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IT HFFEBAFE DB

LHRE S N7-7 » FHSKE CLIP (chemically induced liver progenitor) fifaiL, EHIiZ7- v HEFHRE
TR ~D LR 2 RFF T2 Z N TE 72, F%EORENIEZAT HE b CLIP M 8 32 C & ALl
BARIE F 72 in vitro SBR O 7= O OFIRMFRTR E L CTEHT 2 2 e Tca b &SN, L, At
[FRFZESEENC 1T HF5E D, ~ 7 AB KO MFMIE 6 S S /o853 515 THIZ L7 CLiP i
I, BN NIIETERE S ERE A IR T E D05, E ORI & & bliZkbih s Z EnbhroTz, BIR
AIZIE~ T A CLiP Ml TIFHEARE X PR 7oL D kAR & & b izorfkrens kbiviz, & & CLiP MiladE .,
Jie e e F >k CLAP i CIXHEFERE I TMERF © & 2 3 bRE TR IZ R biv, ATk CLiP #ifdix
HRERE, M bRE & bICRHIZ Kb, £ 2T, A8 TIL, b & CLiP fifie Z Il e i % & 72 in vitro
RO T O OFMa AR & oI A Bie L, %6, /2biell 59 585 1% CRISPR-Cas ¥ A7
D DT R R S FERRIC LV RE L o b HERE 2 MEFF T & 2 & - CLiP Ml oz z B & L7z,

WFFEBAFEIRRIFIZ, ~ 7 A CLIP Mla D E 0 I BT 2 Bl T — 2 BRI e B M 7 — A0 T
H5NTEY, v A CLIP filadiEE, SbEIXZIEMSL LW, ZOHR T, B EEZICEE O
faEi~— I — %R B T HHMEEMZED D Z & THOILHERFEE I OBV 2 8535 2 & 23 FlHE
Llpodz, BEEMA E M CLIP Mgk - bRl a & bITRE T 2 HF7ER % 1 FRIz, il
F9~ 7 A CLIPHil% FHVWC CRIPSR 27 U —=> 7 %% L, ~ 7 A CLIP fijaDOHFE, /»{kizBE
DOOBIETERETHZ L E L, CRIPSRAZ U —=2 723 2 flfm & LT Fex 23BH% L 7= Cas9
FEHL~ T X A BEEANC LG U B o0& A S W TERL L 7= Cas9 J8HL~ 7 X CLIP #la & B AH|~
WA LT, Fox OFZEECTR% L7 CRISPR-KO 27V —= 7 OFEIEICAIY , Fix D7 ) AU A R
guide RNA (RNA) 74 77V —ZHWCAZ V—=2 752 FEi LT, KAV —=27Tix, 3t
%oV — MRTMRER E Y —7 40 7 X VRN L7 v 7 I U GPERERE S B 2 NGS fi@#d L, 4
gRNA O HBUBEE 2R, (D & U CHEALARE L Y — bR O el CHasEtE, i@ e LT
— MR & 77 X B 53 8 00 L Tk RE I BT 2 BIn T OB A2R A D A T T U —
o1z, T, 7/ L7 A4 KgRNA 74 7 7V —|Z L HMFENELE FIENZER I N0 E ) 0nE
FEE D 720, (D) & AT L7245 3. False discovery rate (FDR) <10% 7 v b 4 712 CAAF « HEHEL
FUBIE T2 1758 Bin fR S, Wiff Lo v MNBEBTEEZSE, ERICL Y AFNHEERT
HRY—L, 7TaT7 T V=L AT T 7RFE) ZWH%E ST 50T, 2k Gene setenrichment
analysis (& KV fEHT L7-AER. AEZRADEN, MOIES BN S v, M@ E s FaEREmR S h
TWVWDZ L ZMER Lz, BT, QO TR & ik (D O T il R % 56 LIRAT L 728G 5L,
FDR<20% 7% v b A7 CTomfbititix b 7= b dBIE & LT ey NaB, —FH, 2MbIRT 5%
HZTHEREGFIRE SN2 o2, ZHE TOMRR, £780 AW X 5 HIE TR A
FTOBENOENZEN B TFERE L, [ OMRIEREIToTMER, SbiEL b6 T KT &
LCREINIZEBEF A LBBEFBICHLTAERBIMAHZET 22N TE L, ARO@EY |
~ 7 A CLiP AT RE (THERF 9~ 2 28, ALREISHERF C& 20V, BB OMERR S - B s 123,
MR COMEREHERFIC E D X 9 R R A2 R T RFET 5729, CRIPSR gRNA #H AL X 5B a1
elEts . Wi 2 RWIMERF LoD, RRIFEIC L3R DT & F0E L 7=, gRNA Z3EA L 72~ 7 2
CLiP Mais #Bsa#% 3 HE2 D 20 B E (K9 3 @) 130EEOREZ IR FIXA LIRS, Z£0
#%. 2> b r—/L gRNA BB CIX 2l kg2 Ko7z, —FH T, ZBET. FICEET AILE
W, PIEICOHBREERE T T2 b 0D, Z0#%, $190 H F THobRenfRF Sz, LEX D,
[[E L7 BB FIIEM SRR OMER IS RBICE £ B2 b, Ba AEMICE L TiX., K
FALEMPEERIAEINTEBY . i AAlE L TERKRRBRAIThIh T\ 5, & 2 CTHEA 2 A2 v
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T, ~ 7 A CLIP filla D/ LREIC 3T 2 2 R 2 Wik L 7=, 9 10 H M OB BV CTREA O — 2135
{LhEZ TUET DM AL DA, BRI Z - BRI X 2 BWIR C O (LEEkER: O FTBEME 23 R
ST, BET ABEE mCLIP ML Z O L 5 ICEMICE S S LEEOHMER A AIRETH U | T OEHI
Fr 2 AT 272, AR I BURAT &2 Fh L7z, s0fbEio~ 7 A CLIP #ifd z gt (ol L7228 7 v 7
JURCYPZEDE L OBIB TR L L TR JAFIROEEE & B L 72 R ORMES Ao,
AR CLIP Ml CTIX 2 b OBBE T REINERT 2 —07, Bz ABEME T, s Lo
WE %5 HREHER LI SHET 5 2 LR EHOSEREHERFICH S LTV D Z LRI SN, U
kB, U A CLIP MilaD 3L RE D B HIHERFHICBIE T A OWEEN 77 ZHERT 5 2 EnH bk
mot, BRERE AW ARER T L OLRETLEOBE A R 5N TE Y, ~ 7 A CLIP #illg o fiEhT
IZBWTIE, A7V —=2 T 0% T EEMEETFOREE B2 T, TOFMMEEZFEHATLZ LT
oo ERHBETHE ST, ZORBICLVEEMICL > TE b CLIP filas#iko B AR s, R
HIOMERF N ATRE & 72 o 72,

