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IT WFERRF OBEE
1. BFFEBRAFE DALR

Rep Ik VLR ¢ (TTPs 45 EHE% 85) . FEARMEMRHENE (CF: FE & EE 299) . MifafriE (PAM: /R 8 Ry e
) O 3B OWT, B A BT LKA S 3 0 TENZIL 3 3AER], 3IER], 7IEFIN SR ERRY
iPS Mz B2 L. BN, Ropfb~—h —DOFRBUER, =IRIELREZR & OMRRFE 2 FEi L. FEDHES
WTIEFNT T T, BEULEMIEAT A A4V — A X —O/ NN 7 2% RE LTz, E T SIEBNATRET 2 s
X #R. MR CT, PERASREMR A OBRRIERIC OV T H AT Al REZRHIPH CHFFE L7z, T1Ps (XFhk 29 4FFE D & A F
4 AREEZ)T TREBI A Y 70— b L, JRERER 7 O [FE 3 AREGNZ DUV TR /18 5 b DR & %20 F . FIEH
FEDIER] & BRI E DT, F7o, 1IPs T E TIZEANAD GG ST E 72BEM O JFREE 71220 TS
IN—lr v T EREF L, TS E S THLMNIZ R 5T b DB E O T, A& SFTPAL(2 525R) . SFTPA2(2
%), SFTPC(2 Z%) . ABCA3(1 5258) . TERT(1 ZZ%). RTELI(1 %5%). MUC5B (rs35705950 : 1 Z2:%) (¥R BUH A
EBEZDLNDHNY T N EFFOBBRFRM 1PS MlaA N LT, BEHEE iPS MlERIZ oW TIE 1IPs Tl
SFTPA1 33 & O SFTPC, Ml diE Cld SLC34A2 12 DW T LIEFNZ DWW TR AN Y 7 NMIKRT 57 7 Mm%
T, IEH e BEECFAEE LTz iPS MfaRE 2 BN L7, — O EF] CIXER T TR/ Y 7 2 R OFRBLO
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HuaFE L, BEMOT LLORZ BB L3 hr— L iPS flilakk b B L7z,

PRIEET VHFIZ DWW TS CTIORBRE A 1PS M A B2 LTz TIPs & FEEID FIIEIE O M B E M 2% %
k= toImbEns I AT — c XNRT w ZIEEERE 11 A (Hermansky-Pudlak syndrome type 2; HPS2)
FRE R O P R LY 1PS I T OB TEEMA BN TE TR Y . AT LTV, 22T, HMbiFEL
T=ikaAvIi 7 A F‘%Hﬂb\fcﬁﬁﬁ%ﬁé HlcED, BEHRKMaCIIMYy—>7 727 2> FNOREA - AR S T A
FTIRDGH - TEHE « BUICHFEZROHZ b, fith—7 727 % MEEO WA LA A —2 0 770 8T
BEE iEEM‘?‘éjﬂﬁ%iiﬁ% L7z (Stem Cell Reports, 2019), [FIRFHAICHESN D> O REFEMERRRMESE (IPF) B3
DfifiAigk D > o 7 N MARHTRE R DSEHCRE Sdhv, L U 72 kR o fti e BRI TR, TT AU b R
O 1 AR R~ D EE 72 LA EE SN TWD Z R LN E R oTc /o), iPS HifnZz W T Z O
Bla AT, iPS Mgk T BURE BRI DWW I BB EIE D HENL L TN 72728, 1 fflilfla L~r
TOMENE R THIBATIC K D [EE L, Wnt > 27 F VR OIHIN 1 ﬁ'lﬂmﬂ’aj:ﬂjfﬁi}]@f\@ MbEfRET 5 &
R UTc, £7o, IPF THE SN TWD TT ARG T AU bR~ DL EE 25t 1PS Mikaf ko fifi
@L&%%T@%ﬁ%%%ﬁ@ﬁ@_iofm%éﬂfwéﬁ%@%%ﬁb\F%%?Wﬂﬁ%&ﬁﬁ&%i%
L. GRS L7z (Stem Cells, 2021),

