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OSM enhances the hematopoietic capacity of PaS-derived
osteolineage cells in vitro

To determine whether OSM can potentiate the hematopoietic capacity of
osteolineage cells, we developed a co-culture system of PaS-derived osteolineage
cells and Lineage-Scal+cKit+ (LSK) cells, a fraction of HSPC in the BM (Fig. 4A).
We first induced the osteogenic differentiation of PaS cells for 7 days with or
without OSM, and used it as a feeder layer, which we named “Oc-feeder” and
“OSM-Oc-feeder”, respectively. After wash-out of induction medium, LSK cells
were added on each feeder with stem cell factor (SCF), but without OSM. After 3
days of co-culture, many “cobblestone”-like clusters were observed in the co-
culture on OSM-Oc-feeder (Fig. 4B). After 7 days of co-culture, the expanded
cells from each culture were harvested and reanalyzed by FACS (Fig. 4C). The
total number of expanded blood cells on OSM-Oc-feeder was 1.6-fold higher than
that on Oc-feeder (Fig. 4D). More importantly, FACS analysis revealed that the
percentage of the LSK fraction as well as the total number of LSK cells relative to
the input cells on OSM-Oc-feeder were higher than those on Oc-feeder by 2.3-
fold and 3.4-fold, respectively (Fig. 4C, E and F). These results suggested that
OSM-induced osteolineage cells possessed a high capacity of the ex vivo
maintenance and expansion of HSPC. To examine the characteristic difference
between Oc-feeder and OSM-Oc-feeder, the expression level of Thrombopoietin
(TPO), a critical factor for hematopoiesis, was analyzed. Real-time RT-PCR
revealed that the expression of TPO in the OSM-Oc-feeder was significantly
higher than the Oc-feeder by 4.6-fold, which may account for a part of niche
functions (Fig. 4G), although we cannot exclude the possibility that the other
cytokines than TPO or the direct interaction between LSK and the feeder layer
might be responsible for high capacity of hematopoiesis. Taken together, these
results suggested that OSM plays a role in the development of the favorable
microenvironment for HSPC by preventing PaS cells from osteogenic maturation
as well as adipogenesis.

OSM administration facilitates the reconstitution of the BM
microenvironment in lethally irradiated mice

Because OSM is predominantly and constitutively expressed in hematopoietic
cells of the BM (Fig. 1C and D), the myelosuppression by lethal irradiation is
supposed to cause an insufficient supply of OSM even in the WT BM. To assess
the therapeutic advantage of OSM administration for BM microenvironment
recovery after myeloablation, WT mice were lethally irradiated and transplanted
with BM cells (BMT). After BMT, recombinant OSM was intravenously
administered at a dose of 600 ng per a mouse twice a day for a week and then the
BM reconstitution was evaluated (Fig. 5A). Oil Red O staining revealed that OSM
treatment markedly suppressed the accumulation of lipids in whole BM compared
to vehicle injection, indicating that the administration of OSM inhibits the BM
adipogenesis in vivo (Fig. 5B). Moreover, OSM-treated BM was filled with
nucleated hematopoietic progenitor cells whereas vehicle-treated BM displayed
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Fig. 4. OSM enhances the capacity of PaS-derived osteoblastic cells to support hematopoisis in vitro. (A) The experimental schedule for the co-
culture of LSK cells and the feeder layer. After the osteoblastic differentiation of PaS cells with or without OSM, LSK cells were co-cultured under 4% O,
conditions (balanced by Ny). After 7 days of co-culture without OSM, cells were harvested and reanalyzed by FACS. (B) The morphology of LSK cells
cultured on Oc-feeder and OSM-Oc-feeder. “Cobblestone”-like clusters (arrows) were observed in the OSM-Oc-feeder. Scale bars indicate 100 pm. (C)
FACS analysis of harvested cells after 7 days of co-culture. Representative images and the percentage of the LSK cells in lineage negative CD45+ cells are
shown. (D) The total numbers of expanded cells after 7 days of co-culture (n=5). (E, F) The percentage of the LSK cells in total CD45 positive cells (E) and
fold increase of LSK cells relative to input cells (F) after 7 days of co-culture are shown (n=5). (G) Expression analysis of TPO in the Oc-feeder and OSM-
Oc-feeder by real-time RT-PCR (n=3). Data are presented as means + S.D. **P<0.01, ***P<0.001.

doi:10.1371/journal.pone.0116209.g004
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Fig. 5. OSM suppresses fatty marrow and enhances the recovery of BM microenvironment after
irradiation in vivo. (A) The experimental schedule for irradiation and OSM administrations. BM cells were
transplanted into lethally irradiated WT mice by tail vein injection. A dose of 600 ng OSM per mouse was
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injected intraperitoneally twice a day for 7 days. (B) Oil red O staining of femur sections from PBS-treated
mice (Vehicle) and OSM-treated mice. Arrow shows the open area occupied by erythrocytes. (C) Real-time
RT-PCR analysis of genes related to adipocytic differentiation. The expression levels of adipsin and perilipin
mRNA are shown (n=4-5 per group). (D) Expression analysis of TPO in the BM by real-time RT-PCR
(Vehicle, n=4; OSM-treated mice, n=5). (E) The total number of BM cells per a femur after 14 days of BMT.
(F) FACS analysis of BM cells in vehicle-treated and OSM-treated mice. Representative images and the
percentage of LSK cells in BM cells are shown. (G) The percentage of LSK cell in BM cells. (H) The LSK
number in the BM per a femur. (Vehicle, n=6; OSM-treated mice, n=7). Data are shown as means + S.E.M.
*P<0.05, **P<0.01, ***P<0.001.Scale bars represent 100 pm.

doi:10.1371/journal.pone.0116209.g005

many open areas occupied by enucleated red blood cells (Fig. 5B, arrow). Real-
time RT-PCR revealed that the expressions of adipsin and perilipin in the BM of
OSM-treated mice were strongly suppressed by 0.48-fold and 0.08-fold compared
to the vehicle-treated BM, respectively (Fig. 5C). In contrast, the expression of
TPO was 4.7-fold increased in the BM of OSM-treated mice, consistent with the
in vitro data described above (Fig. 5D and Fig. 4G). These data indicate that the
administration of OSM is useful for inhibiting the adipogenesis during the
regeneration of BM microenvironment, which would contribute to the recovery of
hematopoiesis.