b I CLiP M OER L U5 et O Fai kiR ERNZ B W CIRRED Hiv, BARMIT o~ o A
CLiP MifaD A 7V —= 77357 L, & & CLiP MR 23 B 4G v HE & 72 o 7o RE s C O e w5t &
FiiBEi L, CRIPSR A7 UV —=V 7 %3452 L Liz, L F U AL A%HZ CRISPR AT
LD 72, Fox OMFEETOFEIEIZAIY . & b CLIP Mg~ Cas9 OE A, EAMILTOZ /) L
TR OMERZ Fh L7z, 2 otk To CRIPSR A7 UV —=> 73~ 7 A CLiP #ila & R4 D )7
ECEmTDHZEE L, MEBOT LT I VBRI EEZ Y —T ¢ I KV EIR L, gD & L
THEEBAMRE & — D RTEER O Ll CHARIIE | i@ & LC Y — MR & 7 v 7 2 B 55 1
D CHLEEIC BT 2R T OB 2R AT, 7 — X T OfE R, £ 37, I HV T, FDR<10%
J vy b AT WA OEIEVEBR 72 1459 & v MEIE S 3L72, ZAUE, KBS AU B iR A
7 Y —=27 (Nature 2019) &Lt L CRFEETH V| MENEZEMIBOERNE L Thbi, A
IV ==V PR L TWD Z AR L, RIZ, HIERRZ IS 586 R R AT LIRS R,
FDR<5% v b4 7 T 18 #EinFZ AL, TDIFE A ERNAMGIEE T TH o7, FFIZ TP53 i
BEITRWVHEETED R R H Y . EFMRTEEREINL2bDOTH S, & & CLIP MilaizFr R &
PRARKIIMHE SN o722 &b #IEMEICE L TV SREERK T o Thir EEZD
N2, WITHERE~ DR A (DD LR L7z, FDR<5% 7 v b4 7 TT V7 I o ByEfflifa s 27T
ESELHEMA 8N T A SN, 2 AR FIZE L TER—DO2 X F URBICEG T2 2 b,
INOGDORFNTNT I URHBUTRWEEE 5.2 5 2 LR S, FEE, [EHEE T OmEIC X
HHBIMRBRAEE L2 2 A, BB C LT D OBEMIAIT= Y he—L & TR &
REDT VT I VBN EVER AR O b, A7V —=0 IR A2 — EREMRT D LN TET,

