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Immunological Mechanism of Pregnancy and Miscarriage
—A Study with a Murine Spontaneous Miscarriage Model
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Yoichi HAMASAKI, Toshifumi TAKABAYASHI, Yumiyo KURAHAYASHI
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BE ~vAWREE TN (CBA/J #EXDBA/2HE) % A\ REFHITME OBRF & RERE DO REHEY
Ml NK a0 BB > Lk,

CDORDOWMERIT26.1%TH D, HRFEDT.5% X WV BFRCE» Ok, ZORENFEHICS XEMAED
fluorescence cytometry A\ FIRIC L 2 RBEOB X ¥ HRET5 &

D R X b LFA-1, XU Asialo-GM1BE#EMEE, MY, intensity & $ciE4 L, IL-2R BB
Bz, #MEREZEL, intensity & il 7,

2) REEERF T LFA-L RO IL-2R BteMia, MK, intensity & $ I FIicid L1, MAC-
1% 0%, Asialo-GMI1BBMMIRROFZE A LT,

3) REREEDF TR, LFA 1RSI, MREEEA L, IL-2R B, MEEEEd L
7o7%, intensity (Z#EIn L7z, Asialo-GMI1B#MRRE, MARE, intensity & d gL 7z,

4) L3T4BBMAR, REREEDFCHNCHEDE CMIRY, intensity & ld Lic, BRBOK
Bt X b RERKSE T3 Asialo-GM BB O8N 2 BEE CH o, IHIROMER, T 7o bRk
DODEFZ A~V A =T Mo, Zhetts NKlE, ~27e 77 —COMENEETH S5 2 LHRE
Tha, S '

Synopsis In order to investigate the immunological mechanisms of pregnancy, fluorocytometric and
immunohistochemical analysis of the cells was performed in the placenta and spleen of a murine spontane-
ous miscarriage model (CBA/JX DBA/2) and control (CBA/JX BALB/c). There was a significant
difference between the miscarriage rate for the miscarriage model and that for the control, even though H-2
in these two group is matched. The analysis also was performed in a miscarriage model immunized with
male splenocytes. Moreover, the effect of y-interferon, a potentiator of NK cell activity, on pregnancy was
examined. Interferon treatment increased the miscarriage rate. In pregnancy, the number of splenocyte
positive Asialo-GM1 or LFA-1 decreased and the intensity of these antigens decreased, as well.
Interleukin-2R positive cell increased in number as well as intensity. In the miscarriage model group
successfully treated by immunization, the number of Asialo-GMI positive cells and L3T4 positive cells
decreased, whereas they increased in the unsuccessfully treated group. Asialo-GMI1 positive cells in the
placenta of successful pregnancy decreased in number, and those in miscarried pregnancy increased. In
conclusion, the success of the immunization treatment for habitual abortion depends on how to suppress NK
cell activity in a linkage with the helper T-cell.
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D B IILT S vk b EERE 3 [ERE D IR LI
ExRITHE, RETHOBERE LA T
5,

— 5, EEBE A BERBEDNE I bE LD &,
PRRIABRORBHEEYESTZ I TV B 7D,
I & DT FAERRBME (allograft) &% %
B, Lieaot, ZoRERRBHEATHS
BRI RHMARI R B X, IR
ETAHERTHHITTHED, ERCISMEE
THEERIEEZ T TIEFL WS, Thbbl
D X 5 R IR O AT T 5 REEN HEE O
Beic X AMENFERTHEERESD—HEE 2
bhT\b, BEFHBEESEOBRENEL 2
& LCREHE o HLA, % HLA-D/DR, $7/&
Hbclass HFFEDO—HENFH W LHREENT
WA, BErEEERomME+FIIE, ko HLA
class I PR T2 HMEBHFEL, ZOMBEIX
FfgfEl© Mixed Lymphocyte Reaction (MLR)
4 RAICHI T B B Bk (blocking  anti-
body) & LTEA LTk Y, ERTFHBERER
A, COPMEIFEELTVWE EBRZOERE
INTWB?, zoff, THREOHEA T 1+ 454
IR H IR DT < OBMITIA OIS b B 5 237REH
TRbEADD.

