2.Nozawa K, Fujishiro M, Kawasaki M,
Yamaguchi A, Ikeda K, Morimoto S,
Iwabuchi K, Yanagida M, Ichinose S,
Morioka M, Ogawa H, Takamori K,
Takasaki Y, Sekigawal. Inhibition of
connective  tissue growth factor
ameliorates disease in a murine model
of rheumatoid Arthritis
Rheum. 2013 Jun;65(6):1477-86. doi:
10.1002/art.37902. PubMed PMID:
23436223.

1. Doe K, Nozawa K, Hiruma K, Yamada
Y, Matsuki Y, Nakano S, Nakano H,
Ikeda T, Ikegami T, Sekigawa I,
Takasaki Y.

Chromatine Assembly Factor-1 Is a

arthritis.

Autoanibody to

Novel Biomarker for Systemic Lupus
Ertythematosus. The 5th East Asian
Group of Rheumatology. The Plaza,
Seoul, Korea. May, 31- June, 1, 2013.
Yamaguchi A, Ichinose S, Yanagida M,
Iwabuchi K, lkeda K, Morimoto S,
Morioka M, Takasaki Y, Sekigawa I
Blockade of CTGF Restores Aberrabt
Ostoclastgenesis 1 Collagen Induced
Arthritis ({ CIA ] Mice Through
Inhibition of Th-17 Differentiation. The
5th East Asian Group of Rheumatology.
The Plaza, Seoul, Korea. May 31- June
1, 2013.

. KRR, BRERNA, EERIEME, K
i, (HEFR—AR, &EIEAEK. B CHUE
HMUTY T~ T RIBITAHRLA
O Pl T & 5 Chromatin assembly

factor- 1{CAF-DIZ x4~ 5 B 2 & eI
DT, BBTHIAARY U~ FFEaiRe -
“FhfriE S AR, 2013.4.18-20.

o HITRERRR, BREFNA, ERIER, ok
it ER—RS, SIS S8 Mx
UF< h—FTRAZBTHHHECHET
& %)
factor-1{CAF-DIZ %7 5 H O & &
% 34 BB ARRIE - BAEEFES. 5L,
2013.7.2-3.

. RCEEKRES, ¥R, B TR,
O, U, REFIESL, AR, LR,
MAEA, B, v — 7 2RIkt
TH7a LA IV EUHHEEED
AWM. 5 41 Bl KRR T2, (Lo,
2013.11.27-29
C BEA, SARE, NS ZHAER
SF, LSRR, HATE N, EIESRL. BaEIC
WMRT 2L RMEMERE 4 2 L7z SLE
D16, BARNE B E M2 598 [[].
#A(, 2013.7.21.

- BRERA, T, RS ZEAR
SF, IUERE, HATEN, EIGER: iRt
MR EIC R LT ha o RRF %
BIEEBENE N TH - 1= IBAVERESH
B oO—Fl. H24aERERY vvF g -
BRI FiT e . #U, 2013.12.7.

Chromatin assembly

H. MM PERED HIFE - Bk

(FEZET,)
1. Frarifs
7L
2. EHHERG
L
3. FOfh
7oL



BAFBB A RRME (B REFRERIEARE K ARV EEE)

Sy
TRPE « AEEORERTRIZ DN T

WHoEt 1% PSS RERFFSERFRIEER S ER T 7 —REFIER

MEREE

Yo X —DOWEEFIC D E | REY DRBEMENT 21T 72, WEDH D
BEADEOOF zy 7HB Y X MEfERR LTz, BEREFTRZHMEL, 21
DIZHE S CTHMPED A E RS T, BIBVEFLE & EHAEOFE & O ikt £
WEELEIZITY) TETH D, SFET XA vy FHIZITW., 747U U ibE

POVEAMEIZR N D BNIREZ # D RIERD R iz,

A. WIFEER

# v X 9 IUFD(intrauterine fetal
death) I3 A8 V2RI D ZE K] & BR{RMAI D 2
EBIMRTHILERN DD, S
B DEHFIEERE R EDRBIRIZRE D
MEELHD, BFAERE LTRE
JFIR 0% Dl D S22 S H DS EE T 5
L2, Y VIEETUETH ST
AN F D EUHRACA) N EE %
RIEBIRSH D2, ZThbDEiEE
BB LIAER, MEORBED a7
T TANMCT 4TV DBILE L,
Z DL 1gG DILEBRRONDF
LANCHE L, Z OEZEBIT,
BEED B VDN TW MR &
IR RERHICE S &5 % perivillous
fibrin deposition(PVFC) & I A TV 5,
DG CORERISOREE LT
bOLHEIND,

WMED DORBERAEIT., BIEORF
ERITVRMICHHREBR T LEHEERD
DTh D, BERETRSC MK DERKR
e & HITRERIED D DL R
Bri. BEMEREEOREBOWIE
1To7,

B. BFEIE

T PE DREA % ERIRARIE & FF3leiZ b
BRETT <, F=v 7 VX MEF|
MLz (R-1), #E - MBI
EEOBREFRZ N ENGHEHT 5
ekl

Emmal T ) [ sales as[ s Ja es[ s
Frts FaTAT SRR

me MRZAT SR AR

s MIT2TSAMES

HE razsrsamee |
HER b7 IARRE S

BERA AR 1
CAM Arizs-Steila

FE wEETo [
AnsHBOsn BEBan

BERT Y _—
REBETT)Y

mERaR SEDUD-EED
HERROLRRES

MREIR

wEAn ]

wERER

F1I-REHDF = v 7 VR FDO—FERK

IhbDF=zy 7 JRAMILDH
BEARAR DIRAHRE R M OBINTAT o 7o G
BRORERZ EICHERKEZ 5 R

SE LT,

(fREm~DALE)
ABFFCITZRERO—EH L LTD
BB AR R AWV TREIT 21T
S b DT, EANFROREIZEE
L7,




C. #FsEREE
RPE D RN & fR EAE AR e O\ e iR
REORRNG, kD 5 BIZHEHEL
e
QYL RE 72 LIz L B 5E
ORYE (B, B 2NEET 5
ViLPE
@ HCHEZR PIZEEEL T, 1k -
BEEENEET LI EZSZIOND
VLPE
DOFF - RBERO MRS (BMLFEE)
®F Dt