OSM administration enhances the recovery of BM hematopoiesis
after lethal irradiation

To evaluate the effect of OSM administration on the hematopoietic recovery in
the BM, the nucleated cells were harvested from vehicle- and OSM-treated femurs
after 14 days of BMT and analyzed by FACS. The total number of BM nucleated
cells per a femur of OSM-treated mouse was 2.0-fold higher than that of vehicle-
treated mouse (Fig. 5E). FACS analysis demonstrated that the percentage of the
LSK fraction in total nucleated cells as well as the total number of LSK cells per a
femur of OSM-treated mouse were higher than those of vehicle-treated mouse by
4.1-fold and 6.7-fold, respectively (Fig. 5F, G, and H). These results strongly
suggested that in vivo administration of OSM after lethal irradiation has a
beneficial effect on the rapid recovery of hematopoietic microenvironment in the
BM.

To further focus on the contribution of BM recovery to peripheral blood, we
performed similar BMT experiments for Spx-treated WT mice and monitored the
peripheral blood every 7 days after BMT (Fig. 6A). While the recovery of
peripheral WBC and PLT was blunted in vehicle-treated mice, OSM adminis-
tration elicited rapid recovery of WBC and PLT, and their counts were
significantly higher than vehicle-treated mice after 21 days of BMT by 1.9- and
2.1-fold, respectively (Fig. 6B and C). Similarly, the values of RBC, HCT and
hemoglobin (HGB) in OSM-treated mice were consistently higher than those of
vehicle-treated mice (Fig. 6D).

Furthermore, we examined the hematopoietic recovery in Spx-treated OSM KO
mice after lethal irradiation with WT BM transplantation. Although the
administration of OSM was expected to be more effective in OSM-deficient BM
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Fig. 6. OSM enhances the recovery of BM hematopoiesis after irradiation in vivo. (A) The experimental
schedule for splenectomy, irradiation and OSM administrations. WT mice were irradiated at lethal dose after
14 days of splenectomy and then a dose of 600 ng OSM per mouse was injected intraperitoneally twice a day
for 7 days. Blood samples were harvested from tail vein and analyzed by automated counter every 7 days. (B-
D) Hematologic analyses of peripheral blood after BMT. While blood cell count (WBC) (B) platelet cell count
(PLT) (C) were measured by an automated counter. (D) Red blood cell count (RBC), mean corpuscular
volume (MCV), hemoglobin content (HGB), and hematocrit values (HCT) are shown. (E) Model of multiple
regulatory roles of OSM in the BM stromal cell differentiation and hematopoietic microenvironment. Data are
shown as means + S.E.M. (n=5 per group). *P<0.05, **P<0.01, ***P<0.001.

doi:10.1371/journal.pone.0116209.9006
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environment, we could not find its clear advantage in the recovery of peripheral
blood nor BM LSK number (52 Fig.). Because the BM of OSM KO mouse is
originally adipogenic, the pre-existing lipids in the KO BM may be less affected by
OSM administration while the renewed adipogenesis in WT BM after irradiation
is effectively blocked. Altogether, these results indicated that OSM administration
was beneficial to suppress the adipogenesis after myeloablation, leading to the
recovery of BM microenvironment as well as hematopoiesis.

Discussion

In the present study, we focused on the effect of OSM on PasS cell because the cell
has been reported to differentiate into hematopoietic niche cells, osteoblasts, and
adipocytes after in vivo transplantation [10]. We demonstrated that OSM exhibits
distinct biological activities against adipogenesis and osteogenesis of PaS cells. We
previously reported the inhibitory effect of OSM on the adipocytic differentiation
of 3T3-L1, a preadipocyte line [20] and that both OSM KO and OSMR KO mice
displayed an anemic phenotype accompanied by the reduction of hematopoietic
activity in the BM [18, 19]. Here, we showed that OSM is expressed constitutively
and abundantly in the BM, a unique feature of OSM among the IL-6 family
cytokines. Moreover, the adipogenesis in OSM KO BM was accelerated with age as
well as after myeloablation. These results strongly suggest that OSM plays a critical
role in the development and/or maintenance of the BM microenvironment.
Considering that adipogenic change occurs drastically and extensively in the BM
after irradiation and that PoS cells are relatively rare in marrow cavities, OSM may
contribute to hematopoietic microenvironment by affecting the other type of BM
MSC as well as PaS cells. Adipocytes in the BM are considered to be a negative
regulator of the hematopoietic microenvironment, raising the possibility that the
administration of a chemical inhibitor of adipogenesis might enhance marrow
engraftment and hematopoietic recovery after irradiation by antagonizing BM
adipogenesis [11]. Therefore, the regulatory mechanisms underlying BM
adipogenesis in the steady state as well as under disease conditions would help us
to understand the hematopoietic microenvironment and develop novel
therapeutic strategies. Because impaired hematopoiesis in the BM is often
compensated by extramedullary hematopoiesis in the spleen, fine regulatory
mechanisms in BM hematopoiesis may be masked by the compensatory
hematopoiesis. Therefore, we utilized Spx-treated mice to focus on the BM
hematopoiesis. In BMT model, one of the myeloablation models, Sxp-treated WT
mice markedly showed the rapid recovery of peripheral WBC and PLT by OSM
administration, suggesting that anti-adipogenic effect of OSM is useful for the
recovery of hematopoietic microvenvironment in the BM. Unexpectedly, OSM
administration into irradiated OSM KO mice did not exhibit enough effect on the
recovery of BM hematopoiesis after irradiation. Considering that OSM effectively
blocks an early step of adipocytic differentiation [20], it may need more time to
replace the pre-existing adipocytes in the OSM KO BM. Therefore, the span and
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dose of OSM administration need further consideration to improve the BM
microenvironment of OSM KO mouse.