Lo LERIREC Y, BEREREZEO BRI, X
)V ARRBAEIC X B REREAMThR S X 5
D HHBEDHEBEDRLY DT T\ 510D KRFT
L, REFENREOBRF OB K O RRTHEE
WECSTAEBETHHRY v HRBREDO LK
BROBNTY, BEREETVEELDRTWS
<=7 ADFREHVAN,

KERAHE

1, <~ v RABEREETN

BEREETALEEZIDRTWVWA <Y AL
CBA/] XDBA/2ft D&%, 2 v+ r—
AMIZiZ CBA/J MEXBALB/cED &2 % A
\, CBA/J Wt XDBA /2% MERE, CBA/J X
BALB/clfix =2 v b r— AR L LI, 3BEHO~
v 20 H20BEFHE, CBA/J(H-2<), DBA/
2 (H-29), BALB/c (H-29) TH»%. »Tho-

v 2 8BEBNHI2EBTCSPFOBETTHE

HEmEME2 S

Licb D Huvi,

CBA/] # & DBA/2#E, B O"CBA/J i &
BALB/c #% ZF. X & vaginal plug # R L /-
HEZEROB & L, FR1I2HE B2 514H BBl
BL, BEREEE 2, TORTEFERERY, B
BB I REHNL, BEORETE
Beli, MERHEzvIr—AHLOEOEK
RIZENINZ LR FEND B 1D IFRE R Y
Bz, TOREBHNHE Lic, MERROEKREK
BT oKX X vk, £ OFHEICE y EEX AV
7z,

W= <%>:—;Z—-’§%§x 100

% 0y — TNEL
ERE (%)= T X100

2. FERAE

D Bl X 5 RE0NE | REREC
DBA/2# X v BALB/c it @ 4l fn % CBA/J i
DRBEA RT3 Y Vo, DBA/2HER O
BALB/c#toBRE % it L, 1%FCS in RPMI
1640% 7 L+ — v THIEI L o, #2000
Ay va®BL,1,200rpm T 5 4RED LK
PEE LT, 0.83%1E/T7 v €= 2 — & (NH,CD
£0.02M + Y AEEEK 9 | 1 OREAK I CTHRM
HREBEM e hrRELR, PBSICT 3 EHESE
#%, 1.0X10"@/mouse i2 75 % X 5> HFHE L,
RPMI 16403 EBRFFEEILL, Bbhi
DBA/2# 3. BALB/c # oo Rl g % CBA/J i
D fEREA1Z1.0 X 107/ /mouse, total volume 0.5
ml 2:51.0ml &5 L 7 B Zh £+ DBA/2
HE vk BALB/c HE & ZTBL X BT,

2) yA4vE—7znv (yIFN) #5 12X 54
BENE  NK e ESL I3 B0 D, v-
IFN o# 5 %f7>o7, ¥7, CBA/J it & BALB/
CHEX X DBA/2HELXREL XS, FEOB XY 7TH
fdl, y-IFN 80,000IU GEFFHRHBEHH <Y XY
a2v e v yIFN) %8B CBA/J MEE~ v
A DRI Lz, |

3. Effuo fluorescence cytometry

CBA/J 4 ~5EDEE Y #EH L, pool L
AR 2 1.0X108/well & 725 X 5 1%FCS i
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RPMI 16401 CHAEL, £ £/ 7 » —F A HiE
CTMB LI, =2 -1 % —fo EPICS # AW
T fluorescence cytometry »47-o7, BEt:ilax
AU b L5000 D% & LTE L, Bt
L 13 negative control DI RE 1 % L 22258
ShisWBEE L,

4, RREROCHANBER PR

Ralg iy, EIR12B BB 148 BIcBEE LIER
RHRT AR LI, 2 v v — A BETER
FRRVEFET A0 EFERE, WREFCREL
BERL T2 b0 MERBEEL L, WEWALE
#1 ABCEIZ X 2 BB R ERE L BT
L,

5 ®/7wv—FAHE

B #B Ba @ fluorescence cytometry i i,
Thyl (T cell), Lyt2 (killer/suppressor T cell),
L3T4 Chelper/inducer T cell), B220 (B cell),
MAC-1 (macrophage), LFA-1 (lymphocyte
function-associated antigen 1), IL-2R (interleu-
kin 2 receptor), Asialo-GM1 (NK cell) &xf3
LEEE 7 v —FABUER AV, BB OICERR
BERiAERAC3IELZObDRINZ T, la
(class II antigen) X3 5H AL FHEHL .
Thyl, L3T4, B220, MAC-1, LFA-1, IL-2R,
Asialo-GM1iZ*3 5% £ / 7 v —F AV HUKIL R
KFEOFENETEL X V#5250, HL Lyt2Hilk
Bz v FeFvy vk Biladifkiee 5y
7D bORFERHLI,