BEREICR T 2 RERIRPT R,

MEMARET R, MER M, RPRK
WE MERERETHS (K1),

3 {
o HETE. Gy

1-HRREICR T 5 AR ZHTEET A

OB IL. FTHRED 530
tEEHBEEbN TN, TR
HFHILIZ CiX, BEAMEN L
BROoNAFTRTH D0, WIHHE
TREFEMRKESAONZWNE O
HEW, FFZRDBZEZV 16 R V2
—TIREFEREEZEDZR, b

o747 5 A NO/NERREIT,

PER & 0 E oy R R A AR L R e 722
FTREEb., ZfFHADREFTR
LLTRHRE SN TWAR I B
HEEOHHFREIFEAR N, H
SRR EIR ORWIIZIL, FiPE DE
AOERIZE VT b YEEDSHT

MR ENTWRWZ & A3
MeE2zoh5,

QiR DINER AT I1T D BYE
%, THILIZ ORERRRT R & BT 8
Bipdh, MEBEFERXL VI
Db, TREEOMIIRE, H5H
FBE S WO TR TRENEZ 5,
FE LD b EERRIBREE 1R,

QOERBMED 7 4 7V k&
(perivilous fibrin change=PVFC)iX,
#E B B2 trophoblast |2 L,
LIE LIZ trophobalast {ZZ 1A &
b, TOELICT7 47 ikE
DEROLNDZBEDOTHH(HA 2), IgG
REGRET T ) L DILENRRD

2-REBAFEONEAMNT 4 7V VILE
(PVFC)

FRAR IR BEAT AL 2> & BB MR R E DS
FHbObNWDHETA L L T, Rohr's
fibrin(massive  intervillous  fibrin
deposition)23® % (X 3). MEH
DT 47V B, IREHEIZ, B
B OEmEICIEET 5. BEIT
BRI, AR T, EEE
BORMEEZE2T 2, BTN GIE
AKzfEp L., MEMICZ 7Y
DIREMEICIEE T AR ThH o7z,
PVFC &3y, MFERICIE



HEMOMER 747V v ThH D,
B D JRJFUS <0 e [5] 2 5 JE & Bl
THHBAELALND, VIR
BEDER L2V, KREEROE
HNEETHD,

X 3 -HEHOOREAMET 4 7V vikE

(Rohr)

OME DR MAT RIX, (ERF B L%
DR CIX, MiRE EE & OB
HTHELINTWAD, MEMT
LI B AR EE ICE DT ST O
bz, BETIZ. BEDORE LD
FEBEFE T . Amr tEenro
il

OFDMOFTRE LT, br7x+7
7 A b O/NERIRE N, RERE
BB RE ok =B RIS PN A A= R 7
EMSBSLOEFIDER S AT D3,
ZFOBKNERZ EIIFTHATH-
ol

D. %

ERTHRLULEDN, EEDHILIE
Tit. BEEHEN LS ASNBFT
RTH B, PIHIHE CTITER K
ENRRALNZ2NLDHLE, BRIk
HE 16 B U Y 2 —TIZEFRER
ExEDLRV, URNCEE TITo 2
WEIRE DB R & R DR

ElbOREZ T (& 2,3), #IHI#H
ETlX, HEOERBKR XLV LEER
BN FNE R THEEEEND 5,

2. BUBVEGREE & Z OMOIER & D

BRI R oD LU

A= 171 (%) B (%) FOAh(%)

IER R 81(44.3) 32(40.0) 49(47.6)

Trisomy 67(36.6) 30(37.5) 37(35.9)
Monosomy 16(8.7) 6(7.5) 10(9.7)
Triploidy 5(2.7) 1(1.3) 4(3.9)
Tetraploidy 3(1.6) 3(3.8) 0(0.0)
Z ORI L 11(6.0) 8(10.0) 3(2.9)

183 80 103

3. Trisomy® 9 BT & HEMAT R

Dysmaturef§ A
Dysmature 2GS 7= G5 :
Trisomy®3 51 g FIE R TR EF
16 trisomy 18(12) 0 3
2 i 9(8) 0 1
7(4) 1 1
5(1) 0 0
4(2) 1 1
4(2) 0 1
3(3) 2 3
2(2) 1
2(1) 1 1
isol 2(2) 0 2
2,3,9,10,14 trisomy 1%5(1) 0 0
2-OL4 E Otrisomy 6(1) 0 1
Total 67(38) 6 16

(AT, MBI AT HE T 7= R 3

ENE MG PE & BEE T DR BT R &
LT, #EM 7 1+ 7 U (PVFC) & ##
EE B 1+ 7 VU > (Rohr fibrin) A3 &
b, TNHIE, BlxDEYSIBEDY
DNy, BHWVIREDOEZTTHO
PREICHRFTEZEST 5, ZROEMN%
ER IR BRI PR AL AT AL & HhiRE T %
ZEIZE VLT LZV,

TREEIZ T AIRERET R & fENT T 5
EToORMESELLTIIRT,

1. WEIRbLELE, EFRERD
T, aryha—AREVRHEEET
HD,

2. HMBZEOR, RKFBRRED
TR FIA E B T RERAT RS



FEAEBRSLTER0,

3. i & #EM ke & DL, iR
PEMIHEEH, OB artifact 73 H M
HDHWIMmMEE L TAHhALNDA]
REMERHY, ZHEEKRDOH D
WEMIMEZ &R+ 5 FEE%E
BT HMENRH D,

4. PREEEERELE T 407U U ORE,
RERBRERETED L) IR
TALDE U A0 2 BETOLE N
HD, ,

5. WIEAFEEZ B B B AT R,
B E DERARKAE & FEOD T
BRI, BBRZRERLT
HTHbd, 5%. ZHOBITH
MTHTETH D,

LA o> RARE R 2 YR A BE LARE S AR5
THFETHD,

E. &
SEEL, TIERBE O FiE%x
ERT 5 2 &, FOERM IR
RAEBTRTAZLICEEET-, &
FEELIE, BRRECRAER KA
BRETAZ LIk, BEMERRE
FEORBMAEZHLNCLTNETL
VY,

F. ZEIR

1) FIREsL, EiEEF. BIEIESR.
FEFE, AFOA—. BHO®%
&% A DHT IR O BR AR SR FRAT AL
BEH Y R T A N9, AV
ANEa2— HK pS55—6l1
1991

2) Fuke Y, Aono T, Imai S, Suehara N,
Fujita T, Nakayama M. Clinical
significanse and treatment of
massive intervillous fibrin
deposition associated with recurrent
fetal growth retardation. Gynecol
Obstet Invest  1994;38:5-9

