Development of humanized nonalcoholic steatohepatitis model
using chimeric mice with highly repopulated humanized livers

/A PhoenixBio

Pocter . o
Sessmnl]nlme

Chise Tateno'?, Go Sugahara?, Keishi Kisoh?, Yuji Ishida!2, Yasumi Yoshizane?!, Suzue Furukawa! and Michinori Kohara3
European Association

for the Study of the Liver 1R&D Department, PhoenixBio Co., Ltd., 2Research Center for Hepatology and Gastroenterology, Hiroshima University, 3Department of o) MMEEA
lys RIEPEF RO RPN

Tokyo Metropolitan Institute of Medical Science

Microbiology and Cell Biology, Tokyo Metropolitan Institute of Medical Science

Introduction Materials & Methods and Results

. . . . . Body Weight : i : : Plasma total ALT BD1 Human specific ALT1 (ELISA)
Nonalcoholic fatty liver disease (NAFLD) is the leading cause of E . | desi BD195 y el BD195 Blood h-Albumin Liver to body weightratio =~ BD195 ==
conolET ATk Xperimental design 0 BD195 o oo o s Control :
chronic liver disease. Although a significant number of new drugs 00 g . E 4000 1 = 400 2 5
1 30 1 % 15.0 ® g 300 3 4= = L
for NASH are already in the development pipeline, there are no * PXB-mice (expected RI by hAlb levels >90%), male, 13-18-week-old - L1 1l T - . — 2 015 = w0 300 < X
_ ' o 100 - g > & 2300 Q 1]
imal dels of h h- : he offi g . .. . 2 22 g 01 o <20 @ —o— = E S
animal models of human (h-) NASH to estimate the efficacy an * Donor cells (BD195: 2-year-old Hispanic girl, JF€: 1-year-old, Caucasian boy) Z = - 2 005 =Y E 100 @ w &
10.0 - = I : T Q =
. . . A i —e—Control  —m-NASH ‘ 1 o = 1000 LN b =
. o . . . . . ——=Cntrol =m- 1 ! 2 0 ——Cntrol @~ ©
safety of potential new drugs. We have been producing humanized * NASH group: Choline-deficient, L-amino acid-defined, high-fat diet (CDAHFD) 0 Gl mNASH S Control (12w)  NASH(12w) £ s pOcma £ 0 L= ComolSNASH 5 I N T T T
chimeric mice (PXB-mice) with livers highly repopulated with h- (Research Diets, Inc) B T Weets Weels = nask B N I - 3 T}
ee ce (a1 T
_ _ o - 0.3 500.0 - 500 NASH é
hepatocytes (h-heps). These mouse (m-) models are used to study - Control group: CRF-1 (CHARLES RIVER LABORATORIES JAPAN, INC.) zzz | . g . W . $ 0z T a0 . - ﬁi
drug metabolism, pharmacokinetics, toxicity of new drugs, and o o] £ : | £ o2 S oo | o 40 ~o-Total )
* Treatment period : 12 or 14 weeks | E  10a 143 g 2 00 | 5 300 —=—Human
. . o, e . o, . — L~ - 015 > -l
efficacy of anti-hepatitis B and anti-hepatitis C therapeutic agents. g 2 S e eaeu Nl : : =2 100 ¢— T g " 5 200 - < o
= 150 - o2 1L o 0.1 H 2000 { © us
: <= L ' £
In the present study, to develop the h-NASH model, we tried a ool @ 0 2 4 6 8 10 12 14 wks 100 | 2 | ESme—— £ oos R 2 100 i/ i—
. « . . . . . . ] ° ; K] —o—Contol —@—NASH
choline-deficient, L-amino acid-defined, high-fat diet (CDAHFD) (CRF-1) & | | | | Il | Il N Temconl e I I Control(14W)  NASH (14W) D comral  Nask TS D S T o
00 A ey ' ' ' ' ' ' ' '
(A06071302; Research Diets, Inc.) in PXB-mice. T sk 14 Weeks S D7 Weeks *UfLvalues are estimated from ng/mi values
! ! NASH @ ' o ek . o o * murine ALT= Total ALT - hALT
(CDAHFD) ~ * » Mean body weight was lower in CDAHFD group than that in the control group, maintaining about 80% of the initial level. > Increase in ALT activity and hALT1 level were observed in m-plasma at 2 and 4 weeks, which were