b CLIP filazH\Wi=22BDAZ J—=v27L LT, b b CLIP Hifld% ok BB 2815 CHERF L
3WILIr b EAT 5 & CYP3AL O BIF 72 R BLA 1S LTz & OB EMlOfERICESE | 3k &EIC
B LGN RICEHDABIEFORI ) —=0 72 E T HZ L& Lz, CRIPSR A7 Y —=27O
VEIHRLT 2x108 Ml Th 572D, FERILEOBBILR DB LETH Y . OO L Z A 7D 3L
BragdhiE & et L, Disc vessel % A 7 ORG#a 2 EA L=, UL, EEEO 3o biiE O R
BEoay ba— W IFEFRICHE L, A7 zaA FERORY, REELMAGTE, /A7 xn
A FTEBESRMSE, $ox ORMEME 21T O BERH - 72, FEEMTE 3 RTERIEE 2 O 72 S
ATV, HERAILAE LoD, WRICIMYAMATLRER, A7 = A NS MIROAGFRIL, H5{bhGH
WZAF B O —RAERINTHZETHETLHZENTE, —EHY D43 T 5x107 cells DAL A
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AIEER L~ LE TR TE 7, Ll ZHTHELETF D CRISPR A7 U —=2 7 OFEITILH|
LTELT., #HEEIOY I NE T =V U N—REER STz, Lol /N 3 ot/ ks ©
F BN TV CYP3AL B DRBELE T E DR EENR T D Z LIXTE T CYP3A4 I
EHLEAZ V== 7@ Wa L, 7TAVT7 I VBMRICER LA 7 ) —=2 72T 52 L &
LTce A7V —=V JHTOFER, NGS T U — RIEE (read depth) (% gRNA &7- Y 306-374 reads
EH I bBEOLT, &< U — FABHE S22 gRNA 23] 29.1%H 72, D Z i 3ot
SERERIZLV T4 T T V) —OBMMENRRESEHREDLNTWAHZ EEZEWRL, SRILHETIEIA Y =
A RIZERFFICRE RARMDB000 A4 > 7y hOMIEE LD HIX 20020 BOMBEN G D AT =
2 A RBTERSALTWD AR R S iz, AEOFERIL, & b CLIP #ilaD 2 7 = v A FEIZES
L7 a—VBRREETWDZEERBTL00EE X, 4% Ot b CLIP MAIBHFIZH L i
.27, UL, ZORR 7 a— @B E LG AEIEE T ) LT A RAZ U —=0 703N L
e, . R 2 TR CHOAERE Yy FERET 22 LIXTE otz



Initial research on rat-derived CLiP (chemically induced liver progenitor) cells suggested their potential for
long-term proliferation and redifferentiation into liver cells, making them a promising candidate for liver
cell transplantation therapy and the use in in-vitro toxicology testing. However, subsequent studies on mouse
and human CL.iP cells revealed a decline in these abilities over time with cell passaging.

To overcome this limitation, our study aimed to identify genes related to proliferation and differentiation
using the CRISPR-Cas system to establish human CLiP cells with sustained proliferative and differentiation
capabilities.

Firstly, we used mouse CLiP cells, for which the UK team of this collaborative project had established
optimal culture and differentiation conditions. To perform CRISPR-based gene editing, we generated mouse
CLiPs from our Cas9-expressign mice. We then conducted a CRISPR screen with focus on proliferation and
differentiation. From the analysis on proliferation, we identified 1758 cell-essential genes, indicating that
genome-wide mutagenesis with our system worked as expected. For the differentiation screen, we isolated
ALB-expressing cells after differentiation using cell sorter and compared them with a pre-sort cell fraction.
We identified 54 candidates, which when disrupted enhanced differentiation. Among them, Menl and
Rnf111 were validated in individual knockout studies. Moreover, when cultured in a long term (~90 days),
Men1-deficient mouse CLIiP cells exhibited prolonged differentiation ability. Small-molecule inhibitors
targeting Menl showed the increase in differentiation efficiency in a short-term assay, suggesting its
potential application for the future development.

While we conducted the mouse CLiP screen, the UK team optimized the culture conditions for human CLiP
cells, resulting in their long-term maintenance and improved differentiation. Human CLIP cells generated
and maintained in this revised culture condition repopulated in the mouse liver at an efficiency similar to
primary human hepatocyte. We used these human CLIP cells and the culture condition to perform a CRISPR
screen. In a 2-D culture setting, we performed this screen in the same experimental setting as mouse CLiP
screen. In the proliferation screen, we identified 1459 cell-essential genes, which are equivalent to the
number of cell-essential genes identified in a large-scale cancer cell line study, indicating the effective
genome-wide mutagenesis. In the differentiation screen focusing on ALB expression, we obtained 8 hits,
which when disrupted promote albumin expression. Of these, 4 factors are involved in the same biological
pathway. When 2 of them were tested in individual knockouts in a short-term culture, their phenotype was
validated. Further validation in a long-term setting is required.

As the human CLIP cells in our condition were able to differentiate in a 3-D condition and could give rise to
CYP3A4-expressing cells, we decided to perform a third screen in the 3-D differentiation to identify genes
affecting 3-D differentiation. However, achieving successful 3D differentiation was challenging due to
clonal selection issues, which hindered genome-wide screening.

Despite this setback, our research holds significant implications for liver cell transplantation therapy and in
vitro testing. It also provides valuable insights for future advancements in human CLiP cell development.
The identification of Menl as a key gene for differentiation offers a potential target for therapeutic
interventions.