M 197

S AaR

1. WER

WER (CBA/JXDBA/2) L =2v + r— LB
(CBA/JXBALB/c) &4 DEMNBETOREE~Y
A250ush, ER$188, AFEPRIRE139, BEKIAIR
49, EIRFAB(BEINBO 194 T, BFIRZEKI1396.9%,
MERIT26.1%TH2k, 2 v b r—AFETIE3L
PurR, ERH213, £FRIEH197, BREKRAIRE1S,
IEARFEARR (BEIRED) 224 CHE K ERIZ95.1%, TRE
RIXT.5% THO, ThbbRERLa v v —
NEROBRRDOZE I 0L, MERIZ0.5% LT
ERECHBICMEROFBE» O (F1),

MEFF 3 5 BEEFEOR (Fs LM
FaoREw X 5 HED | mER (CBA/JXDBA/
2) Xt LT BALB/c X i DBA/2#f D 2 f&38
DM 5 X 5 REFREOHE YR 2 1TRL
7z. BALB/c MR CREBREX T oE
&, MERIX17.2%, DBA/2HED BHIEY C ik E
R1329.5% THotc (p<0.05), FRERETO
DBA/2MER MR T O RBERERIFE O MER
17.2%13%, MEROBAMERIL26.1% L v EE
AR D (p<0.05), L7=23>7T, LN CBA/
JXDBA/2D ik EERE 1 BALB/c HED R fa T X
HRBEREYET LBy [REREEDR,
DBA/2MERERBRRIC X % & D % [ ERh R
E L7,

yIFN# 5w X 28k =2 v b e B
(CBA/JXBALB/c)iz, y-IFN O 5% T4

# 1 Resorption rates of CBA/JXDBA/2 and CBA/JXBALB/c

. No. of No. of No. of No. of Resorption
Mouse strain No. of mouse | ;.\ 1antation living fetus dead fetus | corpus luteum rate (%)
CBA/]JXDBA/2 25 188 139 49 194 26.1*
CBA/JXBALB/c 31 213 197 16 224 7.5
*p<0.005

%2 Resorption rate of CBA/JXDBA/2, immunized by splenocytes of DBA/2 or BALB/c male

NI | -El ectronic Library Service

Splenocyte for No. of No. of No. of No. of Resorption
irIr)lmunization No. of mouse | ;1 51antation living fetus dead fetus | corpus luteum rate (%)
BALB/c 21 157 130 27 164 17.2*
DBA/2 61 43 18 64 29.5
+p<0.05
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% 3 Resorption rates of CBA/JXBALB/c, treated by y-interferon
Treated by No. of No. of No. of No. of Resorption
interferon* No. of mouse implantation living fetus dead fetus corpus luteum rate (%)
Yes 9 74 56 18 74 24.3**
No 8 59 53 6 64 10.2
*80,000 IU of y-IFN was intraperitoneally administered for 7 days **p<0.05

LFA-1

o
ke,
2 013,00 o,

- CBA/JXDBA/2

""" negative control

intensity

LFA-1

1

b
f":',‘.‘."i""'\z‘%‘-. .
N 1T -

LFA-}

— not preg CBA/J

" negative control

B
intensity
:CBA/JXDBA/2
:not preg CBA/J

A cell count 89.6%
B: cell count 99.4%

M1 3kEgR CBA/J XU CBA/JXDBA/2iE#ifaD LFA-151R

OB EFH L OB PR I IR LI, yIFN &
SBHOMERII24.3%, FEEFHORMERIX
10.2% THot (p<0.05).