Interestingly, OSM KO mice showed some characteristics similar to the
diagnostics of AA; i.e., fatty marrow, high serum EPO concentration, a high
frequency in aged individuals, and anemia. For many patients with severe AA,
transplantation of BM or cord blood cells is the preferred standard treatment
[37,38]. Transplantation is thought to replace the abnormal hematopoietic
progenitor cells in the BM with normal HSPC because hematopoietic progenitors
themselves are of pathogenic importance. Our data suggest that defective
regulatory molecules for the BM microenvironment could also be linked to the
pathogenesis of AA. Notably, OSM is a potentially promising agent for the
protection of fatty marrow, although further investigation will be required to
clarify the relationship between AA and OSM expression in the BM.

BM contains various cell types involved in the formation of the hematopoietic
microenvironment [1, 39, 40]. Previous studies have revealed that various stromal
cells, such as osteoblasts [2, 3], osteocytes [41], perivascular Nestin-expressing
MSC [42], CXCL12-expressing cells [43—46], and BM sinusoidal endothelial cells
[5,7,47], contribute to the formation of the BM hematopoietic niche. Among the
multiple cell types in the BM, the osteoblast is the first to be identified as a
functional niche cell, although several lines of evidence suggest that the role of
osteoblasts in HSC regulation is not as it was initially foreseen [48]. It is likely that
the osteoblasts constituting the HSC niche are relatively immature, because
CD146" osteoprogenitors, but not their differentiated osteoblastic progeny,
express Angiopoietin-1, a pivotal regulator both of vascular remodeling and of the
HSC niche [49]. Moreover, osteolineage cells are also known to express some
secreted proteins required for hematopoiesis; e.g., TPO, which enhances LT-HSC
quiescence, and Sppl, an extracellular matrix molecule, which enhances the
quiescence of primitive HSC through its binding to integrin B1 [50,51]. We
demonstrated that OSM enhanced the expression of TPO and Sppl in
osteolineage cells derived from PasS cells, and suppressed the expression of Bglap2,
a terminal differentiation marker of osteocytic cells, suggesting that OSM also
contributes to the supply of stromal cells constituting hematopoietic niche. In
fact, OSM-treated osteolineage cells showed marked potentials for maintenance
and expansion of the LSK fraction as feeder cells in the co-culture system. These
findings may account for the finding in our previous report that the number of
hematopoietic progenitor cells in peripheral blood was increased in OSM KO
mice, presumably due to the impaired ability of the BM niche to harbor HSPC.

In conclusion, our findings demonstrate that OSM plays multiple regulatory
roles in BM stromal cell differentiation and is required to maintain the BM
microenvironment for hematopoiesis (Fig. 6E). OSM is a promising therapeutic
target for alleviating the BM diseases with fatty marrow as well as myelosup-
pression after chemotherapy or irradiation. Further characterization of the
osteolineage progenitors responsible for the OSM effect would help us to
understand the regulatory mechanisms of BM microenvironment for hemato-
poiesis and to identify novel niche factors for HSPC.
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Supporting Information

S1 Fig. Comparison between PaS cells derived from WT and OSMR KO mice.
(A) WT-PasS cells and OSMR KO-PasS cells were sorted as CD45” TER119™ and
Sca-1" PDGFRa" population by FACS. (B) The morphology of primary WT-PaS
cells and OSMR KO-PaS cells after 7 days of culture. Bars indicate 100 pm.
doi:10.1371/journal.pone.0116209.s001 (TIF)

$2 Fig. Analysis of the recovery of peripheral blood cells and HSPC in the BM
in Spx-treated OSM KO mice. (A) The experimental schedule for splenectomy,
irradiation and OSM administrations using OSM KO mice. OSM KO mice were
irradiated at lethal dose after 14 days of splenectomy and then a dose of 600 ng
OSM per mouse was injected intraperitoneally twice a day for 7 days. Blood
samples were harvested from tail vein and analyzed by automated counter every 7
days. (B) Hematologic analyses of peripheral blood after BMT. The transition of
while blood cell count (WBC), platelet cell count (PLT) and red blood cell count
(RBC) in vehicle-treated and OSM-treated mice are shown. (C) The total number
of BM cells per a femur, the percentage of LSK cell in BM cells, and the LSK
number in the BM per a femur after 21 days of BMT are shown. (Vehicle, n=4;
OSM-treated mice, n=5). Data are shown as means + S.E.M.
do0i:10.1371/journal.pone.0116209.s002 (TIF)

S1 Table. Primer sequences for real-time RT-PCR. All primer sequences used in
this study are shown.
doi:10.1371/journal.pone.0116209.s003 (DOCX)
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HIZhDw >

HEV M BT 2 BFHXEF YAP OEMERIH

I. BU&HIC

R BT AN OHIIE, HEOW 4 AR
HEEEOHFFIILITH Y, I OWFITHREERAER5E
BALED., BAKHR Y 7V EERKO—DOTH S
Hippo #&#id, MifuooBiss, A48, 51k & flf L T
MBI 2 (RO =ML, HEOH A4 ARk
EEEEHEFRE LT3, YAP (yes-associated protein) &
FD8F 017 CTH D TAZ (transcriptional coactivator  with
PDZ-binding motif) (&, Hippo #REE O W.LAY 2158 % 472
KRR ”“IZTIJ»»T—T“%% YAP & TAZ 13 & £ & @B T
S OFTE % A L CHITBS M 4 Lﬂﬂﬂﬁyﬁéﬁﬂrﬁﬂﬁ‘%b
& T Hippo O L7 2 7 ¥ — & L THRET 5. JLETIE
% k% Hippo 0> 15 o> il SASHE A %#L-éh Hllla
DI B M/ R B B Ml & oHERE & v o 22l
N DFEALIKFE D 1V 12 X > T Hippo FREE O W AT (2l
MENTVDIEBPS2I R Y ODOH D, AT,
Hippo #& 8% D LR E % 5 YAP ORI IC B K %
ST, EEROHE T L WARFICB 2RO R 25
YT 5020 E LTHBT AL L BIC, A
B S I L7 MR IE S & A L 72 YAP O F 7= 2 il
BRI BT AT E R N T 5.