3) Wahren-Herlenius M, Sonesson SE.
Specificity and effector mechanisms
of autoantibodies in congenital heart
block. = Curr  Opin
2006;18:690-6

4y FLFESL, FEEERE. BLY IEE
TEMERE & MW BT R, Elw A
BLOZEE  2005; 54: 593-599

5) Pathak S, Lees CC, Hackett G,
Jessop F, Sebire NJ.  Frequency

Immunol

and clinical significance of placental
histological lesions in an unselected

population at or near term.
Virchows Arch  2011;459:565-572

6) FILHIL, MEET, RILET,
BHET. KRAE, HFEELE
RIS B R AR
R LRI KU
SRTRER S ER X —
6 2009 ;1 : 46-48

G. MrFFER

1) ¥R - £EFE

1. Shigeta N, Ozaki K, Hori K. Ito K,
Nakayama M . Nakahira K .

An Arthrobacter

spp. Bacteremia Leading to Fetal

Yanagihara [.

Death and Maternal Disseminated
Intravascular Coagulation. Fetal



and Pediatric Pathology. 2013 ;
32 :25~31

Kakigano A, Mimura K. Tanagawa
T. Nakayama M, Kanayama T,
Fujita S, Kinugasa-Tanigucji Y,
Endo M. Tomimatsu M, Kimura T.
Imbalance of angiogenic factors
and avascular edematous cystic
villi in a trisomy 13 pregnancy : A
case report. Placenta. 2013

Kubota A, Mochizuki N, Shiraishi
J. Nakayama M. Kawahara H.
Yoneda A, Tazuke Y. Goda T,
Nakahata K, Sano H., Hirano S,

Kitajima H.
Parenteral-nutrition-associated
liver disease after intestinal
perforation in extremely
low-birthweight infants
Consequent lethal portal
hypertension. Pediatrics
International. 2013 ; 55 : 39~43

Yoshida M |, Matsuoka K .
Nakazawa A, Yoshida M, Inoue T,
Kishimoto H . Nakayama M .
Takaba E, Hamazaki M. Yokoyama
S. Horie H, Tanaka M, Gomi K,
Ohama Y. Kigasawa H, Kitano Y.
Uchida H, Kanamori Y. Iwanaka T,
Tanaka Y.

sac tumor

Sacrococcygeal yolk

developing  after
teratoma : A clinicopathological
study of pediatric sacrococcygeal
germ cell tumors and a proposal of
the pathogenesis of sacrococcygeal
Journal of

yolk sac tumors.

9.

Pediatric Surgery. 2013 ; 48 : 776

~781

Umeda S, Kawahara H, Yoneda A,

Tazuke Y, Tani G, Ishii T, Goda

T. Hirano K. lkeda K. Ida S,
Kubota A |

Impact of cow’s

Nakayvama M .

Fukuzawa M.
milk allergy on enterocolitis
associated with  Hirschsprung’s
disease. Pediatr  Surg Int
2013 ;29 : 1159~1163

Saka R, Okuyama H, Uchida K,
Nakahira K, Sasaki T, Nose S,

Nakayama M |

Yanagihara 1.

Fukuzawa M .,

The expression of
surfactant proteins A and D in the
intestines and pancreas of murine
fetuses. Journal  of
pediatrics 2014
HLHESL. SRR B A
TRERBREORRE - IRICE %
BE EREERRF IR
EHOT v X, HAEHt
&FE. 2013 53~59
LS, (G3HE) . HEATE
7= (R . WEREFE ®
AT 14 RR. FEIE. 700~709
sl (53H) . NEBIO
Bz EE R L OV O FHHEIZ
DUV, FEBEFEAN R
v 7. FBERE. 173~181

Open

2) FRER

1.

RFRE, ex REIT, Bl ==
Jr AR, MAMEZ, EEE
%, FIHESL, HHFE R, &



(8]

B, VAFUREEEED S
JLTA RRERBMESY AV
—EFI OB FRENT. 5 48 [H]
AA/NREERR TS, 2013.6.18
~29 {EE

PrNE, HBILHESL, FFHET.
JEER. REFTLEX D
TEERE - — BB B8 B W
DOIFEERIRRET. & 49 B H AJF
PEHA - B RESABRAB L
HHTES. 2013.7.14~16 #iE
it}

BRE. tBEs., EHEE,
HLESL.  RERRET RICE S
RHARERICBIT A EEESE
LOBREORAR. F 49 B HA
BEH - FrEREFESRER X
DEITEES. 2013.7.14~16  #4
YT |

EEFREA, EEHIEE | B ILHESL
NIRRT K HE . B
BEA. AEKES. FAERHEL
ERBICBITDFIREEIZHED
FFREEIZBE T DT, 56 49 [ H
KEEH - EREFZSRESE
LT OEMES. 2013.7.14~16
BRI T

iy BB BRATFNIER. &K
T, HLHEsL,. &IE T, B
BT, SOKET. BERZ.
EWMIAIE. AMIE. BHEMEH
@ angiogenic imbalance & IR

@ avasclar edematous cystic villi

RO MY Y I —13 B

% 49 [0 B AE EERS - 7 R IEE
AR AEBLOENES.

2013.7.14~16 REEd
RIS, oo, \ RO & 7z,
HEARM, BB, %, K
By sl ROB, K5
M, FEFEME. 1pl5s A 7
Jo b RAAL D AFNALRE
RO T HEME R E D |
. B 20 EIHARTZEHIG
£ 20139 ERE

H. FnagRfERE O HRE - BER

(FPEZEZL,)