2. REMROERE

1) BE#ERa D fluorescence cytometry

B 1 3 3F4E4R CBA/J RV, #£4% CBA/J D RAH
fao LFA-1IHRZF—EE L /RmLice A b7
S ATHAB, A7 TS AOHENIMARS, 000
DOREHEMBEOAMEIE (%) %, BE#IHED
intensity % 7= 3. LFA-1F5 ¥ 0 fg 3 X F 4R
89.6%, FEIEHRI9.4% & IEFRRFIZIA L, intensity
IR IR X 0 S EH~BBL, B
MR bR, ‘

WERTHSH CBA/JXDBA/2D, Asialo-GM1
BRI L IEIESR11. 6%, IEHRS . 3% & IEPRIFFIC I
WAL, intensity d FRECHA Lic, MURKEE
1+ % IL-2R B 4 #8 B B3 1F 9856.0%, FF 4T 3R

46.3% & EIRIFICHEIN L, intensity b iEIRFRFICHE
muie,

2) fEERE X B EMBROEAL

B 2-1 e RERCK L CRELABE L KT L%
&0 REREESTE (DBA/2KEBMIRCX 54
) R OGEMEFED LFA-1IBHMEO e A b7 5
sxR U, MIRRBUIIELIERE89.6%, HELHRIE
HEFET6.9% & REREEDH TR Loy,
intensity DZE LIZRD bhiehotk, Tihbb,
RRERIETE T REEY e FF T LFA- 1B 444
R rhi Ml h iy, —F, K2-Il
REREE R (BALB/c BRI X % HE)
RUOEMBERED LFA-1O X + 75 a%mRT,
FaBUTIEANERTEBD. 6%, TEERIERRIRTL.4% &
REREE SR T LTz, intensity d B RE
BEREEDH TR BRBD ORI, Tiebb, &
BERENEHTH HHE EMEO LFA- 1B %
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LFA-1
i : LFA-1
— CBA/JXDBA/2 intensity
++ negative control
A
‘g.i o
LFA-1 .fg‘%;
Y A i

A ceﬂ count 89.6% intensity
B cell count 76.0%

A . CBA/JUXDBA/2 {(no treatment)

M B :CBA/JXDBA/2 (DBA/2 spleen cells i.p)
il WA

S AR

~— CBA/JUXDBA/2 (DBA/2 spleen cells i.p) intensity
negative control
LFA-1
A . LFA-1
— CBA/JXDBA/2 (no treatment) intensity
+-+ negative control
b
B % !.t
] ¥t .
LFA-1 it w.rﬁ*.
&... S E;'M’f '-%3{‘.& )
A cell count 89.6% intensity

B cell count 74.4%

A I CBA/JXDBA/2 (no treatment)
B CBA/JXDBA/2 (BALB/c spleen cells i.p)

— CBA/JXDBA/2 (BALB/c spleen cells ip) intensity
-+ negative controf

X2 ES (CBA/JXDBA/2) Lﬁ@“b%&ﬁ&ﬂ&i)ﬁ (1) RUerREALEE (1D Bk
o LFA-1HE

Asialo~-GM1 Asialo-GM 1

kg%v‘...:.u.: .
S s

"r:"ﬁ'&;{-?-: wk!“r:.n"&“;w ‘ =i
Intensity Intensity
A cell count 24.6% A :cell count 24.6%
B: cell count 21.1% B : cell count 35.9%
A CBA/JXDBA/2 (no treatment) A I CBA/JUXDBA/2 (no treatment)
B: CBA/JXDBA/2 (BALB/c spleen cells i.p} B CBA/JXDBA/2 (DBA/2 spleen cells ip)

3 WERCKT S REREESR (eft) HXFE (right) ORAERD Asialo-GMI1EHA
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200 BBV X % PR DA B & R HEREE44s 2 5
MRl S h T b, Bafz L3RI b CNEBMICELE L, 4006Z Ds&TE K1

SeEER e (DBA/2HEIR MR X % 5arE)
K OFEALERFE o IL-2R B3 M A B 0 X 3F AL B ¥
56.0%, FEERELTEA3.1% & CEBRE BT
THEA LA, intensity (X3 E DO BEINFRD
bhic, —7, REEEAENFE (BALB/c B
fRiz X ) ROFENEFFED IL-2R EHMgH
LIEALIRRES6.0%, REEEEERRI.6%TH Y,
RREEE AR CEB A L, intensity % FAF
R DRSSt kX b, IL-2R B MR
IRV E R e B EERHCIH Eh 5,

X 3w ERCH L CABRREX BT LICBE
D S RERR TR TR (right) & REERESRE (left)