BB TEERE BN L7 BRI iPS MAIC W T, bR o ik & FRBURFEAN 2 B2 o
I1Ps HRELAY iPS MMkK & . JRINE G AR A2EHE Lz iPS Mk b BN A v ) A FEER L, k
B - 3ERSY DN ENIT OV THEFRAVIE S FRBURNT 2 8O 7, FRIZ SFIPCITIRINAN Y 7 N RO R
19 iPS HIRIC DWW TUE, B FHEERTER OBIEFRELBHZ =V v F A METIC K D T 5 2 & T, 5
DBIETEENEET D L AR LN, ZhDOELORREII N 7> SO EOER TREN R |
JREE L HEE L 5 D ATREMEAN A S iz, £ 2T FBEREFIOFRKES T & L THER S D SFTPC D% 7295
BN 7 MCEDS S MIRERBIND 27 ) — =0 7 R OFENRHlR L 2 B L. F T IRERR 7 BRI

DB 2 ARG M A2 WD TR IZ R 9~ 2 TIE 2 MET L. MR EMEOFEE L LT ER X F L AREBHE
RO RELZ R VR —F =N AN—T N A=V T FTA V=2 AT AT ) —= T
LICHTE D EEEOE WL R —F =V AT AEEE LT, KA T LEFIH LT, HREREA 2480 (LEM D
flie A ZN—"T"y FFHlRDO/NY T — 3 ATV, JRRBICREE T 5 L E X LDV EOIEMZILVIAAT,
S LI DILEME T, SFTPC DI/ U 7 2 kAR OB AR FY 1PS HERE > & 0L akE U 7= ififle EFz
AR DFENAMR D /XY T —2 3 L ZATU iPS Hifae~ 7 AT T VORI R A 7 ) — = 7 RAERRE D
itk = o b — W T & Dbz FE Uiz, [RIRFS, FRHIER & LT MAASIZHEY) TH D & WGk
?ét (2 GE T 1B D )1 % 15 T OB O b O & E DT EE D SFTPCIRIN /N Y 7 b ORSREFHM 24T\,
ZAVUCRRIRIGE 2 BV JAATE SFTPCIREI N U 7 2 s OREREFRHT & BRI AZATV, kT Ch 5, £z, ME
riﬂmx BUD ER-MEMRAERH~ONREOHERTE D L) it ) A4 REHWTZET VORI HIT-
oo TVA~A T Z2RINT 5L Ml BRI A H0 &3 D IE 235 S 4L, TGF B 3 7 /L DT MAL 2 1%

T, BRHESEMIIR OIEMAL & WSS & Z S, WAL T ) A R EE#E L O EE 2R E/st~ b
U 7 ZREFET D & D IBHEIE DJRRE & HEEL L 72 Bl 2580, B b iPS fllfa & I 7287 LU IIRRHERE O % R E
T & U CiisCiRes L7z (Stem Cell Reports, 2021), Z D )ik & SFTPC DJFEHINY T 0 b & Fofk R B 1PS
Mz HOWIRBET NV EHWT, LR CRE LIALEW O Z Lz & 2 A, REFMOIGER AL, 4
%, A2V —=2 7 THE LIALED OFHB-CIR BT R IISH TE 2 Z e WiIft SN 5, Z ORI LEWE
iR OREE L GbE, fw e LTEE O (in revision), M4/ /A RORBEEMIIZ OV TIERER X 0 Hf
FERIRAIATHE & 72 o TV D IR R Al 1 Sk O il S 2 JH L C & 728, R0 AR B a2 D | WAEAAT IC
HH7Zey—n%zBf LT, MlaiEmiasz e b iPS Milad 50 biFEd 2 5k b B% Lan st L7z (Cell Rep
Methods, 2022), Fi-. FEBKFEN iPSHIINIZ K D in vitro CTOREBET LN in vivo THEAMNEIN S )
ENERT D120, V7 N— b LIBELRERUNY T M &8N LMRHEETET L~ 2AOFE BTV, BE
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O SFTPCER L FREIC T VA~ A VU EZMENRE N2 L2 R L, & 512 iPS i TR OER TE LAY
ERGTHE. ~EOIRKNDREEDLZE LI LNTTE,