. FFRFEUE

L

. ERFREBRE

L

3. FD

2L



m. HFEREOTITICET SRR



HFZE o Pl s -

\¢
+
i

T
RRERSD MXAARILE HREA A5 | X—U | HRE
C el Characterization of
Inada K. Shima T. o . .
. - regulatory T cells in decidua
Nakashima A. Aoki K. S . . ) - ‘ ‘
e of miscarriage cases with J Reprod Immunol. 97 1104-111} 2013
[to M. Saito S. )
abnormal or normal fetal
chromosomal content.
Nakashima A. Impaired autophagy by
Yamanaka-Tatematsu M, soluble endoglin, under
Fujita N. Koizumi K. hvsiological hypoxia in early
) physiological hypoxia in early| | UV B
g T Veahid T Autophag 9 [303-316] 2013
Shima LS Q”hldd T. pregnant period, is involved 'Phag T ’
Nikaido T. Okamoto A. in poor placentation in
Yoshimori T.Saito S. preeclampsia.
. e Which Types of Regulatory T
Saito 8., Shima T.. cells Pl 1;1[m hort 1r?1‘t H()l(; in
. . ells Play 't 2S
Inada K.. Nakashima A. yom 5 Am J Reprod Immunol | 69 |340-345| 2013
Implantation and Pregnancy
Maintenance?
Thaxton JE. Nevers T. NKG2D Blockade Inhibits 1639
Lippe EO. Blois SM. Polyv(I:0)-Triggered Fetal Loss % T— 190 ;Z ll" 2013
. . . e .. Re DleoE ¥ Z .
Saito S. Sharma S. in Wild Type but Not [L-10-/- >
Mice.
Frequency of recurrent
Sugiura-Qgasawara M, Suzuki  |spontancous abortion and its
S. Ozaki Y, Katano K. Suzumori |influence on further marital I Obstet Gynaecol Res. 39 126-31 | 2013
N, Kitaor: T. relationship and illness: The
Okazaki Cohort Study in Japan.
. . Peripheral natural killer cell
Katano K, Suzuki S, Ozaki Y, qbtlil'\pil\(‘qCl \ pr ldictorif(; urrent
‘ ) N activity as a pre of recurrent | . . . ,
Suzumori N, Kitaor1 T, Sugiura- |~ = p Fertil Steril 100 | 1629-34 | 2013
pregnancy loss: a large cohort
Ogasawara M.
study.
Kameda H. Kanbe K, Sato E, A merged presentation of clinical
Ueki Y, Saito K, Nagaoka S, and radiographic data usmg 310-
Hidaka T. Atsumi T. Tsukano M, |probability plots Ann Rheum Dis 72 312 2013
Kasama T, Shiozawa S, Tanaka |0 @ clinical trial, the JESMR
Y, Yamanaka H. Takeuchi T.  [study
Amengual O, Atsumi T, Oku K, [Phospholipid scramblase | 3
Suzuki E, Horita T, Yasuda S, |expression 1s enhanced in patients {Mod Rheumatol 23 (88 2013
Koike T. with antiphospholipid syndrome.
Fukava S, Matsut Y, Tomaru U, [Overexpression of TNF-u-
Kawakami A, Sogo S, Bohgaki  |converting enzvme in fibroblasts S 72-
) . S T S Lab Invest 93 ) 2013
T. Atsumi T, Koike T, Kasahara {augments dermal fibrosis after 80
M, Ishizu A. inflammation.
Essential role of the p38 mitogen-
activated protein kinase pathway
Oku K, Amengual O, Zigon P, |in the tissue factor gene expression . 1775-
L T > SR atol 2 2013
Horita T, Yasuda S, Atsumi T. reumato 7 1784 013

by the phosphatidvlserine-
dependent antiprothrombin
antibody




RRERA WXEARILE FERED HBS| N—TU | HEF
Kato M, Atsumi . Oku K. - o .
22 ) ' ['he mvolvement of CD36 in the )
Amengual O, Nakagawa H, L 761-
L N © .. Imonocyte activation by Lupus 22 2013
Fupiedal Y, Otomo K. Horita T, e h(')s holipid mtih. i 771
, o ar hid antibodies.
Yasuda S. Koike 1. PROSPRO
: L . Hemophagoevtic
Suzuki Y, Takahashi N, Yada V. lvm 311}311' gt?( yxh 15 1 a newborn
A . , ohistiocytosis n a newhe R o
Koike Y, Matano M. Nishimura|.” : ’ , Journal of Permatology 33 1 3569-571 1 2013
mfant born to a mother with ’
H. Kono Y. B . )
Sjogren svndrome antibodies.
Nozawa K, Fujishiro M.
Kawasaki M, Yamagucht A, Inhibition of connective tissue
Ikeda K, Morimoto S. Iwabuchi | growth factor ameliorates disease . - :
. . . ; . Arthritis Rheum 65 1477-86 | 2013
K, Yanagida M. Ichinose S. n a murine
Morioka M. Ogawa H. Takamori jmodel of theumatoid arthritis
K, Takasaki Y, Sekigawa
133 Up to date —AUTJE
FERE ERHIED BN S &0 | HRIVESF 2368 16 | 21-25 | 2013
T 1 R25 340 15 2013
St b T N U
A HY A E s v iE s .
S PTES A R TR LR L oo gRE | 17 | 3233 | 2013
i . s
RN ARV N
REIE LS Ehis s & HH REFOrfE 3H 5 647 4-5 2013
ENSE/NCN T E NYRA BN T 33 | 166-170 | 2014




V. ®FESEOFITY - Bkl



Journal of Reproductive Immunology 97 (2013) 104-111

Contents lists available at SciVerse ScienceDirect

Journal of Reproductive Immunology

journal homepage: www.elsevier.com/locate/jreprimm

Characterization of regulatory T cells in decidua of miscarriage cases
with abnormal or normal fetal chromosomal content

Kumiko Inada?, Tomoko Shima?, Akitoshi Nakashima?, Koji Aoki®, Mika Ito?,
Shigeru Saito®*

2 Department of Obstetrics and Gynecology, University of Toyama, Toyama 930-0194, Japan
b Aoki Ladies Clinic, Nagoya, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 11 September 2012

Received in revised form 5 December 2012
Accepted 7 December 2012

Decreased regulatory T (Treg) cells have been reported in cases of recurrent pregnancy
loss. To understand the role of Treg cells in human pregnancy, we have studied the fre-
quency, localization and characterization of Treg cells in the decidua. The frequency of
Foxp3* cells among CD3"CD8~ cells at the decidua basalis in cases of miscarriage with a
normal embryo karyotype (n=10) was significantly lower than in normally progressing
pregnancies (n=10). However, those frequencies in miscarriage with an abnormal embryo
karyotype were similar to normally progressing pregnancies. Next, we used flow cytom-
Human pregnancy etry to study Treg cell expression of the proliferation marker Ki67 and functional Treg
Miscarriage with normal chromosomal marker CCR5. The frequency of Foxp3*CD4" T cells in miscarriage with a normal embryo
content (n=10)was significantly lower than those in normally progressing pregnancies (n=15) and
Regulatory T cells in miscarriage with an abnormal embryo (n=14). In miscarriage with a normal embryo, the
population of Ki67-Foxp3*CD4"* T cells was significantly smaller than in normal pregnancy.
However, the frequencies of Ki67*Foxp3*CD4* cells and CCR5"Foxp3*CD4* cells were not
different between the three groups. These data suggest that increased Ki67~ Treg cells in
the decidua basalis may play an important role in the induction of immune tolerance, and
that immune-medicated pregnancy loss may be caused by decreased Ki67~ Treg cells in
the implantation site.

