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Es;ablishment of experimental models for the study of congenital cytomegalovirus
infection
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Congenital human cytomegalovirus (HCMV) infection causes neurodevelopmental
disorders such as mental retardation and sensorineural hearing loss. To understand the neuropathogenesis
of congenital HCMV infection, we established experimental models of HCMV infection using induced
pluripotent stem cells (iPSCs) and several neural cell lines. iPSC-derived neural stem/progenitor cells
(NSPCs) and the cell lines were susceptible to HCMV infection and allowed the expression of viral ?ene
products. HCMV infection induced apoptosis in NSPCs. To explore key molecules of CMV-induced neura
disorders, we performed microarray analysis and assessed changes in cellular gene expression induced by
HCMV infection. We identified cellular genes which may be involved in the mechanism of HCMV-induced
neurological diseases.

iPS




B X C—19, F—19. Z—19 (GtH)

1. WFZEBIA Y DY =

FeRMES A AT T A LA (CMV) iKY
JEIZ, VAN RIZEDHERKRGYESL LT D
BEPED R < AR RIEE 21X US4k
ffgnfEE 2o E 24, 2Dk, EREY
WORBICEKRBEBEERIITZENMDL
LTV D N, e RIEYL IR B R g 2
WELOMMME F O, RS MR 2 LR A R
JEDRBIEMFICOWTIIARBAR SN LD >
770 ETo. FEREGIRIZB T DRI A OF
JEDOH ML O FEEE % B> EfEIC
BT 570K HMRIE 7L ST
BOT. ERBYIR ORI U=y 7 =
YR — N2 EBT 5 ETHHHEZM IR
DOWMESLITEEFREE & 2 bz,

He KM OMV RYE I 3 1T 2 i i) & PHIE
RS D BT, MV YT T VI BB A
Ge e L 72 BN TIVE TIE—E 0B
LT TA Ny MR EEAWEREET
ABHNWLNTEY, SLICHEAEOEN
CMV R EF L OB N EE Tz,

2. WHEOHE®

e RME CMV YLIE 12 B 1T 2 K38 B =0
JEE PEEEE 72 SRR A OHE 2 P53 5
ECHT A OW BT VRS L. F OIS
I &0 iR BEERIEM T O, B LW
MR RIEEMB AN~ — ) — R %
W32 2 & T, YRERBIZEIT DN
AOHEOTRICET L2 Z 2B ET 5,

3. WrgED kL

b RRRHESESRERAARE MRCS 2L 4 [R+4E
AL TERM I N A T %64
(induced pluripotent stem cell; iPSC) &
L T MRC-iPSC-25 #ll o % ff /i L 7=,
MRC—1PSC—25 i 7> &5 SMAD IE s ER D —H
FHERIZ E DN TOMEFFE 21TV, fPfRe -
ATERAMAD  (NSPC/iPSC) Z /L L 7=, CMV Jfeiy
EBRIZIE, Towne BEd DU ML AD169 Bk & W
776

R EW I OO & s+ pEY) O %
BURILOFEHTIZ, RT-PCR{E, W A X T 1
v ME, SERGOIEIZEI VT2, v A 71
T LA ENTIZIL. Agilent Technology #hil
SurePrint G3 Human GE Microarray 8x60K v2
LT,

4. WFFERR SR

(1) & b iPSC 3k NSPC R

bk iPSC HISRMPERME 2 W Hi7= 72
CMV &P T VOMSE B E LT,
MRC-iPSC-25 HHfEh & /0 LIz X - THifk
B+ BiT BRI B (NSPC/iPSC) & 1R 8L L 7=,
NSPC/iPSC IZ-DU\T, NSPC v —H — DL %
fEMTI A 72812 Nestin, Sox2. Musashi-1.
Pax6 72 P D3EA RT-PCREE, VXX LT
0y ME, SERRAIEIC L VT LTz, £ 0
FEHLONSPC & LT~ —H—FHENNE— %
RLTWAZ LR ST,