—Ji. CF OFBFFRAY iPS HIfL A W oW BT R ARG T 2 7201C, CF O T BEE b EEHE =
. RIRSBAMEZR 3849+10kb OOT BRIZHEH Lz, TOERIIATIA VL TREICL DBy VN E
Rt 5 & T, BRIk RUoa24E U TH ok AZERKAE mRNA 4> ikt (N\MD) 12 & 543 fR %521 F . CFIR
DRBLEDWDT DT20OIZ CF 2 RIET D, ZOERE~T v, RETRHOBEHEZNENND 1PS Mlu 4z
L, KGE BRSO LR RO R LA T o 7o, /M EFEE L7 iPS MIfE2> S RNA, & /37 B & il
L. R ERD CFTIROAT A4 2 VR EB IO nRNA BEREOK TZ2HHE L, &H1C, V=& 71
VT A T LY B CFIR % X7 B ORI LT2IED, 740 A2 ) A2k Y cAMP 241 L7z CFTR
R X A%GE LR AT ) A ROBEE (Forskolin Swelling Assay) % al#ifk LiE B b2 HikZmEsr L.
CF & Ok % iPS M bFEREZ HWTT v A TX 5 ROEEICHKL) LT, JEFIERE BRI L
BN, ENBEDOY 70— NSRS 572720, H29-R1AREEE TR T L. R2 AEBELARE T Y 3420 IR i 2 3T
L2 REFEFAR T v — R EITHIEZ B k72,

F7o. R2-RAAFFEIT )T THEHE L 7= PAM DR BRFELY) 1PS Ml 2 W T2 BEFRMT Tl 0 LaBE L7 fili
faANTT ) A RTIEHA SR ANTT ) A RNIETOMA DB ZHR T D Z LN TE M1, A
DI A BB 5720, 11 Bl L Rfie 42 BRI E S 2 HiEORE LD 72, 1PS Mifad ko fitifia 5z
AR 2 G0 R~ 7 A DRRUARZD R 2N O B EETEDH T L0000 (Biomaterials, 2021), PAM O
BARRAY iPS M & OBIEHBERICH L GBI ) MREZITV, LR—Z —#ilg L L CoOkRE
Frl-822 LM TEX70T, ZnEHW T~ 7 AIZAER S5 502G LT,

2. WHERCROERE

PR aR R 35 1T 2 RBMZREHAMERER L LT B 5 TIPs, CF, PAMIZ DWW TR HSR OB R LAY iPS
MR AR C& | BYLEIZEITIANA A YV — 2 X — O/ > 7 1I2FHFE LT, ATREZRERN DU TIREREE
THEMOIRGT L7722 & T, EH#EZRICED > TORWIFEE TH 1PS Ml 2 72 D BB IR 2R L O BF5E
M TE D LD oTc, TIPs IZENEEE 1 H AL EE S, AR 5 FREE ORIRER 2R A
Thd, THE, Kb THRROWFETH D RFMEMBHEIE (PP ICK L TEL T 2= R T X =T 72 8
HURBCE LB HFEE L 7> TV DA, ZHRIFIRENTH Y, FRE +0ICESE DL E TITEE > T,
AR CHME L 72 R B A EY 1PS MR OMFZE Tld, IRARDFK &2 2 BEBH OBIBETONI T v MK
R U 7= BB T L&l U CORE A I = X A0 B ERML, Zhisxshis LZAIBEO Araerk 2 Hif T & 5,

CF X CFTR DB AR Z R & 3 5 @EMEEE T, AARTIIMIEBRCK A TIEHAE 3000 A2 1 AAFIE
L. &l R OBRE R 12 X 0 KOERYYE 2/ 0 IR L TR A2 E L BERKAR TH D, CFTR OFEHER
R X VIR R R SN TEY . 21D 24N Tvacaftor 72 & D4 THEFNEHRIENBRE STV D
B, ZEOBLRTEREARL =B HEINTEY, REZL OBRE TIIAENRIGFIENFE LW ONRERE T
b0 PREBREE 1PS M A W o R BT T VIR A E 220 2 ERAFITILR A O & L Mg &
TR T & D7D, ARFICEREE TN L7- R BE T A ORISR OB N D Z ER RSN D,