Keywords:
Implantation

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Regulatory T (Treg) cells were discovered as CD4*CD25*
Tcells (Sakaguchietal., 1995). It was subsequently clarified
that Foxp3 is the master gene controlling the differentia-
tion of Treg cells (Hori et al., 2003). In 2004, Aluvihare and
colleagues reported that Treg cells might mediate mater-
nal tolerance in mice during pregnancy (Aluvihare et al,,
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Tel.: +81 76 434 7355; fax: +81 76 434 5036.
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2004). Adoptive transfer of Treg cells purified from nor-
mal pregnant mice prevented fetal loss in CBA/] mated
with DBA/2] mice, but transfer of Treg cells from non-
pregnant mice was ineffective (Zenclussen et al., 2005).
Recent data showed that Treg cells specific for male antigen
(H-Y) contribute to tolerance of male fetuses in syngeneic
pregnancy in mice (Kahn and Baltimore, 2010). To establish
fetal antigen-specific Treg cell induction, seminal plasma
plays an important role in mice (Robertson et al., 2009).
[n humans, our group was the first to show that Treg
cells accumulate in the decidua in normal pregnancy, and
the population of Treg cells is decreased in miscarriage
(Sasaki et al., 2004). Women who experienced repeated
miscarriage were shown to have a reduced frequency of
Treg cells and reduced suppressive capacity of Treg cells
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(Arruvito et al., 2010; Wang et al., 2010). A decreased Treg
cell pool was observed in preeclamptic cases (Sasaki et al.,
2007) and normal pregnancies just prior to delivery (Zhao
et al., 2007). Selective migration of fetus-specific Treg cells
from the peripheral blood to the decidua in human preg-
nancy has also been reported (Tilburgs et al., 2008).

To understand the role of Treg cells in human preg-
nancy, we have studied the frequency and localization of
Treg cells at the implantation site in cases of miscarriage
with normal chromosomal content and with abnormal
chromosomal content using immunohistochemical stain-
ing. Furthermore, we have attempted to identify a suitable
marker for immune-modulating Treg cells involved in the
maintenance of pregnancy in humans using flow cytomet-
ric analysis. It has been reported that chemokine receptor
CCR5* Treg cells play an important role in the induc-
tion of fetal-derived alloantigen-specific tolerance in mice
(Kallikourdis et al, 2007). CCR5" Treg cells effectively
inhibited the proliferation of CD4*CD25~ cells stimulated
by cross-linking with anti-CD3, suggesting that CCR5* Treg
cells are a functional Treg subset. Our recent data shows
that proliferating, paternal antigen-specific Ki67* CCR5*
Treg cells accumulate in the uterine draining lymph node
before implantation and in the uterus after implantation
in mice (Shima et al., 2010a). Against this background,
we have studied the expression of Ki67 and CCR5 in
CD4*Foxp3* Treg cells in humans, although there is no
information on whether Ki67* Treg cells or CCR5* Treg cells
are functional, or not.

2. Materials and methods
2.1. Cases of normal pregnancy and miscarriage

This study was approved by the Ethics Committee of
the University of Toyama. We enrolled 15 subjects with
normal pregnancy, 14 with miscarriage with abnormal
chromosomal content [trisomy (n=12) including trisomy
15 (n=3), trisomy 16 (n=3), trisomy 21 (n=2), trisomy 22
(n=2), trisomy 6 (n=1) and trisomy 13 (n=1); transloca-
tion{n=1)and monosomy (n=1)}, and 10 with miscarriage
with normal chromosomal content by cytometric analysis.
An additional n= 10 subjects with normal pregnancy,n=10
with miscarriage with abnormal chromosomal content,

and n=10 with miscarriage with normal chromosomal
content were included for other analyses. No subjects had
risk factors such as uterine malformation, thyroid dysfunc-
tion, genetic abnormalities, or antiphospholipid antibody
syndrome. Decidual samples were obtained from pregnant
subjects undergoing induced abortion, representing ‘nor-
mal pregnancy’, and from patients with miscarriage,
representing ‘miscarriage’. Gestational age was calculated
from the diameter of the gestational sac by echosonogra-
phy or the last menstrual period. When miscarriage was
diagnosed, dilation and curettage were performed. We
selected missed abortion cases and excluded inevitable
abortion cases because immunological components differ
between missed abortion (at an early stage of abortion) and
inevitable abortion (at a late stage of abortion) (Nakashima
etal, 2010).

Chorionic villi were sampled from miscarriage cases for
cytogenetic analysis. Karyotypes determined from exam-
ination of miscarriage cases were abnormal in 10 cases
and normal in 10 cases for the immunohistochemical study
(Table 1), and abnormal in 14 cases and normal in 10 cases
for the flow cytometric study (Table 2). In both studies,
half of the chorionic tissue was used for the karyotype
determination test, and half for pathological examination.
Clinical backgrounds in the three groups are shown in
Tables 1 and 2. The numbers of previous miscarriages in
the women miscarrying with an abnormal embryo or mis-
carrying with a normal embryo were significantly higher
than in normal pregnancy (Tables 1 and 2). In the immuno-
histochemical study, the number of gestational weeks at
sampling in cases of miscarriage with an abnormal embryo
was significantly less than that in cases of normal preg-
nancy (Table 1), but the numbers of gestational weeks
at sampling were similar between the three groups in
flow cytometric analysis (Table 2). We obtained written
informed consent from all the subjects.

2.2. Flow cytometry

Decidual mononuclear cells (leukocytes) were purified
by the Ficoll Hypaque method after homogenization and fil-
tration through a 32 pm nylon mesh as previously reported
(Saito et al., 1999).