2. YAPILLBB|BEYV I XEHEDADHIH

WEOYA XL, T2 Mo & T4 oMk
ORES] XI5 THEEZNTEYD, Hippo-YAP #E B I1Z
BEICBU S (Ml oz (B, —7, s
OMNEDOKR & & | 1L HIRIRGE % AT 5 mTOR MM IC X

VRO SRR R FE R A B LA R (T113-0033
Eﬁfﬁ‘%}iimiﬁtiﬂﬁ 7-3-1)

¢ BURTEERL SR o M th e EF S8 T S8 AR T A A W 557
Regulations of YAP transcriptional co-activator

Shoji Hata"’, Toshiaki Katada' and Hiroshi Nishina®
('Laboratory of Physiological Chemistry, Graduate School of
Pharmaceutical Sciences, The University of Tokyo, 7-3-1
Hongo, Bukyo-ku, Tokyo 113-0033, Japan; ‘Department of
Developmental and Regenerative Biology, Medical Research
Institute, Tokyo Medical and Dental University)

B EiY, B e, R Ee

Hippoﬁﬂ%

f /W\

1 Hippo-YAP #ERIC & B & E ¥4 At & 5825 A4

DHSNTVLEZEFMOENT S, £ DYE, #
HOH A4 H‘ﬂlﬂ’ﬂ@’f‘ﬁj R L TWAY, S
Ll EDW L OPDLEEICB VT YAPRFEIZTH A X
DA EN TS D &%)\méﬂfa‘o D, RRICHFIICBWT
BHETH L. <7 ABOFIZEAMLIZB T YAP %
BRFEH S5 L, WHEENMROBMASGE L, MF ke
REORH 5% IZHEFF STV B I E T L 255 25% 12 F
TWART B I EHRINTVBY, BIRENS L12, K
DHER U7 YAP ORBFE L P15 5 &, &t
DY 4 RIWZETRERL. 2, FEOT 4 X205 YAP 445
R ISR SN TVWE IR RIELTWS, 5
EHIEICh>CYAP OB EFHET S L, Wl
WRADRIEEL, WHPFAZELL PO T ET oM
FORAERIBNT, YAPBETERZ 7/ L5
PHIRLTHB Y, YAP DB OB DO T
VIESNTVWBEZ L0 S, YAP I AMETFEYT
HHZEDPWELPE RS THBEY

3. Hippo BEBICEKD U EMEE AL 7 YAP DHEEEN
ik 20

HFLEIY @ Hippo B D EEMLHEF X a v YV aon
I Hippo DHET 7 CTdH A Mstl/2 {(mammalian ste20-like
kinase 1 & 2), Latsl/2 (large tumor suppressor 1 & 2), Sav
(salvador), Mobl (mps one binder 1), YAP & TAZ B &
U TEADL/2/3/4/T# %" (B 2A). YAP & TAZ 3#s5 4t
BETTHY, BEEHIL N AL Y E2HTHHDODDNA

EA N AL YRR ZOkD, YAPIIBNIZ TS
FEFELBERTEHEET H I L TEL DEE R0

S S

HALS 4586 %45 42, pp. 464-468 (2014)
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L S

A

YAP (human) || TEADBD
143-3BM

ER2AE Yo
® ®s397

- ed

-S397

- K4S

K497

| Transactivation domain | ll 504 a.a.

SH3 BM PDZHBM

2 Hippo BEEIZ X B YAP @) »ERALHIM
(A) Hippo RO, (B) YAP @ F X 4 »#5%. Hippo I X 5
S5HETD ) YERALEA (P) E#CEEENETEF ML (Ac) B X

T A F VLI (Me).

LT LBETFOREALFET S, T, YAPORREE
FIEAET HEE R TIX TEAD TH Y, TEAD (Z Mg
FEDARAE A ILFE DI B 5T 5 MIZTFHOFEH -
TWwhb,

Hippo ERRICBWT I FF IV nERKE LToOHEE &
T, Yy /b F o FF—FD Mstl/2 & Latsl/2
CEBFF—¥HAr—FTH5H. Mstl/2id Latsl/2 % 1)
YEALL TiEML S 2 A, HMAL S 7z Lats]/2 1E YAP
DOESHFOL) vEEER Y YBT S (K2B). 127%H
DY) VRIS vk B L, 14335 V8T HHZ
DIBAICERRES TSI 2L D YAP Il E I ss
B ZTORKR, YAP OFHNRBTESEH S T YAP KFF
M BETEREFRCHEENS. 72, YAPOITH
HoxY YERIEN Latsl/2128 D) YEMEE sk, ¥
FF VA -EHEEREOMEERASEEIN, YAP I
IEFF L TUTT V- AREFNIISHENEY. 2
? & 912, Hippo BgI1Z ) Y ELE AL T YAP OMIEA

BELZELEZHET A & T, YAPIC L 2MaHEm <
FEBAMEEBEROFTELIH L T 5,

Hippo MO X ERBHN 71X, & M2 oMEwIicEs
BAEBYEICBTHELWIZIZEZRE SN T3, i
KIRBEEESRThARVL O, —Eo BAIEEAL A
TR SN TS BUTEBREE. Hippo fEH ORIR I 3
FERRIZ B0 5 5 2L B 355 T- 7 (Mitotic Exit Network)
R HBERHIC BT A RBE K 40T % (Septation Initiation
Network) 1 2HBHEEZLNTEY, FEBRRTHRE
SNTWBRETTERL, Y7 PEERELIHP LT
57 YAP BB SN Tw R wb oo, JERE
EYWTHDHTA—NBEOENEMIEEY Capsaspora
owczarzaki \AIHEFEEINTWAEY, TOYAPKRET LI
et A AN 2R T2 el aryasnNLr
WRBITICE DRENT WA, T D72, Hippo-YAP £
BRI ERICIE S R S MR o ERI S CH 5 &
ABTIENTES.