1 : collect blood 1; sacrifice » Both liver weight to body weight and hAlb levels in m-blood in the CDAHFD group were lower compared to those in the control group at 8 and 12 (or 14) weeks. recovered to normal in the CDAHFD group. -
Stable mass production of chimeric mice with S
human hepatocytes (PXB-mice® i ' ' : 2
P ytes ) BD195 BD195 Sirius Red BD195 Silver stain BD195 Human Gene Expression (Human hepatocytes) S
e - SR Control NASH Control NASH hTGFf1 hCCL2(MCP1) hCXCL2 =
/ i ﬁ\rﬁfé‘\: A m% w- ;tw‘ - . 12wks 8 wks | 12wks o8 * w30 ok % ) Under detection limit @
e s @@ ?x R i BTSRRI A R S S T 55 R i _ ol ﬁL { A 8 © | § 2 5> hCOL1A2 3
o | LRl Bo P R 2 X Y I T el i e e S e R TS U W 5! s < ? hCOL3A1 N
Cryopreserved or s 3 ’ . e (AN ﬂ' “ ..'. P 5 s ‘ i 4 ; ." : D oy S o S Y \,: ' iy °E‘ Control NASH Control NASH % ’ Control NASH Coln-t1r0| NASH QE: Control NASH  Control NASH hCXCL1 \c—>
d : 0 S B\ e, s ke 4 - Ry 4 - ES A ! x : : . : :){:-- Vi 'S 8w 12w aw 12w 8w 12w P
L c¢DNA-uPA*/SCID Mouse ' b L N gl 3 a7 % | - | ‘ N S f}\" g ol i 2
® @ 78 7a Mot s % Ja Pt AT e, Mouse Gene Expression (mouse non-parenchymal cells+ mouse hepatocytes)
© > .@ —— .@ e . ¥ | SR LK mTnfa mTgfB1 mCxcl1 mCxcl2 mCcl2
. et P e @@ ¢ @ 10 5 o 40 10 * 15
1-10x10° cells Liver disease/lmmunodeficiency e S _ 21 28, g @ 24 %ao 2 g 2
Chimeric mouse R i 55 . i g ° 5 3 : 5 6 5 10
* albumin enhancer/promoter-urokinase-type plaminogen activator cDONA-transgenic 5" > - -4 ‘ 2 5 2 ‘ i 5 2 520 s 4 W 5 5
g g LR R N R R R B oo
i "' M QE: Control NASH Control NASH E 0 5 0 ~ ~ E 0 M lll 5 0 '—1 ':_'
o The Iiver iS replaced With h"‘hepatocytes by >70% v {" - B = (n‘ | . - c Contr:l Contr;)zl c Contrc;l NASH Contr;)l2 NASH c Contrc;l NASH Contrc1>l2 NASH & Contrc;l NASH Contrjl2 NASH
« Human type metabolic ability IR e g BT SRS
» Susceptible to HBV and HCV infection oL LR €680 ® NI, TR ) mCol1Al mCol1A2 mCol3A1 mActa2( a SMA)
. / \ @ y /‘,\ 5:(?"‘: g "\ B ;} 9 o 10 * * o 8 * * . 8 * * . 5 *
b s e 7/,_’;‘?\,:’_‘ ,-\-"‘ b %% e ” :\/{_\ 5 § é 8 g 6 g 6 g 4
Animal model useful for the development of 2 ST e a0 PRCRe 5 " s | g P g, F T 2, F N [1: control
ici & PR S 4 R T > s' s S 2 22 s M : NAsH
new medicinal compounds/agents U oo s XU o o S - : 2 _ - - SR - RN i
‘/\If/ '_:";h"‘ '\lﬁ: L8 D V\:\(.) & : y * ‘ E ’ Control NASH Control NASH E ’ Control NASH Control NASH E ’ Control Control E ’ Control NASH Control NASH
RO ROV SNl L AL Yol .r!,.h_': L s Ree] A D§ - i S ‘_\"’3““'--" R N, a3 » CDAHFD group compared with the control group at 12 weeks. qPCR revealed higher levels of
”“’T‘a" albumin (hAlb) h-Alb level 1"dh."ep'?°°"fe"t index (RI) > Ballooning of h-heps and Mallory body-like structures in h-heps were observed only in the » Perisinusoidal/pericellular fibrosis were observed with Sirius red staining and silver staining with increase in Sirius red-positive areas in the CDAHFD group compared h-TGFbetal, h-CCL2, m-Tgfbetal, m-Cxcl2, m-Collal, m-Col1la2, m-Col3al, and m-Acta2
oT chimeric mice i . .
inmouse blood CDAHFD group at 12 weeks. with the control group at 12 weeks. mRNA expressions in the CDAHFD group than the control group.