The following monoclonal antibodies (mAbs) were used
in this study: anti-CD4 (PerCP-Cy50.5; BD Bioscience, USA)

Table 1
Clinical background in normal pregnancy, miscarriage with an abnormal embryo, and miscarriage with a normal embryo in immunohistochemical
examination.
Normal pregnancy (n1=10) Miscarriage with an abnormal embryo (n=10)  Miscarriage with a normal embryo (n=10)

Age (year)? 29 (25-38) 34 (26-43) 34(26-38)

Gravidities?® 2(1-3) 2.5(1-9) 4.5(1-12)

No. of liveborn children® 0(0-2) 1(0-3) 0(0-1)

No. of miscarriages?? 0(0-0) 2(1-8) 4(1-12)

Stillbirth? 0(0-0) 0(0-1) 0(0-1)

Gestational weeks? 8(7-10) 6(5-8) 8(7-9)

BMI 19.1(17.9-253) 21.1(17.5-26.3) 21.0(18.6-25.5)

Smoker 1(10%) a 0

2 Median (range).
b Gravidities and miscarriages included.
t P<0.05 vs. normal pregnancy.
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Table 2

Clinical background in normal pregnancy, miscarriage with an abnormal embryo, and miscarriage with a normal embryo in flow cytometry exarnination.

Normal pregnancy (n=15) Miscarriage with an abnormal embryo (n=14) Miscarriage with a normal embryo (n=10)

Age (yeary 27(17-39) 36 (30-45)!
Gravidities?® 2(1-6) 4.5 (1-6)

No. of liveborn children® 0 (0-4) 0(0-2)

No. of miscarriages®® 0(0-1) 4 (1-6)1t
Stillbirth? 0(0-0) 0(0-1)
Gestational weeks? 7 (6-9) 7(6-11)

BMI 19.6 (17.4-20.8) 19.1(17.1-33.7)
Smoker 2(20%) 0

34(29-39)
4(2-5)

1(0-3)
3(1-5)t
0(0-1)

6 (6-10)
21.5(17.7-25.8)
0

3 Median (range).

b Gravidities and miscarriages included.
! P<0.001 vs. normal pregnancy.

' P<(0.0001 vs. normal pregnancy.

and anti-CCR5 (PE; BD Bioscience, USA) for cell surface
markers, and anti-Foxp3 (FITC; eBioscience, USA) and
anti-Ki67 (Alexa Fluor647; BD Bioscience, USA) for intra-
cellular markers. Decidual mononuclear cells were first
stained with anti-CD4 mAD and anti-CCR5 mADb, then fixed
and permeabilized by incubation for 30 min with fixa-
tion/permeabilization buffer (eBioscience, USA), and then
stained with anti-Foxp3 mAb and anti-Ki67 mAb. Flow
cytometry analysis was performed on a BD FACScan I (BD
Bioscience, USA).

2.3. Immunohistochemical staining

To avoid maternal blood contamination, decidual tis-
sues were washed in phosphate-buffered saline (PBS) and
then fixed in 10% neutral buffered formalin for 48 h and
embedded in paraffin. We stained paraffin-embedded sec-
tions immunohistochemically using mouse monoclonal
anti-cytokeratin 7 antibody (Novus Biological, USA). Decid-
ual tissues were classified as decidua basalis (presence
of cytokeratin-positive extravillous trophoblasts (EVT)) or
decidua parietalis (no cytokeratin-positive EVTs) as previ-
ously reported (Michimata et al., 2002). We checked the
cytokeratin-positive EVT in decidual tissue in the cases
shown in Table 2, but we could not obtain enough sam-
ples to evaluate Treg cells in the decidual basalis and
decidua parietalis because most of the decidual sam-
ple was used for flow cytometric analysis. Therefore, we
collected additional samples from other cases for immuno-
histochemistry, including n=10 normal pregnancy, n=10
miscarriage with abnormal chromosomal content, and
n=10 miscarriage with normal chromosomal content
(Table 1).

After deparaffinization, antigen retrieval was per-
formed by autoclaving at 120°C for 10min. Sections
were washed in PBS and incubated for 10min in 10%
normal goat serum prior to application of primary
antibodies.

Sections were incubated overnight at 4°C with mouse
mAbs including anti-human CD3 (5 pg/ml; Novocastra,
UK), anti-human CD8 (5 pg/ml; Dako Japan, Tokyo) and
anti~-human Foxp3 (eBioscience, USA). Immunohistochem-
istry was performed using the Envision system (Dako Japan,
Tokyo) and diaminobenzidine (Sigma, USA). Commercially

available CD4 monoclonal antibody was not effective for
staining in paraffin-embedded tissue samples, so the num-
bers of CD4* T cells were calculated by subtracting the CD8*
cell count from the CD3* cell count, as reported previously
(Michimata et al.,, 2002).

2.4, Statistical analysis

The data were analyzed statistically by the
Mann-Whitney U test using a statistical software package
(SAS version 9.1; SAS Institute, USA). For all statistical
analyses, P<0.05 was considered significant.

3. Results

3.1. Frequency of Foxp3*CD3*CD8~ cells in the decidua
basalis and decidua parietalis in immunohistochemical
study

CK7-positive extravillous trophoblasts were observed
in the deciduas (Fig. 1). We classified tissue as decidua
basalis where EVT was present and decidua parietalis
where EVT were absent. Surface staining for CD3 and CD8
and nuclear staining for Foxp3 were detected.

The frequency of Foxp3* cells among CD3*CD8" cells
in the decidua basalis of miscarriage cases with a nor-
mal embryo was significantly lower (P=0.03) than in cases
of normal pregnancy (Fig. 2). However, the frequency in
the decidua basalis of miscarriage cases with an abnor-
mal embryo was similar to cases of normal pregnancy
(Fig.2). Interestingly, the frequencies of Foxp3* cellsamong
CD3*CD8~ cells in the decidua parietalis were similar in
normal pregnancy, miscarriage with an abnormal embryo,
and miscarriage with a normal embryo. This data sug-
gests that reduced accumulation of Treg cells in the area of
implantation (the decidua basalis) occurs in cases of mis-
carriage with a normal embryo.

