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FF—XI I OOREENT-E T F > OMLIEZ ]
b4 2 Z L2 & H MMP-2, MMP-9 OFEAMIE X O
EEIEORENHEETH 2, S B, [ERD in situ
zymography I&. BERTENED 53 % TER 72 JIE L 2>
TERVWN, FIZ 13X T F VERE—»D 7 4 VAT
EDERRST LD, FERMNMCHETE 0D
DR CH 5, TOFHI% Fig 2 107,

Ponceau 3R staining

incubation

i

MMP activated cell

thin coated gelatin

cell

N

polyester film

Fig.2 Principle of film in situ zymography (FIZ)
Particularly processed gelatin is placed on a polyester
applied on this film. This film is incubated at 37
Ponceau-R and hematoxylin solutions.
becomes transparent.

(macro)

{magnification x20)

0

Point

Fig. 3A  Diagnostic criteria for FIZ
Gelatinase activity is indicated when film becomes
transparent, because gelatin is disintegrated and the
stain disappears. The upper part of the figure exhibits
macroscopic findings and lower part microscopic
findings. When no staining is observed both micro-
scopically and macroscopically gelatinase activity is
rated as minus (—). When no staining is observed
microscopically but red staining is detected macros-
copically, gelatinase activity is rated as plus and minus
(). When red staining is not observed both micro-
scopically and macroscopically in the corresponding
sites where the sample was applied, gelatinase activity
is rated as single plus (+). When red staining is not
observed both microscopically and macroscopically in
the corresponding sites and their surrounding area,
gelatinase activity is rated as double plus (4#). We
have graded the ratings as 0. 1. 2. 3. etc for convenience.

(

MMP non-activated cell

=

film. Thereafter a sample consisting of exfoliated cervical cells are
°C (99°F) for 24 hours, then double staining is performed using

/
N

When gelatin is digested by gelatinase, the red stain of gelatin disappears and film

Fig. 3B Diagnostic criteria for FIZ
We put one sample in six places on a film because
judgment makes it surely. Positivity for threatened
premature delivery was determined when more than 6
points were obtained. We showed it in the right of the

figure, for example, it become 11 points in total with
this film.
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L. T 30 DR ERIZE R . Bt 2{To72,

3) HIESE

FIZ 7 4 )V 1 % R > Y —3R LW (RIS i 3K,
Japan) 23A o 7o R EHIC AL 4 I EE, Tk
TI0AMEATELL, ¥4 Y=~ b F V) VER
(NDYAEZE, Japan) T 2433l 7z, HERAHRT
10 s3fAGE N Uy 1 IRHEEL R EARRZER LHE LTz, 72
B, arbro—nre LT, MMPHFRITH 2 1, 10-
phenanthroline (FIYGHiZE, Japan), ¥ > 7 o7 7 —
YHEHITH 2 AWV NFV— b (R,
Japan) % FER7 AV AWRERA—T 47 LIcbD
RV, LR E RRROI 2 TV LTz,

4) HE

¥ 7 FF—EHEEERD 2ESEE T F 230k
S, Fas vz olE L OEEHE R 5, £ 2
TAWIFE Tl AR S BEERC b IHE L Tz
WHDE (—). RIRFNC LI Il U TSR
BELT»2bD% (+), AIRENCEAR L7 (LE 28
ZFTWEHELTWE D% (+). B LIAIEE#E 2
Bl Twa b D% 2+) &Lk, & & HIE R HE
b aebiczhzih (—) 048, (£) 15, (+) 2
B, CH) 3Rz TRt LT (Fig.3A), &5
WCHERS R 2 —ET 2720 6 ROBRHH L.
iz mBdb L &st 6 sBA B2 L L7z (Fig 3B),