O Asialo-GM1E#HME DO e 2 v 75 A%/ L

7o, MBI IEANTETE24.6%, REREENDR
35.9%, REREEDH21.1%THo%k. Lich
DT, FREREESDT T Asialo-GM 1544l fa
D & F O intensity DI FED b d, B
AVEE DA FhEECIT intensity (XB(LL b DD,
BB A L,

%7 MAC- 1B MMlaD e X b 7 5 ADKRE T
B B IE B RE13.4%, REREEDH
11.9%, B%hFF9.8% & REEEADH TR T,
X 0 RAMEB D b e, intensity TR AR
EAEDFHETCRELRTED Shiuwh, EHFEC
BEAED b,

L3T4R5 M MR B R R e 7128.1%, B
F¥22.5% & RFBEADFECIEA L, intensity
b RRRIC R RE B R Tl L e,

3. BB oXHEERNGREE

CBA/JXBALB/c® =2 v } v — A CTHFI
BoBELET 5 IEHEE T, MAC-1, Asialo-GM1
BB 203D b gt chol,
MAC-1B#MRE—H 5 REL THFEL, 400
f& 0 ALK T 208 B 69ME, S5 1 BLEFH3. 58
THotc, Asialo-GMIEHEME O FILIFEH )
75 <, 1455 3, FH 1 0. 2ETH ok,

—7, CBA/JXDBA/20 i ER CHHIEXBEK
BN E T 5RERBE T, Ia, MAC,
Asialo-GM1, LFA-1BEHAREERD b, £ DAt
BT H o7, MAC LBMMID 5HE, T3

T1THREFFR256/8, 1 1 BEH15. 18 & EHRR
EHBLTHAEOEMIED b iz, Asialo-
GM1[Z M2 63 R B 152M, 35 1 HEF2.4
A<, EEHE SR L THI0EOBEMmAZED S
niz, la BB, MAC-1554MR & R—a1h
#ZLTKD, Thl, L3T4, Lyt2, B220B5H:Mka
RD R0 DT, laRRE L T 5
X MAC- 1B/ EFR— & & 2 bhi, LFA-1

BEMEMBILERD bt S, BULIEE b e o T,

% =
Wegmannetal. ® 7 v — 73 BEREE TV
D % CBA/J it XDBA/2# © X CBA/J X
BALB/ciffp a2 v + v — A B HRTCIER LS
WHRMEXREZRL, ZOBERERCRERD

HEELR U H-257% > BALB/c #t D i a5

WX AREREEARIT T2 EMERYBELES
2, DBA/2lED Ml T HKELE VW EHMEL
TWhb, BA I D=y ADWHEERRY AL,
IEIRR O, SRR L b R0 L by,
IR R D W T b I L, TisbhbiE
PRIz X > T LFA-10RE & NK M IE X h,
IL-2R (3{EMALI D, —F, NKfilas~7 =
77 = OnERMLIND LB S EE 2D
iz,

XL VERTHBERESCRKRA L LT, XiF
o HLA #1z class 1T 1 © —% 25 blocking
antibody DELE?ZIHF T B b L EbTE
7z. L& L, blocking antibody 23 EE4 X 7o\ R
Wiz HLA o—%, T 7sb bl RIE O —EA o
REBDOETHEVCEBERTH S ETHRLIE,
blocking antibody D EAREF R TE g &
BBCHUE CTH BRI, B D ORI
DHZEZFDH ETE 21w\, Fiz Caudle et
al.®, Oksenberg et al.'”, Johnson et al.”,
Christiansen et al® 5%, BEEREDY » 71 E1E
HHy SO HLA o—F B3+ 5 =ikl
WEHEL TV B, Fx DR T S ARBIZE & 135
i~ HLA BB T - BEME I > ZRE L
#2435, HLA-DR o—3ix158 (50%) TH 0, fi
D158 (50%) TO—FEishot, TR
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B L2 FRESBI—B, AR XsERR
biisotz, FrReAE T, CBA/JHED < —
b =& L TCHW - DBA/2BED 5 212 BALB/c
Mo MHCTtH5 H-212, H&d H29ThBIC
0o b T, MERCAERENRDLR T
5, LI oTC, BxD0FERNHS D HLA o—F»n
BEREOKERERTHH EFE LI, L
HL, TOEBRTHERL <Y XD, mouse minor
MLC-stimulating T# % Mls #fEF %%, CBA/
J 2" Mls¢, DBA/S 73 Mls?, BALB/c > MIs®T %