T AR

Hfbip 86 HBH 45 (2014)
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O A

4, HMBEOEMREZBHMTI7IF HBERICESD
YAP O 5EMEF

AERREI BV CILECR DA OB BT 5 i< H
PRIV & B L 2RI D B, MC & 23
MR O EANTHSE O HEHEMFICEECH ), TOEE
P, IR VRS AR HS B % (contact  inhibition)
D) BRI R A S N AR E LA F T A 2 &
A5 HRE SN A, Hippo FEEH ML MU & - T
b s, EMAEOGFIREE LTRSS Z EAV9RE
NTWwaY i, LEMBE s S 2MBmSEac
Lo THEEE L oMl & ol I3 LT 5. LRz A
HRFNICE o TEE SN 5 FR BB OMERE, Wi
OFFIHBEO—>TH Y, ZNOHEE L M T
YAP BSEHAL L TV B 2 EAURENT WA, EERRE WD
&2, Hippo BEO FHMBEAT L LTHESNTWw5E%
COGTFH, BHERE, BEEE, THREEEEERORMK
HrELTHmoNTnA.

MBI B L2z n 2 TR AR M L T
D, TOL9 BEMICE BN EWMBWEN ML T,
WP HEL Vo8 F ST RHMAOET EHIE L T
b, TOF U EOMMBNERKIIOX) 2WHENE D
BANEHSTVWBED, FOY T FIUNYAP B I U TAZ #
AL CHEANTORETRBFLICES I LANTERH LI
o2 Bl 2 MIaAEEOMEAE - & &Rl
ML D - TV A AL, BEEEAL THIENO T
7F CBMEOIRNDIDEED, YAP BIX U TAZ OF AL E
FETD. T rF BN S YAP OEMEALICE B 51k
R ARIBI 72 232 W%, Hippo FEBARAE MY 20 Bkl & JRIR
HRRBRESRE SN TWD, BRENC &2, WIRE
HECMAT, GF /87 B mEMEZEMR (GPCR) ¥ 7 F
WAZERS E otz TIFUBMOBERPA I L AT 7
AN—DWIR % FHET HHHD YAP DIEHALE FEST 5
CEDES N, F, FEMIICBT AESEEAD
MBREMNET 7 F SRR L TB Y, BEKAK
& o T 3 N5 LEAMRIREIZIE T 7 5 2 MlE % s
WTHDH NSO END, MOBEMIRE KT L
T 7 F AL EEOBILITESE LT YAP O IREE %
ML, MR, Sk & v o o MluBkRE & s
LTwhEEZLNA.

5. PEFIMEE A FIEIZ KL B YAP D ¥ /- &l
Big

1) ZEFIMEIZED YAP OFIH
FRO X, MBI BT B YAP O HI SR X35

WZIRRT ST W B DS, YAP DY EERE S 2 BP0 T OBl R
KOWTIERHLEEIS V. KLAIZIORIZEHL, YAP
O¥NBAT R FHBET R A L TEPMICBITS YAP
ORI EIREL, YAPP T EFMbans
ERRWEZLRY BITORKE, OYAP O C KR ED
QMDY ¥ FREE (K494 & K497) 7 b FVbIE %
FFHZE, @QYAPOT L F MEBSHNICRAET AT &
F WALEESE CBP/p300 I L o THbNILTWwB 2 &, GBT
L FMLEEIBEIESIRTI THL L, @7 EF 1L
WAL OERIZL Y YAP DIRBHEUALAS LT A L %
Rw7Z2 L7 (B3A). CBP/p300 ik YAP & R A#IC#2 5 3
BHFELTHEETL L2 TEBY, /2, SIRTI
bV hF 4 vy allilE i U CHEE -2 RS
LBIEDBHONTWAS., DD, THHDOEEEIL YAP
OF £ FVALREEHIM L T, YAPIZ X 2 =T RS

A
¢~ — "
S127 )
K4 K497
812@ CBP/p300
»
P E—
K494 K497 s'RTl
B YAP F-actin Marge

B3 YAP OEIEBIEM & AP R AL

(A) YAP DY Vit TEF ik, . X FLALISH & il
% (B) WA YAP (RE) CERBYAP (h, TE) @
<7 2 BFHIIEN R AL

R R

AL B 86 BHE 45 (2014)
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0 S

HERHLTOLTRESEZERLOND.

2) E/ AFIMEICEL B YAP DFIE

YAP DT 2 F MALEBIML D —D>TH B K4 E, ¥ av
TaunIhb MIEL T THILEEEICRES T
AT IVBERTHE. BLx3 Zaph HOTV—FT LDt
FIRFZEIZE D, YAP @ K494 2372128/ A Fn{bsh b
ZEERWLMTLA (M3A)P. BITORKE, OxF ik
BESE Set7 DS YAP DF J A F WAL B L OB e sEmifa©
DOHIE~NDBIFALICLETH LI L, @Set7 # /KB L
o= ADRE LRICB W CHIERMI OB 2 £ ) KRR
FHAELAHZE, QT ORBMIETIZ YAP OBNBEL
TLHE L TRERTHROBREITTET 2 L2 w2 Lk
BRI BT Set7 X FICHIBEICRELTY
B EHNS, YAPDE AFMLITHBETHELTEY,
YAP ZHINBE ST 5 -0 L TWA I & ARIE
BN F/ SetTREY T ATHESN L FHM T
Hippo BEE DT L o TE LU A ERBB L AP L T 5.
INLOFRIE, ) BB AZ T, £ 2 F LB
il & B YAP OFBEREHIH b A OB E M ERIC BV
TEELBHZH-TWAI EZRIELTWS.