(2) iPS #if¥s K ONNSPC/iPSC I2d31) % CMV
JRYLRZME & ONV &\ s R EAE U B3 2 fif
Hr

MRC—-iPSC-25 i Fs &L OV NSPC/iPSC (Z%f L
T CMV Z SEBRmIC R S8, CMV (2% 2 &
YR MEe MV 3R R B & T L 7=,
Z DOFER . CMV j&Ye NSPC/1PSC I XA IaZEE%)
REBbhoMlEEREEILERT & & BT,
CMV B {xFFEW 1E1, 1E2, vIL-10, pp65, UL36,
UL38 ™ mRNA % RT-PCR iETHH L7=, F7-.
IE1, IE2, pp65, gBIlZOWTIE Y = AKX 7
2y METKEEAEORBA LR LT, 21
HOFEF- X W . NSPC/iPSC 1% CMV 1Z%4 % J&
Yues ME 2 (R L, OMV R Y% 1213 kE ~ 72 OV
BETFEDORBDFEINTND Z &N
HOMNE o=, NV BRI BE T 58T
PEMOFRBUZ & b e, FRRRLF A2 EA LS
HTELHABNE ST,

— . AL FHEFT O iPS M TH D
MRC-iPSC-25 HHfAIZ CMV Z R KB 7-541C
L. IE1/IE2 BEAE 2 E OW BEs 7Y D%
RixFELLMEl s Ty, mEgRak<T
IE1/1E2 BEE AT 5 Z LIXRETH -
7o ZOFEE LD iPS HfE MRC-iPSC-25)
& phfkie « BiTERAIAL (NSPC/1iPSC) & D REIZ 1%,
CMV 15t~ 2 UL SZ M0 CMV (B 588 &
HET DMINEEICE L TERANRELT
WA ERIRE I LT,

(3) R R AMALRE 2 N 2 OV YT
JLDFENT

NSPC/iPSC & & H1T. #HE Db Mk RE:
FHBARRIZ DWW TS . OV YR P oD A7
BIO MV B EEWRBER T LT,
AW T, MRAREEMBEE LT
SH-SY5Y #lifim, U373MG #fE, Hs 683 #iifn % H
T CMV R YL EBR 24T W EEI R R L7228, W
PTHNOREFEAMARIZ BT H OV JEEYL T kAL
L. CMV #E BB E R 1 FE D5 BL B RT-PCR
EX vz AZ T ry MECKX VRS
Too FTo. CMV JEYSAMAE T A 28 M h S & JE
PSR EELEZ R LTI, Zb DR
736, NSPC/iPSC (212 T 2 B REs %
MR OV R TF VAW T 5 ETHA
ThdEEZLNT,

(4) CMV JEYLIT K 2 1 T e S5 S A - |2 B
ERAY. %D

CMV |2 & B iR RFEERIEM T & LT,
NSPC/iPSC {Z CMV 23/@&¥%sd9~ 25 Z & CTT AR h—
VAZFEETSHZ L& TUNEL (TdT-mediated
dUTP nick end labeling) {EIZ X Y BH L7,
WIZ, CMV JRYZ L B 7R b — 3 Ak
DUV THENT L72RE R, CMV YL IZ ds 0
TH A= 30N 23— 9 OiEMAL I EL
BN, 5T, BAR—PREIEELD
BEFICOWTIHIT LIZRER, Y hoabceod
R hay RUTANRH L b N sy
WA BE ST, AT, /MaEA kL
A DO v v Y — 45 F+ T b D



inositol-requiring enzyme 1o (IRElaq )X
PKR-1ike eukaryotic initiation factor 2a
kinase (PERK) ® U v gfb # @B 7=,
C/EBP-homologous protein (CHOP) # =t — K
T AHEREFEMS X-box binding protein 1
(XBPDRNA DA 7T A v o 7 i b Bl S
oo THUHDOZ NG, CMV JEYE NSPC/iPSC
IZBWT, I bz KU 7THREREE S/ Muigk
A M AR (Unfolded Protein Response;
UPR) S 1 AX—EBREEIEMHEALICE 725 T
AR —VAFEIZEHE LTS EEX BN
77