h, TREhBLOTWD, L >Te PER
WTh HLA DISNCiER O B E 2 HE L T
2b00NBHFEEMEIBETE I,

4 1XEERA 2, blocking antibody 233 & A
FEE IRV E LT IgG, IgM, IgA 235280 5
2L 72 \» CVID (common variable immuno-
deficiency) FliEfg D HEXFEBR L T\ 5, ZDIE
FICuX, EIRET, EiRP, HERYRBL CiFo
y-7m 7 ) G EAERIBRELTTHY, F
PRI ET LIclRIRERZER I X 20, RO
SHBEOFHRMAOBITIRD TR, T
tib, EIEORILIC blocking antibody 23 %+
BERCBEELCWAABEREVWEEZ DR
%,

KFETRERI X D IL2R OFEBHALRED L
hieh, COEBRTHERL P IL-2R Juiaik, Tac
PR & &R TV BESAIM IL-2R(p55, o 8
BRBTHHMETH Y, o $HX T ML PUERIE
E X D IERILEIh B AR, ro—Biic
FRINBZ EDPHONTVS, KFFELLD,
FiRi X b THR A EAERRIE CH 5 RBIEH
BEA R L C—@Mc IL2R # R 3¢, @b
Dy rFrrick ) NKMREROCLFA- 1O RER %
MEIL T DAJEEENE 2 i, ¥, BRIRO
SEREEE AR A T, RERB CREERKRE
ChRTC=7e7y—oTH#H4 65, NKMaTH
105D HBEERDOHIMH 5 & & 23h»Dofz, LFA-
L, 5 — MRS BN Z IR T AR LER
BEESFTHHH, =7 AT, invitro BT
IL-2% 8w X » % &E X 1 5 Lymphokine-
Activated killer (LAK) #Mif@23, %7z invitro T

201

X NK fifE b 58v LFA- IR 2R3 & 4
INTWD, RS TELFA-LZ T MR R
LTWwa0nX Ik NKMARE»ER LT 00
B BT TS, TREERSHE C1k LEA-1BE 44
B, NK a3 HELCwW AR THBIRRD R
s &, NK fifaa & b5 y-IFN 2854
D EMERNEINT S - &, FEREEYE T
NK #ifunEE b T b 2 & 7 &b, LFA-
ISR NKilachr o> eE2bn5, %
TR THELT 5 Asialo-GM1BE M1k © 3¢
G LFA-IBEHMEOH X b d EAB IS\,
LFA-IBEEDTFTHAH nbELB L, NK
MlrRBc BN EFELCVT, £
LFA-1 epitope HfafiI T\~ 57 LB TE
5.

HEoz & X b BERE®DEREZblocking
antibody D EAEETIX L, ~ =T fifas
g0y & L 7z cell-cell interaction 23] B 2D R K
XL, NKiilabo* 5 —fifgiEta2 M
HTBZENTERNIDICAELD EEZLDHDON
HLBTHAH, DEVEFFETH E~ =T s
LBEATHHBERBRT N NKMLYE
ML s HaBnHEENRS, LL, ERCE
TIXFEE NK a0 LFA-1%2 %3 5 7] & 5
DESLELHINRTWAB EEZOND, EEE
I OBE I LFA- IS O T REBAL T H 5 7o
FERE W NK Ml o CiEgR b ke 3 5.
ZThH L NKMEOESRILO F LB LT
BE&, 2% 0 yIFN 285 L B8 I IER TR
THRMEXR T, —F, EERHZERELER
DB, LFA-IEIAA S h0REKR TS LT
Efownicd, NKMRERILOT B & 720 IR
ETHDOTRIE-HEELBRE, LHLEEE
EWETE LFA-IIH A 5 < TE RV Ok
THTHS, RERER, ESEVE—ThHb~
nA-THRBEGEZIE T X 5/FALTE
b, ZoO IL2R Z#8#HF 5 2 Lk b, NK ik
DEMAELEBMNETHERNTETHREN
LFA-1230%] S WIEED S35 & E X bR b,
Lo, REEEI X D~ —T Mg
#Exh, zhictt> NK#Mifg, <2977 -0
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