3) THEFIML/ES AFIBEDOEZEICHEET S
PDZ-binding motif DIERE

YAP DT EF VAL E I AF VALERL TH 5 K494 D C
Ko7 I/ BHEREIC, PDZ-BM (PDZ-binding motif)
PHEET S, 43R, Z O PDZ-BM A&k~ 7 AT
TEDFEEMIIZBNT, YAP OBNBAEICLETDH S
ZEERWZLZY(R3B). BARO YAP (WT) EFE
HHEIZ B CHIBE I RTET % 4%, Hippo REEEIZ L 5 Y
UEEALEAL R T T = U RERICER 72 YAP (5SA) i
BRI RET S, L L, PDZ-BM %K%k L7 YAP
(BSA/APDZ) EHNIZBET A LIZTELR V. YAPD
HIENRAEZHIHT 25T HO—2L LTPDZ FAAL %
9% Z02 (zonula occludens 2) HHESINTWARY. &
DD, YAP DT kF VAL EJ A FNALILE D PDZ-
BMORRICEE2 52, 702% EDPDZ K AL V&H
FURTHEDHEEH 2 BAL S ¢ 5 T & TYAP OMifE
NBEZHIEL COBTHEEIEL OIS,

UL URBREITT F VALIBEHE & A F AL & [FIRE S
FAEILENRTERNI ENS, VY VEEOBHIREDE
RIEy o7 BORBEET D BRZBAL v F & LTHLT
MetEAd s, ThETIC, EXAFVHIDKIBTLF L
e MU A F LD E 2T, IS OEHN s a< T
VBB OR L v FOBREMERLTZENMSENTY
AV ENWZ, YAPIIBIFTZ K4 OT7 FVibe €/
AFNALD YAP OBREZHIHTHEAL v F & LTH &,

B RO R E LML N R FERI A % 38 5 W REMEASE
5.

6. BHUIKE

BEOY A4 XHEBBEIEOCEARETH 57228, HED
WEEDERICE D, BEY A4 X2l 5 HIEN D55
# (Hippo-YAP M) OFER L, Mr oM ELINT
WABIRN (FH) AMBANEET A0 FE (775
AL ERIC X A EMEROBH AR N L L) DDH 5.
COXHRAAEEEE LT, BEY A JHEEE B
TVEREARWELZEDOS Y, BELRVEHMBEL VYOS
OREIBE Oz ) 2D 5 5 THREOHBHESHRF S LS.
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0

FEETH
@ BB (i LoD
AAAHRALS RN R (PD), K
4 7( PSR R L BE TR,
Hagidd
MEEAE 1983 4EHF KR ICA 5. 2006 4E B
ﬁ%’fﬂ")ﬁ%iﬂif?ﬁr’%’f%ﬁ@%‘é 11 4R
R PNy G T R g Rt S e Y
1877, 08~11 48 H A5 i 418 B 25 4% U 49F 92
B (DCD). 11~13 fEHURTER Ak A2 ik 0 R BT SR A AR 4T B)
#. 13 4E X D B
WHARF—v EEE  EENGHAREE O % Hippo BEE O
PHIT->TWE. BHESHNL FAY - N FANV 7 KE
Elmar Schiebel if 72 % & O LEsE D 7z, R ogEM. F A
VR LA
WY x7H4 8 http:/www.f.u-tokyo.ac.jp. “seiri’
WEs B V7 TSR

A
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Hippo-YAP< JF )RR DEE|

Roles of Hippo—-YAP signaling pathway for liver formation and liver cancer

FERMw  (TRHEE

Takanori CHiea'? and Hiroshi NisHiNa'

YRR R R R LR S A TR A e I, PRSP BRIE AR IR RO T M ST 20

OFflifEHE - EQHE - BEL EORH 21 LY, EEVEOBESCHRABOER - iRk ESIKICH 2 385
EELTEY, EROEEEH#IFCVERREBECHS. FT0LOEGBHEHIET50OIC+2 LT
ERBETESLIE, U 2RIiCBYAREY A AFH 2R TV, FF, BRASHREERBOVEDT
%% Hippo ¥ 7 FVRKRY, GELKEFTH3 YAP DEREHEN LTI IXOF Y1 &MWL T3
ZENBES LB oF. Ei, Hippo-YAP Y7 VRREFERECHREEOREICOMETZZEHR
HERTW3, S5IERETHE, b FOFERER/NMNEOEERRICH T 3 Hippo-YAP & JF ILEROMES
FRBTABENLMBLBBCMEINTVS, KBTHIDOLHILREOHMEERER, vV AELUE
FOBFIZ 511 3 Hippo-YAP & 7 F LR OEENC DWW TRAT 3.

ﬁ‘,g\;d : Hippo, YAP, BFYAX, BFE. IBERR

P DL M RHADRETH Y, 2D
HEEA 2 AG ORISR T 5. MRz &
T 3 NI e S (PR, RS s,
T8N £)CH 5. JHE, T2 MRS 2 HEss
MBI 5 C Ll K DIERES B, WHE, IF
AT B IH ) B2 Ao & ) i s h
T3, MEFLLR £k b RbiEh 2115
5, 29 LAEB RS S S ek ic
WL, RSS2 IRAET 5. TRET
W oHa%cz Wi 2 X B = AL AWTH -7
%5, IEERIC R DIRA IR N O2H B,

- Hippo-YAPY &' LIRS

Hippo & 7"+ Vi H 14 mammalian Ste20-like
kinase 1/2(MST1/2), large tumor suppressor
1/2(LATS1/2), salvador 1(SAV1), mps one
binder 1a/1b(MOBLA/IB)iIZ & h iR S hTH
b, Hippo ¥ 7 F UK IIIESELERTTH 5
YAP% Y V¥ 3 & Lic & h EUSli$ 2 (®1).