Human areas (hCK8/18 positive)

? 1.E408 R0 Mouse areas + Human areas
2 [ - D195 aSMA F4/80 Gr-1 TUNEL Ki-67 Morphometric analyses of positive cells or areas M2BPGi levels in sera .
g ALEOT | 80 ° %" . . ’ ol V5 o . SO N A 4, Al - ' prnia ; T e TN .
£ o S o IR e . I s T TR N 0 O R I LR ~ o o ' 2 hs . Sirius Red F4/80 TUNEL Conclusion
g 1.6406 | =50 ,.";. A ol B .'. . :. .Yy .:"- ; 8 . i . : . -',- . .. . ( . ‘ ol : ) - ' : ; . . : : - : X - *% (Monocytes)
Z 40 il AN L o) LT TR Do e T L B T A S S AR S R S ' v | e : iy = 10 * xx =8 = BD195
£ 10 | ' N R A R T © £ 7 24 .
- Sero siwe rew zew zew Control j8% Wil ZAH T N B\ ;e 3500 000 We successfully developed humanized
5 . . 02230 h-Alb level in mouse blood (ng/mL) (12 wks) > .. . ':..'. 1 | A . ' " ;52 § g .gz ° 800 . l l I
3 pge (week Rr I e e S eor A Rl HiE B Bk B g 20 s 700 L = NASH model using h-hep chimeric mice
PXB-mouse :g'“fdbg;téf,""'"g ‘ 3 3 S AT = v & , ', P L3V oot 1 Eet o x SN KR . ' .. : ' . ' N . . Control NASH |Control NASH ’ Control NASH [Control NASH " |control NasH control NasH 8 —_ 2500 § — 600 ¥ . .
e e Rl - | A PR A w o | £ 2000 Z 500 I with CDAHFD diet.
e e Ry >33 v ] ’ . i Vi e eV L A ’ | N 30 RSt e B 3 : ' . R : ol ] - (O] O D 400
_MGH p;"‘:"é‘.;i Ove, eumunait W ORT TP Tt S0 SEh e S el < AN A W S Dl S ety SRS P ; \ ; MA (Neutrophils) e 5 = :233 ] g = 300 g
= | ; "7{{,‘,“:}!&.0, A A Yl | .o ‘ _ g Lk Ee, S0 ._‘"t"‘ < & : Rl : : b ' : ; . 5 . - : o y | R 3 N . 14 * B 25 * ﬁ o~ o g 200 = — 9
1 mm 18-week-old "/ 4...*10{*&!: e, AN, o S R e A S S B ey 4y ol AR RN T {37 Rt % E = i S T = 500 x 100 References S
8.7 mg/ml (RI-79.4%) | PG NASH - VM (T RS PR TR T R ke g RO AR, A TR . SR, AR A O | | o R D5 TS e B S ) 2 19 = == o
GHR ‘;':j" ; (12 wks) RERZRBLEIRZ LTS LTIt St S s G M S R R At AR £ A G N SRR R : : ] : ° \ ’ » =
‘ LR AR SR D ol & W S Gl T Nl e Tl S RS A B AN N BT O R A ik PRk o8 st [ ek £y | 2 £ ¢ 2 10 <O e c
‘r’ > . l:l % ;'_-" Y _ ‘.' ..‘.. .‘ ' - > :. 3 : A -' it - o X - Iy A - :.’".. e .. e - " -u : '_ - ’ ; i . . } . ' § ' ‘—|8- 3 l% o(\\' '%® ® o(\ '%® 4\’&® ° . . CU
% Fatty liver oL T s et et SRt AT R OB A G E e NI RIS e (X B N T s e g O I Y B _ SRR Pf,w‘” MR o 1) Tateno C et. al. (2015) Generation of Novel Chimeric =
..~ hGH-treatment : a3y T e S B X e S e - el L SN e Lo TRl "\ i S " 4 4'.. ' - 2 o 0 0 . . . . . .