PAM Y VBRIV I TSy &+ DA AR BT 5 E iRl B ch v . 11 B
BEARRIZ FF R ANICHBLT 5 TIb B R U 0 AMRAEME Y ISR FE NaPi2b (SLC34A2) OERE R AN RIA & s S
NTCWD, BRI <MD T A 7 B D 72 0 FRFE H SR O ME SR A I T ZIEA FII AR FRETS » 7228,
AW FRENZ BN TEHYO TEE LRI TY 7 b— b 452 LN TE, Miflaflcn i 25 6 JEf] & 2 ORI R
ThDOEAMMELIEZ EFIBN T Z LN TE T,

I1Ps, CF, PAMIZWT N HHEATHEOEETH Y | IR A EITH T 2R L2372V OREFTH Y |
EAEICB O TREBHERI B R —RERNEN TV AR ZESRD & RARIREES L3 &b
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PRIB DT 2 I L1 2 A DOBHBIIMBEOMETHL H 5, TV E CHREBOREMICAIZENEEEChH - 72

B & LC, in vitro, in vivo &b EEOREEZ YN L - ILHEO S WET VRHFERET, RO
FEWN T o T2 Z ERBIT DD, AP A 8 L C, HARFRNY iPS ez Wb Z L Toiud Ok

A CTEDL O R ol

1. Results of the research project

Patient-derived iPS cells were established from 33, 3, and 7 cases for research on idiopathic
interstitial pneumonia (IIPs), cystic fibrosis (CF), and pulmonary alveolar microlithiasis (PAM), respectively,
including similar diseases requiring differential differentiation. Karyotypes, expression of undifferentiated
markers, and differentiation potential to three germ layers were evaluated. The pathogenic variants of IIPs
patient-derived iPS cells included of SFTPA1 (2 families), SFTPA2 (2 families), SFTPC (2 families), ABCA3
(1 family), TERT (1 family), and RTELI (1 family), and MUC5B (rs35705950: 1 family line). Genome editing
was performed on the pathogenic variants of SFTPA1 and SFTPC in IIPs and SLC34A2 in alveolar
microlithiasis in one case each, and the alleles with pathogenic variants were knocked out and/or gene-
corrected in some cases. In the early days of this project, we worked on disease modeling of Hermansky-
Pudlak syndrome type 2 (HPS2), which is known to cause familial interstitial pneumonia similar to IIPs for
which patient-derived iPS cells had already been established, while we recruited new patients with IIPs. We
analyzed the alveolar organoids derived from the HPS2 patient-derived iPS cells as well as their gene-
corrected ones, revealing that the distribution, morphology and secretion of lamellar bodies in the patient-
derived alveolar type II (AT2) cells were abnormal. We visualized and quantified the secretion of pulmonary
surfactant using live cell imaging (Stem Cell Reports, 2019). Since no method had been established for
generating iPS cell-derived alveolar epithelial type I (AT1) cells, we identified AT1 cells by single-cell RNA-
seq and found that suppression of the Wnt signaling pathway promoted differentiation of AT2 into AT1 cells.
In addition, we speculated that the abnormal differentiation from AT2 to AT1 cells reported in IPF lung
tissues may be suppressed by the presence of lung alveolar mesenchymal cells based on the culture of alveolar
epithelial cells derived from human iPS cells (Stem Cells, 2021). Next, we generated alveolar organoids from
IIPs patient-derived iPS cell lines as well as their gene-corrected ones and performed transcriptome analyses
of epithelial and mesenchymal components, which probably mirror their pathological mechanisms. In order
to establish a screening system based on the cellular phenotype of various SFTPC mutations, we investigated
a simple method to evaluate direct effects on epithelial cells using cell lines, and then developed a
luminescent reporter and a high-throughput image analysisto evaluate the effects of SFTPC variants for ER
stress and protein aggregation. We also developed a model of pulmonary fibrosis using alveolar organoids
that were able to recapitulate a pathogenic epithelial-mesenchymal interactions, and found that the addition
of bleomycin induced cellular senescence predominantly in AT2 cells via activation of TGFB signaling. In this
model, the activated fibroblasts were migrated, and the entire substrate on which alveolar organoids were
cultured substantially shrank and extracellular matrix accumulated, a phenomenon similar to the
pathogenesis of pulmonary fibrosis (Stem Cell Reports, 2021). We applied this method to the evaluation of
drug efficacy in a disease model using patient-derived iPS cells with pathological variants of SFTPC (in
revision). We also established a method of generating iPS cell-derived lung alveolar mesenchymal cells which
can induce alveolar organoids with possible application to disease models (Cell Rep Methods, 2022). In order

