000 - - 10.027-fold

0.0017-fold

100 - !
T ] !
10 -
"| A
0.1
1A1 1A6

1A8 1A9 | 1A10 2B7  2B15

UGT isoforms

Relative mRNA expression (fold

- small intestine-specific UGT isoforms UGT : UDP-glucuronosyltransferase

hiPSC-SIECs: ELJ14JVA F-hiSIEC

Caco-2ffiR2 (3 ¥4t MG _E R A2 hiPSC-SIECsE EEER U T
B 2N RUGT D FIEOFRIINIEE (RS, RKEIZZ TRV
BMNTOEBENZ TR ENRIZENTZ,

Kitaguchi T. et al., Drug Metab. Dispos., 50(1): 17-23, 2022,

Caco-2#Hlia

UGT, SULTOEMEMEL. (KHEiZ=(19
(CRZEARELTEBE (IRUX) K
BMIDiEBFZRE (Papp) : X

hiPSC-SIECs

UGT, SULTICEDREHZ=Z (T RZE{LAR
OiFEE (IRIX) DR
BMIOERFRE (Papp) : /0

Caco-2 cells hiPSC-SIECs

O o

Apical
QUGT UGT
o e Basal

O : Compounds
{ Glc : Glucuronidated metabolites
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[Enzymes Substrates Conc. (UM) Metabolites
CYP1A Phenacetin 50 Acetaminophen
CYP2C9 Diclofenac 5 4'-Hydroxy diclofenac

CYP2C19| 5- Mephenytoin 50 4'-Hydroxy S- mephenytoin
CYP2D6 Bufuralol 10 1'-Hydroxy bufuralol
CYP3A Midazolam 5 1'-Hydroxy midazolam

\_

Cocktail-substrate in HBSS

4/

®

low rate: 678 pL/hr

@

Perfusion

Small intestine

A) Small intestine (portal vein blood)

@

nM

7000 -
6000 -
5000 -
4000 1
3000 -
2000 -

Substrate conc.(Exp. 1)
—8—Phe
—o—DIC
-o-MEP
-—-BUF
-8—-MDZ

0 30 60 90

min

120 150 180

Metabolite conc. (Exp. 1)
—e-APAP
-—4-OH DIC
——4-OH MEP
-8—1-OH BUF
-e—-1-OH MDZ

= el

0 30 60 90 120 150 180

min

=

o

7000 -
6000 -+
5000
4000 -+
3000 -+
2000 -+
1000 A

0 -

100 +

80

nM

40

Substrate conc.(Exp. 2)
—-8—Phe
-e-DIC
-o-MEP
-—-BUF
-o—-MDZzZ

—————
0] 30 60 90 120 150 180
min
Metabolite conc. (Exp. 2)

—e-APAP
—e—4-CH DIC
——4-OH MEP
—e—1-OH BUF
—e—1-OH MDZ

B) Small intestine = Liver (hepatic vein blood)

©)

CALANF v —A 2 —F
(ZUHRT)

TEERAIEX A I > 7

AN Fr—AY—}
(2 VHRT)

50 min ; 180 min

Cell Culture medium
150 pL

TEERIE
EEHEASHE R (24 well )

HBSS 150 pL

t FoA Rz Y B ' AT A
TEERIE

Assayg](7 /31 R L)

HBSS 300 L

150 L EH =HEHBSS

(EH R b v 7@ % 500075 1R)
150 pL Enalapril& S HBSS
( Enalapril 2 + v 7 iz % 25{5 7 5R)

HET R

HBSS 300 pL

1

TEERfE
Assayt&(7 /34 & L)

nM

nM

3500 1

2800

2100

1400 -

700 A

O |

100 -

80 A

60 H

40

20 1

Substrate conc.(Exp. 1)
| —@—Phe
-e—-DIC
| —e—MEP
-—-BUF %
—eo—e —o—=0—8
0 30 60 90 120 150 18Wn
Metabolite conc. (Exp. 1)
—e—-APAP
—8—-4-OH
DIC %
Lo
o] 30 60 90 120 150 18@hin

3500
3000 A
2500 A
2000 A
1500 A
1000 H
500 +

o 4

100 H

80 A

o] 30 60 90

0 30 60 90 120 150 180
min
Substrate conc.(Exp. 2)

—8—Phe
—-e—-DIC
-o—-MEP
-e—-BUF

0 30 60 90 120 150 18vin

Metabolite conc. (Exp. 2)
—e—APAP
-8—-4-OH DIC
—8—4-OH MEP
-8—1-OH BUF

120 150 180 Min
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Gut-on-a-Chip

. Gut ] ‘membrane,’
chamber .epithelium /' wa: <O :
b L2 & ’ c,‘ ‘-

-

Vacuum
controller

Vacuum e, 2 acuum
chamber chamber

bilayer

. Mechanical strain |

» Bein A et al, Cell Mol Gastroenterol
A’m,g;.m, Hepatol. 5: 659-668, 2018.

e e et

Wyss Institute for Biologically
Inspired Engineering at
Harvard University

Kim HJ and Ingber DE

HREKEEZEAIIEE

> HEIDETEMROGEVVEREZES TSN ?
> HEED)(IRENMES) 2R ML TLDDH ?

> BAFREOIANTA-—NA(E ?

» Kim HJ et al, Lab Chip. 12: 2165-2174, 2012.
» Caplin ID et al, Adv. Healthcare Mater. 4: 1426-1450, 2015.

%HH@(CI%?ZDEEFS ;

B FRIREIVIN\IEFER (H4EE) OLFE=RE—EUA
> Nt RIELT> 235k (goblet cell) i
» Caco- Z%H]HEODMUCZ%EE(iyé u.b\&)bﬂﬁb\ Colon crypt Small intestine crypt-villus

> Caco- 2 T bUIeT ) \1 AN IEE SRR A RIEE ? » Medema JP, Vermeulen L,
Nature, 474:318-326, 2011.
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