hCK8/18 immnostaining et e, kSO s ansan s IS ST RO SO BT L ey 5l I o R » . Forrl st Fomvel st C°“”jw”’*s“‘c°””j;j’““ C°””°8'W“’*S”‘C°””‘l"2§’*s” Mice with Humanized Livers by Using Hemizygous '(Co_)
* P<0.05,* * P<0.01 1 . e
' . : N cDNA-uPA/SCID Mice. PLoS One 10:e0142145. ©
PXB-mouse liver is a fatty liver because of human growth hormone deficiency, > Increase in a-smooth muscle actin-positive stellate cell area, tunnel-positive h-heps, Ki-67 positive h-heps, Gr-1 positive neutrophils, and F4/80-positive macrophages was noted in the CDAHFD group compared with those > A mark.er of fibrosis, M2BPGi were higher in m-plasma at 8 and12 / = 2
but no inflammation or fibrosis are observed in the PXB-mouse liver. in the control group at 8 and/or 12 weeks. weeks in the CDAHFD group than in control group. D -%
. o K
o
: : Disclosure S 3
Wild/SCID/PXB mouse comparison g £
NAFLD/NASH Diet Synthesis of phosphatidyl choline (PtC) 9 . o 3 . = O
O astcena ol : mTefB k mCcl2 | mTNFa . mCol1al ; mCol1a2 - mCol3al Chise Tateno, Go Sugahara, Keishi Kisoh, Yuji Ishida,
* Methionine/choline deficient diet VIDL < 350 - P total ALT $ i . s oy . w . . —
(MCD) MITP P SCID asma tota i Yasumi Yoshizane, and Suzue Furukawa are employees =
—e—WILD —e—SCID —e@—PXB 25 X it i2® 5t 8% 3 ————
20 | | 900 2 % L Iy N <2, ‘D |
S M = || Pt e . of PhoenixBio, Co., Itd. =
CDAA) Q@\ 1 %‘TGJ‘ g 150 - o 0.14 288 Egz 34 %-2 égm i Ev s I %i:: i __—
R o ® 012 g ! T P! 1 ' 5 : '_ ) =
* Choline-deficient, L-amino acid- & = Catel 2 s 1 - ﬂ : ' : L . : i, , Lo I T L= : : L —
defined, high-fat die (CDAHFD) Met — s-ade-Met( < | gy.ciom I : o " “ : < N DO B g PP e : ——
erineaq, nign- at die o 0.0 : . 2 L 4 : : - . ; 8312; 100 \xi:‘ : ‘\?s?‘ "000&“‘& Q*:’&* P&\)‘ \\4;«6»6‘\ 301)&96‘)‘ Q*i%"$%‘(\ \ﬂ:&‘x 6?3?‘ cJ(,,\OQ’R\PG,V\ Q*:g," $v,$‘<\ *:S‘X@Ps(\ sc'\:oxsvs\)\ Q\::’&*QP& “S;«V\V‘s ‘):ooxsvs ?‘:*%,‘s?‘s “is‘*@?f’ S:\C\O&VS Qti%)‘sg’ C O n t a Ct I n f O r m a t I O n —_—
* High fat, High cholesterol diet y . e a 0 ; , . A ARE e d o+ &« 0 n < * & * * ¥ ’ —
Qﬁ’ v ‘E EIContr:I Weeks 2 | | | N | Weeks . . _ o a1 —_—
Sudoh etal Folia Pharmacol, - e Steatosis, ALT elevation => Wild=SCID>PXB _ _ Chise Tateno, chise.mukaidani@phoenixbio.co.jp. =——
Jpn.144, 69~74, 2014 Lhile Fibrosis, Inflammatory cell infiltration, Hepatocyte degeneration => Wild>SCID>PXB

ILC2019