3.2. Frequency of Foxp3™ cells, Ki67*Foxp3* cells, and
CCR5*Foxp3™ cells among CD4* cells in flow cytometric
study

The frequency of Foxp3* cells among CD4* cells in mis-
carriage was significantly lower (P=0.0051) than that in
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Fig. 1. Immunohistochemical staining for Foxp3, CD3, CD8, and CK7 in the decidua of cases of normal pregnancy. Magnification: 200x, scale bar: 30 um.
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Fig. 2. Frequencies of Foxp3* cells amongst CD4* (CD3*CD8~) cells in
the decidua basalis (left) and decidua parietalis (right) of cases of nor-
mal pregnancy, miscarriage with an abnormal embryo, and miscarriage
with a normal embryo, analyzed by immunohistochemistry. n.s. = not sig-
nificant; horizontal line is the median value.

normal pregnancy cases (Fig. 3 left). Next, we divided mis-
carriage cases into those with abnormal fetal chromosomal
content and those with normal fetal chromosomal con-
tent (Fig. 2 right). The frequency of Foxp3* cells among
CD4* cells in cases of miscarriage with a normal embryo
was significantly lower than in cases of normal pregnancy
(P=0.007), and than in cases of miscarriage with an abnor-
mal embryo (P=0.0465).

The frequency of Ki67-Foxp3* cells (non-proliferating
Treg cells) among CD4* cells in cases of miscarriage with
a normal embryo was significantly lower (P=0.0033) than
in cases of normal pregnancy, but this frequency in cases
of miscarriage with an abnormal embryo was similar to
the frequency in normal pregnancy (Fig. 4). The frequency
of proliferating Ki67*Foxp3* cells among CD4* cells was
rather low compared with Ki67-Foxp3* cells among CD4*
cells, and these frequencies were similar in cases of nor-
mal pregnancy, miscarriage with an abnormal embryo, and
miscarriage with a normal embryo (Fig. 4).

In mice, CCR5* Treg cells have been reported to be func-
tional Treg cells (Kallikourdis et al., 2007). However, the
frequencies of CCR5*Foxp3* cells among CD4"* cells in the
decidua were similar in cases of normal pregnancy, mis-
carriage with an abnormal embryo, and miscarriage with
a normal embryo (Fig. 5). There was no tendency toward a
relationship between Treg frequency and any specific kar-
yotype.
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Fig. 3. Frequencies of Foxp3* cells amongst CD4" cells in the decidua of cases of normal pregnancy, miscarriage with an abnormal embryo, and miscarriage

with a normal embryo, analyzed by flow cytometry. Representative flow cytometric data (a) and frequencies of Foxp3* cells amongst CD4* cells in each
group (b) are shown. Horizontal line is the median value.
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Fig. 4. Frequencies of Ki67*Foxp3* Treg amongst CD4"* cells (left) and Ki67-Foxp3* Treg cells among CD4* cells (right) in the decidua of cases with normal
pregnancy, miscarriage with an abnormal embryo, and miscarriage with a normal embryo, analyzed by flow cytometry. Representative flow cytometric
data (a) and frequencies of Ki67*Foxp3* Treg cells among CD4" cells in each group (b) are shown. n.s.=not significant; horizontal line is the median value.
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Fig. 5. Frequencies of CCR5"Foxp3* Treg cells amongst CD4* cells in the decidua of cases of normal pregnancy, miscarriage with an abnormal embryo, and
miscarriage with a normal embryo, analyzed by flow cytometry. Representative flow cytometric data (a) and frequencies of CCR5*Foxp3* Treg cells among
CD4* cells in each group (b) are shown. n.s. = not significant; horizontal line is the median value.

In summary, reduced accumulation of Ki67—~ Treg cells
at the implantation area occurred in cases of miscarriage
with normal fetal chromosomal content.

4. Discussion

Treg cells inhibit cytokine production in both CD4* T
cells and CD8* T cells, cytotoxic activity of NK cells, and
dendritic function and maturation, resulting in induction
of tolerance (Sakaguchi, 2005; Akbar et al., 2007; Shevach,
2009; Corthay, 2009). Loss of Treg cells during early preg-
nancy induces implantation failure and abortion in mice
(Aluvihare et al., 2004; Darrasse-Jéze et al., 2006; Shima
etal., 2010b; Rowe et al,, 2011). Transfer of exogenous Treg
cells from pregnant mice to abortion-prone mice decreased
the abortion rate and induced LIF and TGF( synthesis
(Zenclussen et al., 2005, 2006; Yin et al.,, 2012).

In humans, Treg cells in the decidua were found to
be decreased in miscarriage cases (Sasaki et al., 2004;
Jin et al, 2009) and in unexplained spontaneous abortion
(Yang et al, 2008; Mei et al, 2010; Wang et al,, 2010;
Lee et al., 2011). Furthermore, low levels of circulating
CD4*CD25*Foxp3* Treg cells are predictive of a miscar-
riage risk in newly pregnant women with a history of
failure (Winger and Reed, 2011), suggesting that the level
of peripheral Treg cells may serve as a superior preg-
nancy marker. Dysregulation of Treg cells in patients with
unexplained recurrent miscarriage has also been reported
(Wang et al., 2011; Arruvito et al.,, 2010). Tilburgs and col-
leagues have reported that cases of HLA-C mismatched

pregnancy exhibit a decidual lymphocyte response to fetal
cells and contain functional Treg cells in decidual tis-
sue, whereas cases of HLA-C matched pregnancy do not
(Tilburgs et al., 2009). These findings support the idea that
Treg cells also play an important role in the maintenance
of pregnancy in humans.

The etiology of recurrent pregnancy loss (RPL) is
unknown in 40-60% of cases (Clifford et al., 1994). If
immune dysfunction can cause miscarriage, immunolog-
ical change may occur at the implantation site (decidua
basalis) of RPL cases with a normal embryo (Saito et al.,
2011). In this study, we first showed that the accumulation
of Treg cells in the decidua basalis was decreased, especially
in cases of miscarriage with a normal embryo. Furthermore,
the frequency of Treg cells remote from the implantation
site (decidua parietalis) was shown to be similar to that in
normal pregnancy. These findings suggest that a propor-
tion of cases of RPL with a normal embryo are associated
with immune etiologies.

A recent paper showed the heterogeneity of Treg
cells, with subsets including CD45RA-Foxp3!°W res-
ting Treg cells, CD45RA-Foxp3hi8h activated Treg
cells, CD4*CD25*Foxp3* conventional Treg cells,
CD4*CD25~Foxp3* Treg cells, HLA-DRMENCD45RA- Treg
cells, HLA-DR!®W*CD45RA~ Treg cells, HLA-DR-CD45RA-
Treg cells, and naive HLA-DR~CD45RA"* Treg cells (Miyara
et al., 2009, Nishioka et al., 2006; Arruvito et al.,, 2010;
Steinborn et al., 2012).