(5) Fe KM OMV JRYLREIZ BT B AR FR A OF
JiE B 7y DERER

SERVE MV RYLE T35 1T DA & 0F
JEIWCE#E T AN F~—h —BRB LM
RFHE OHE O FIER PRl 2 B & LT,
CMV J&¥L NSPC/iPSC IZ38BW T, w4/ 7T L
AN L DM E TR BT 21T -7, £
DHEF, CMV FEREYL NSPC/iPSC & ik L T,
CMV JE&HL NSPC/iPSC 123\ T L < FHLLH)
T HMEEEFREZRE LT, 2D OEIE
FHREOHITIL, MR, ek, > 7
WRE, A "L, TR M=V R EIC
BT ABETNEEEEN TV, ZRHD
AR TREIT, 3R B O R i = R E RS
(CBES S L HEE SN D729, RT-PCR £ &
D RBEBOFMAEMB LIz, £z, —#HD
BLEFICOWTIEAS A~—I—L L TD
HRMZBREST 2720, voAX Ty b
ER I VEAE LNV ORBEBHOR
2 AT L 72,

5. ElpdEEGm LA

UdEssamc) GE 3 )
(DLiao H, Lee JH, Kondo R, Katata M,
Imadome K, Miyado K, Inoue N, Fujiwara S,
Nakamura H. The highly conserved human
cytomegalovirus UL136 ORF generates
multiple Golgi-localizing protein
isoforms through differential translation
initiation. Virus Res. 2014 Jan
22;179:241-6.
doi:10.1016/]j. virusres. 2013. 11. 002
@ Taniguchi R, Koyano S, Suzutani T,
Goishi K, Ito Y, Morioka I, Oka A,
Nakamura H, Yamada H, Igarashi T, Inoue N.
Polymorphisms in TLR-2 are associated with
congenital cytomegalovirus (Cmv)
infection but not with congenital CMV
disease. Int J Infect Dis. 2013
Dec;17(12) :e1092-7. doi:
10. 1016/ j. i jid. 2013. 06. 004.
(@Nakamura H, Liao H, Minami K, Toyoda M,
Akutsu H, Miyagawa Y, Okita H, Kiyokawa
N, Umezawa A, Imadome K, Inoue N, Fujiwara
S. Human cytomegalovirus induces
apoptosis in neural stem/progenitor cells

derived from induced pluripotent stem
cells by generating  mitochondrial
dysfunction and endoplasmic reticulum
stress. Herpesviridae. 2013 Oct 21;4(1) :2.
doi: 10.1186/2042-4280-4-2

(3R] Gt 4 1)

(MLiao H, Lee J-H, Kondo R, Katata M,
Imadome K, Miyado K, Inoue N, Fujiwara S,
Nakamura H. The hughly conserved human
cytomegalovirus UL136 ORF generates
multiple Golgi-localizing protein
isoforms through differential translation
initiation. 39" Annual International
Herpesvirus Workshop. Kobe, 20-23 July,
2014.

@ Taniguchi R, Koyano S, Suzutani T,
Goishi K, Ito Y, Morioka I, Nakamura H,
Yamada H, Oka A, Inoue N. A single
nucleotide polymorphism in the NKG2D gene
is associated with clinical outcome of
congenital cytomegalovirus infection at
birth. 39t Annual International
Herpesvirus Workshop. Kobe, 20-23 July,
2014.

@  #Er, WK, BEHEELL, BEEZY .,
Rl AR D78 MR BL , JF BB, DA
hkESE. A R AT T A LRI K B
B - AIBRHE LR A OfEAT. 55 61 BIHA
U A NVAERFANES 2013 4F 11 A 10 B,
.

@kt=e, BB OHER, MEIEY . BTAHRE
. OMHEAGL, S RER, BEERN. B RA
T ZREMEEMIIE 2 W 72 i i g~ 5
BRI HOMV [ YR OffENT. 55 60 [BIH AR W A L
REREAES 20124F 11 A 14 B, KIR.

(X¥F) Gt o )

(PEZE R EEAE)
OiiRdl Gt 0 )

LT
I
HEFIZ -
T -
a5
HIFEEA H -
EWNS DR

Ofsikdt Gt 0 )

SR
I
MERIE
T -
x5
HEEFH B -
BASFAA
ERNs 5] -



(£ Dfth)
A B

6. WFZEiE

(D MFgEREE
Fkt 32 (NAKAMURA, Hiroyuki)

WFgeE 35« 70256866

(2) WFge sz