to confirm whether the in vitro disease model using patient-specific iPS cells is consistent in vivo, we
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generated a mouse model of pulmonary fibrosis and analyzed phenotypes of that and evaluated the drug
efficacy of the identified compound.

On the other hand, to analyze pathogenic mechanism of CF using patient-derived iPS cells, we
focused on the 3849+10kb C>T mutation in CF. This mutation generates a pseudo-exon due to splicing
aberration, resulting in a premature termination codon, which is degraded by the nonsense mutation-
dependent mRNA degradation mechanism (NMD) and causes CFTR expression level to decrease, resulting
in CF. We established iPS cells from both heterozygous and homozygous patients with this mutation and the
1PS cells were differentiated into airway epithelial cells. By extracting RNA and proteins from differentiated
1PS cells, we succeeded in detecting abnormal CFTR protein by Western blotting and CFTR mRNA expression
level, which is the cause of splicing defects and CF, as well as cAMP-mediated CFTR stimulation by forskolin
(forskolin swelling assay). We hoped to recruit patients, but due to difficulties in recruiting patients in Japan,
we terminated the project after research over the 2018-2020 fiscal year. In the pathological analysis of PAM
using disease-specific 1PS cells conducted from the 2021 to 2023 fiscal year, we were unable to confirm the
microlithiasis in the lumen of alveolar organoids induced by differentiation, so we worked on developing a

method to maturate AT2 cells to recapitulate microlithiasis.

2. Significance of the project

We were able to establish patient-derived iPS cells for studying IIPs, CF, and PAM, which are known
as intractable lung diseases, and deposited them with the corresponding clinical data for possible cases at
RIKEN BioResource Center. IIPs is still a serious disease even in recent years, while the two FDA-approved
drugs, pirfenidone and nintedanib are available for idiopathic pulmonary fibrosis (IPF). Both drugs’ efficacy
has been limited and they have yet to show sufficient improvement in disease status. The patient-derived
1PS cell research will continue to elucidate the pathological mechanisms through disease models that reflect
the patient's own genetic variants and to realize drug discovery and precision medicine with their probable
appropriate stratification. In addition, CF is an inherited disease caused by genetic mutation of CFTR, which
is rare in Japan but affects 1 in 3,000 births in Europe and the U.S. It is a serious disease that leads to
respiratory failure due to repeated airway infections caused by dysfunction of airway epithelial cells. However,
there are still no effective therapies for many patients. The 1PS cell-based disease models do not require
primary cells and therefore, it is expected that iPS cells would be an unlimited source of patient-derived lung
cells and could lead to drug discovery in the future. Further, PAM is an autosomal recessive genetic disorder
in which calcium phosphate-based microliths appear in the alveoli, and is reported to be caused by a
functional defect of type IIb sodium-dependent phosphorus transport protein NaPi2b (SLC34A2), which is
specifically expressed in AT2 cells. In this project, we were able to recruit more patients than initially
expected and established a total of six cases of alveolar microlithiasis and one similar case of diffuse
pulmonary ossification (DPO).

IIPs, CF, and PAM are all progressive, refractory lung diseases, and lung transplantation for
respiratory failure is the only treatment available. The reason why it has been difficult to elucidate the
pathophysiology of diseases and develop new drugs is that there is few accessible model that appropriately
reflects the pathophysiology of patients both in vitro and in vivo, and there has been no technological basis
for patient-derived cells. Therefore, this project has paved a road for the future drug discovery in a manner

otherwise impossible.