Kallikourdis etal.(2007) reported that paternal alloanti-
gen enhanced the accumulation of CCR5* effector Treg
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cells in the murine pregnant uterus. CCR* Treg cells might
be a marker of Treg cells activated to become functional
by paternal antigen in the mouse. Shima et al. (2010a)
also reported that paternal antigen-specific Ki67* prolif-
erating Treg cells expressed CCR5 on their surface. These
findings suggest that CCR5* proliferating T cells might
induce paternal antigen-specific tolerance in humans. In
this study, frequencies of CCR5* Treg cells did not change
in miscarriage cases. Guerin et al. reported that CCR7* Treg
cells accumulated in the preimplantation mouse uterus
(Guerin et al,, 2011). We are planning to study the pop-
ulation of CCR7* Treg cells in the decidua of miscarriage
cases.

Treg cells expressing the proliferation antigen MK167
increase in the human decidua, and these Treg cells display
a more suppressive phenotype with more frequent expres-
sion of Foxp3, HLA-DR, and CTLA than in blood (Mjosberg
et al,, 2010). A recent paper reported that populations of
memory Treg cells, which expand in a second pregnancy,
contribute to maintaining pregnancy in mice (Rowe et al.,
2012). However, in the women enrolled in this study who
have children, the median numbers of live born children
were not significantly different between the three groups
(Tables 1 and 2). Therefore, an expanded Treg cell popu-
lation in second pregnancy was not evident in this study.
Although reagents are not available for detecting human
memory Treg cells, they could be partially responsible
for maintaining pregnancy in human. Future studies are
required to clarify this.

Unexpectedly, this study showed that the frequencies
of CCR5™* Treg cells and Ki67* Treg cells are similar in cases
of normal pregnancy, miscarriage with a normal embryo,
and miscarriage with an abnormal embryo. However, the
frequency of Ki67~ non-proliferating Treg cells in miscar-
riage with a normal embryo was significantly lower than
that in normal pregnancy. Our results may be explained
as follows. A high amount of IL-2 can induce proliferation
of Treg cells, but these proliferated T cells lose their reg-
ulatory function. But when IL-2 is then removed from the
culture medium, they regain an immunosuppressive state
(Takahashi et al., 1998). Decidual Treg cells might therefore
regain their suppressive function after stopping prolifera-
tion. Foxp3is expressed in T cells when T cells are activated
and proliferating in human (Allan et al., 2005). Those two
papers suggest that Ki67*Foxp3* T cells might be activated
T cells and Ki67~ Foxp3* cells might be functional Treg
cells in the human. Further studies are necessary to clar-
ify this. These data might indicate that the phenotype of
paternal antigen-specific Treg cells differs between mice
and humans.

Recent data shows that a Foxp3 enhancer, conserved
noncoding sequence 1 (CNS1) is essential for peripheral
Treg cells, and is present only in placental mammals. Dur-
ing pregnancy, peripheral Treg cells specific to a model
paternal alloantigen were generated in a CNS1-dependent
manner and accumulated in the placenta (Samstein et al.,
2012). Suitable markers for peripheral Treg cells have
not been identified. We should clarify the population of
peripheral Treg cells when appropriate markers have been
developed. Thus, further studies are needed to identify the
surface markers of paternal alloantigen-specific Treg cells,

or functional Treg cells that play essential roles in the main-
tenance of pregnancy in humans.
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Impaired autophagy by soluble endoglin,
under physiological hypoxia in early pregnant
period, is involved in poor placentation
in preeclampsia
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In early pregnancy, trophoblasts and the fetus experience hypoxic and low-nutrient conditions; nevertheless, trophoblasts
invade the uterine myometrium up to one third of its depth and migrate along the lumina of spiral arterioles, replacing
the maternal endothelial lining. Here, we showed that autophagy, an intracellular bulk degradation system, occurred
in extravillous trophoblast (EVT) cells under hypoxia in vitro and in vivo. An enhancement of autophagy was observed
in EVTs in early placental tissues, which suffer from physiological hypoxia. The invasion and vascular remodeling under
hypoxia were significantly reduced in autophagy-deficient EVT cells compared with wild-type EVT cells. Interestingly,
soluble endoglin (sENG), which increased in sera in preeclamptic cases, suppressed EVT invasion by inhibiting autophagy.
The sENG-inhibited EVT invasion was recovered by TGFB1 treatment in a dose-dependent manner. A high dose of sENG
inhibited the vascular construction by EVT cells and human umbilical vein endothelial cells (HUVECs), meanwhile a low
dose of sENG inhibited the replacement of HUVECs by EVT cells. A protein selectively degraded by autophagy, SQSTM1,
accumulated in EVT cells in preeclamptic placental biopsy samples showing impaired autophagy. This is the first report

showing that impaired autophagy in EVT contributes to the pathophysiology of preeclampsia.

Introduction

Preeclampsia, characterized by hypertension and proteinuria
after 20 weeks of gestation, complicates 3—5% of all pregnancies
worldwide, and is the leading cause of maternal, fetal and neo-
natal mortality. Preeclampsia remains a major cause of maternal
mortality (15-46%) and is responsible for a 5-fold increase in
perinatal mortality.? The World Health Organization has rec-
ognized the importance of preeclampsia by launching a global
program to conquer preeclampsia-eclampsia® Additionally,
women with a history of preeclampsia and their offspring
are at greater risk of developing cardiovascular disease later
in life.*
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The current hypothesis regarding the etiology of preeclampsia
is focused on inadequate trophoblast invasion and placentation.?
Trophoblast stem cells differentiate into two cell types, villous
trophoblasts and extravillous trophoblasts (EVTs) in humans.
Invading trophoblasts called interstitial EVTs migrate into the
decidualized endometrium and endovascular EVTs migrate along
the lumina of spiral arterioles.®> The invasion of EVTs into spiral
arteries starts earlier in pregnancy and the endovascular tropho-
blastic cells aggregate in the lumen of the vessel forming the “tro-
phoblastic plug,” to allow the growth of the embryo and placenta
in a low-oxygen environment in the first stage of pregnancy.® This
EVT-invasion anchors the fetus to the mother and creates the
large-diameter and low-resistant vessels that carry blood to the
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