P

@orvip. 6
CLATS /2

l Hippois &+ L& 8k }

o fARRIRAREE

o FRREER

s G iBlRREEE
OB L 6 E

1 HeOHMBEE%HIHY BHippo-YAPY JHIVERE

MER iZ Hippo > 7' F MR D L4 +C¢H H, Hippo
T F ARG YAP 2RI T 2, YAP 342 ofl
HOEE 25 &K BT DB EHIHT 3,

ES0HMaH Vol 251 No. 5 2014.11.1 | 405
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HER/FER

+Dox
—Dox (SR YAPH SR B)

FER/MFER
#95% #925%

+Dox
SEELLE

FrmRaEseiE

2 SERYAPEBFAILL BFFOY A TR L FFBRRE
Dox KM/ YAP ZBFFEBIT 2 Tg =7 ADNF, (FHI59 2 IFTHDW

AN 5% BIETH B0, Dox #f

545 Ef25%RINT 3B, LaL, Dox D

Lol y s elFoy 4 X5k s, —75, 8MINBLL Dox & fifilvicfs ¥2 &

HFEg A U 3,

Hippo¥ 7 F MR L »TY YL 7= YAP
AR e R Ak oahn s, —K, Vv
{LEZU Ty YAP G & U CTHIACliR
BRT AL, YAPKENEEGET 25
4%, Hippo ¥ 7 F VRO RENZ LS T
ELT, b b IR O FIRMRET & L
THIE & N neurofibromatosis type 2(Nf2)WHE
Thia— F9 2 EHEH merlin(MER) B4 T
W5, Hippo-YAP ¥ 7 FLEiix, filgr <
DORENE & L TRIBENE, MNNEEE AR (contact
inhibition), L RZIRIZEENE (epithelial mesenchy-
mal transition), WHINUAERE, &8 X CITHIIEDNR

S Ehdrbd 2 A Eh TR,

- Hippo-YAPY 5 JUBHIC £ %
BRAR~N 9 A DT Y 1 XHlfE & S

2007 4EiC Dong 5%, F¥ ¥4 7Y v (Dox)
WAEMIITFC YAP Zif8fIFR T2 7 v AP 2
=y (T =7 AZFEH LN E2), ATgw
DA EB VT Dox B185-F 3 &, IOy A4 Aol
ey AL L TR S i Ecim Lz, T
DY A4 i “HEoE” & “filzokEx” Itk
DEESN DD, A Tger AR bic “Miao
B ORI LD ITDY 4 AHIKLTwa 2 &
MBEHSHE LR, BRFEHT LIZ, ZORKL
72 WFDH A Xtk Dox 5% Wik § 2 L mic RS,
Thbb, YAPIC & BHFD Y 4 XHl4E AT ek
THBIEWREN, —7F, SEML LR
MliZH 7= b Dox 2185 LEilT 72K Tg =7 AN

4086 | ERDHKpd+ Vol 251 No. 5 2014.11.1

% F8E L 72, ML o&E» S, YAP I3 "M
NHo#” 2HMiT 2 2 ko & b TFo34 X
LTED, ZovA4 XM b 7 5k
BT ER L FZoN S,

2009 4ELL% I 1, Hippo ¥ 7' F Vi ORI S
TR/ vy 277 P KO) Lize T RAD
AT D ESE LG &N TEL(FE 1), MSTI
& MST2 Dl DHFRF V7% KO = 7 AR UPAELY
Dy ALIIELTEE 2 2 AR CIFOY4
AW SR FE TRERL, BE3I~ A HIBWT

IR 2 ST 5 & LMD TN -7k D
RENLTD, SAVI DIFRERYE KO = 7 A3z
{&4 A BOTHFOY A4 D315 FFFRELIZRIR

L, &8 12~14 71 A Z A e TR <0 I A A EsE

%mfaw’éeh,mu&urmmnwm
BRPL e AGEB 1T A I3 % H#
fE3 5%, %7, Hippo ¥ 7 F Viglko LifaT
TdH B MER ONFRE Y% KO w7 ARITOHF A
AWSE~T EREE IR L, EBT~12 0 AicBY
IS <o NE M % S64E 4 2 100, Bl ko
X 912, Hippo ¥ 7" F VM ORER 57 Lifks
FOKO=D AIZYAP Tg= 7 A & RO
A AR LUIHEZIGET 22 LMo b Lo
7=,

W YAPIZ & DR RFH RSO
v 7 ANFOFEE N 8 H(BE8) A1z, TGN
IO FEFRIREEND Z L L HIGL X
%, FodtEoRET I, FRIRE OIZR SR
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# 1 Hippo-YAPY 7 IR FOBRFHRE YV ADOERBRE

5 METYEeT A Fo9 A4 AW | IFWBIR | ik
; N+ - + 23)
MER Alb-Cre N2 + + 10,11)
Mstl ™!~ Mse2t/—*! + + 5)
Mst1¥/ Mst2™/~*2 + + 5.24)
Alb—-Cre Mst1 ™/~ Mst2¥f + + 5)
MSTL1/2 | Ad-Cre Mstl™/~Mst2"~ + + 5)
Alb-Cre Mst1V M2V + + 6)
Alb=Cre Mst]™"™ Mst2¥ + AR 7)
CAGGS-CreER Msil™/~Mst2"~ + + 7)
Sav*!™ - + 8)
SAVI Alb-Cre Savl™" + + 6.)
MMTV~Cre SavI™* AHLIR + 6)
CAGGS-Cre ER Suvl’ HEOIE + 6}
MOBIA/IB | Mobla™*Mobl hH/**3 A HAR + 9
VAP Tg:ApoE/ITA + + 4)
Ta:LAP/ITA + FeFoilk | 25)
*IMst2 D7 LARIEAEL B LRSS n S,
2 Mstl DT LILRGH L B HBIBRHmEN S,
*3: Moblb D7 LRSS L B LRI NS,
4143058
PINRE B OEE
/
gap B
TR AFPopEE

IR

3 FHSREMNYAP KOV RT3 FRIEERERB ORI
AT A2 E VT B IEE AR IZIBGHR, E185 T ductal plate (2 & b ¥
ERBEAIEIE S h, A8 30 B IR IEH R IFNINR ST S 5,
T PRI YAP 2= 7 21 811 2 ITWIEATIBIEMGE, E185 Tt ductal plate @
IR, WM L A BB S hToled o, X, Lt 30Tl
PPN 4 58 T o e

%, IFPIIRAE OTZEGERA & U CllE, E155 T O—IBIE GG ERT 2. 208, HHENHER
AR B 9 2 045 B BN A 2> & & A fRR T OB DA ENITNIEE &b, B
(ductal plate) IEK & 1, HERTIC ductal plate H @ ductal plate {2 IBT$ 5.
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#® 2 k MFEEHippo-YAPY T IVEIRBER S F D HY)

9 N ik

yigp 2L 13 61(629) I T, GINGEL MSTIGRHEN MST1) 290 L T | 5) ]
35 el 30 4(86%) DITRINIRG T, U vk MST1GRIER MSTD A L T 13)

LATS | 783 X TOIHHT LATS il S 4173, 7 60tk 4 B1(57%) DITFAIIET LATS B S e o7z | 14)

MOBI | 21 )¢ 15 ) (71%) O NF IS T, U ik MOBI R MOBL) 25 L T ' 5)
YAP BT ELY /7 AHUHE(11q22) A3 & 410 > 5 RN % TR0 72 15)
33D BERFS Y 4 N A (HBV) Btk 124 o T SHIUHS o M5 UL IR0 & LEIE L TH o YAP @ | 16)
mRNA SEEURFIC 125 L Tode, YAP & HBx(HBV #52 — F ¥ 2 HET) Offf mRNA OFFHL i
RIEOKMYH -7
20 i 13 B1(65% ) DITHINYM T YAP OFEBUITLEL Tk 4)
177 i 110 ) (62% ) DIFFINUHG T YAP D5EBI% #o, K3 YAP REBICHAL Tz, YAPEEME | 17)
&R U C, YAP BRPERFRUMORG 2 S MU AFP A3 <, oo o7, &/, YAP BRI & IL
LT, YAP BRI E o h IS 2 o 7

YAP 70 Bel 47 () (67%) DNFIMA T2 YAP B3 SR L Twde, PHOIWIUF LILKRL, PHOBE-IL | 18)

D IR HITAED YAP Lt AFP D% B8 2

115 fsilefr 63 (54 %) DNFHIIAE T, YAP IR FEBIL Tk 19}
21 Bl 7 $1(33%) DI T, YV VML YAP(RIGHES YAP) A LTk 5)
70 D NFRINE, 16 A DRI, 22 MONFEEIRO IS T YAP EMICTRE L Toik 14)
103 {512 67 51 (65% ) O FFHINEHG, 62 {71 61 51 (98%.) D MAR IR, 94 B 80 (] (85% ) DIITHMIT YAP | 20)
BRICHFIREL Tk
YAP [5fh & gL C, YAP BREIT I AU IR AFP fitDsi £, o biEsslh o7, £, YAP | 21)
B & LGl LT, Y AP BtENTRIN LA o LR3I (S - 4

FEW DI B 5 YAP OB LT
B INE TS YAP KO v ADMER E N
7o/3, B8L I Ak nEl LT LE S &

DINF DA TH » 712, 2 ¢ Zhang & 13
PRSI IC YAP % KO T3 I EiC & hESEER
WG BT LRI L, BT RRA4 D §TAl %
Tl 2 DfiE, $vﬁz@Ew5'£wr
ductal plate i & 2 HMHGEDBIRIZIZ LA LR
O oY, L5308 TEIEH RIFPRIRE TR
NI EBRENAL(EI)., i, A9 TAD
RIS € Y L ¥ il alanine aminotrans-
ferase (ALTMEAS LR L TR D, &5 I1)FosiHE
hEELZLTe PO Ehs, YAPIR-Y
A DIFHIEE DIZRIc IR TH B Z W Sk
o,

{}wmmq%Pyﬁfwﬁﬁm$%
k MFERIES b MEERZE O RIE
HLAE, v?xwmlkw&k,tbmﬁwf%
HEFEIE I Hippo-YAP & 7' LB Hsii 4.
WBIZEBHLEMIEIN TV BE(E2), Hippo~
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YAP & 7' VAR DTSR (< G B i,

SRS 38 V> T Hippo ¥ 7 F VRS A IG L
ENTWV3, H30IE YAP LI T2
EFZzons, v MEEICEY B Hippo & 77
BEEORITERALIC DO TIE, TR E TIC MST,

LATS, % &Uc MOBL 24 2Hi& i 3 nT
W3, 7k xiE, MST L -Tid 21 v 134
(629) %5 & UF 35 Br 30 5] (86% ) @ & b At

TR IEREHS & LRl U TG T MST1 254 L T
VWA I EWTANEMY Fi LATSIKBL TR
7B 4 1(57%) D & FFICEBWT LATS f&H
BB Shikn I EREINTHRY, &5
I MOB B LTid, 216 15H(71%) D & »
TS i JRA0 & LRl L O MOBL A3
WAL THB I ENRINTnBY,

2006 1z iz & MIFRIEE I B W T YAP RHET
BEre&try /7 AU (11q22) BB I N Tw3 Z
LG, YAP S bFARIEREIE 12 B 5
T5IEMNREENLD, D, SHETcE
G & YAP T 2G> Fo¥ L adnT
BH, b MIFAIERE TEIBEE L IRk L T YAP
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