2. Zymography

FREFER & LT INEBHEER S & OFRBHERRIC 3 1
% MMP-2, MMP-9 OFFHE % HERR 3 % 72 © zymogra-
phy 21757z, 7 BHEMGEEHE Lysis buffer (pH 8.0 D
Tris 10 mM, EDTA | mM. Nacl 400 mM., 10%glycerol,
0.5%NP-40, 7 vit+ YV 7. 5mM, 7 w1t phenyl-
methylsulfonyl 0.l mM, DTT I mM) =8\, a7
7 —YBHEHRS 7 70— %= A (Boehringer Man-
nheim ##L, Indianapolis, USA). K T 30 4R
U7zo 74 £ — MiE 5 14,000 [HEET 15 53055
BExfTv, TESEZ IR T2, & >3 7 BRI,
Bio-Rad % > /¥ 7’853 #1% v b (Bio-Rad Laboratories
#H&L Hercules, USA) THIE L7z, Zymography 3.
10% Zymogram Gelatin Gel (Novex Invitrogen) %*1{#
HU. &Y 7 VOBELIKE 21T o720 KB L7 Vv

o4 FHS5E

& 2.5% Triton X WZRIERT | KRG L78, &
% 1Z incubation buffer |22} 37°C T 6-12 BFEI G L
720 % D% Coomassie brilliant blue R 250 YA & T Y4
th, XY — v /BRI T 21T - 12, I S Bia &
NIz O FERD» SWEER (pro MMP) B L O
RO MMP-2 5 X O MMP-9 ORERZTT- 72,

3. Western blotting

zymography & [F] U % > 7V % A » T MMP-2,
MMP-9 D#fiH % Western blotting 3% W TIT5 72,
I L, Y > 7 IWAZ[EHARE D sample buffer & EA
L7250ugD X7 E% 4~12% KD 7 7)) 7 &
K7 Ml Z . 200 RV b T 50 43, BRUEKEI %17 -
Voo ¥ > % 7 E X, blotting iIZ X - T PVDF &
(Invitrogen 181, Carlsbad, USA) ~EEE. L. Jpki
HIZ 3 B2 B D 5% i fig ¥y ¥ % & 2 PBS (0.05 M
Tris-Hel, 0.15 M Nacl, pH 7.4) dnz 8 % 1 B OR:
I & o TRl L7z BEYIE £ DT 1,000 530 11
B L« blocking buffer i C anti-MMP-2., anti-MMP-9
B %\ 3 anti-actin P& (Boehringer Mannheim %)
ERIC R LT, R fRwicg, A7 ey
MIFEZ P ERWTHBR LT, ZhEehny X
TR R—AT T4 vy ar~ v x5 —¥ THEH
L. enhanced chemiluminescence (ECL) HJ western
blotting 343 (Amersham Pharmacia Biotech, Uppsala,
Sweden) %z F\WT 2 XA T L7z, 2 eh o
> R TO intensity i, 7 7 F > HRD/ N> R TREHE(L
L7z,

4. SIEHEBILFHIRE

YUIRASGHERR . SUBIERERERT D MMP-2, MMP-9 D5
TER RS % Te DS HB L AR L 2T o 7o,
FHRSA LA A% 72 72 5 12 OCT compound
WCEEL, 7944 YT AR v— (HEREE.
Japan) 12 CHifE L M & T—80°C 12 TRRAE L 72, 9
Bt RFEEA % cryostat 12T S gm O3B S
YIR 2B L. 87 & » 2T S SR, dealk
EARN77A4SABF v b (=F VA Japan) I T
fTotzo B, —XKIURZIEHE b MMP-2 [LEEHTA
(EF—2 S AV Japan), Hit b MMP-9 [LIFEHifR (8
—2 S H)V, Japan) L7z,

5. ELISA

PUIE B & OSHE R % FI v ELISA 12 T, total
MMP-2. total MMP-9, active MMP-2_ active MMP-9
DEREAT o720 JUIEARARIE P INIRERERR .. SR
BHETDOZNEND Y o7 B, ELISA i
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DIEIFIWC BT 2 €7 F F—EEELEEE I, 918
(~1635) 45% (60 - 27 ), HHA (17 8-28 i) 39%
Q6 B 10 41), £ 3 (29 3H-3638) 41% (3441 1 14
). WEA (37 H-5310) 77% (47 HIF 36 41) TH D
TR E, HPE - SRR, SRR S & R
Bl & & B ITHER LT,

2) IEFHRIERNC %1 % FIZ score

TEEIEREN] 81 iz 381 % FIZ score HIEfE 2
BLORAKZBWT2DODOE—7 %2Rk, 64% 13 6
SR 2 s L7z (Fig. 4A), IHUREZCE D FIZ score S
HEERGET S 5 SIEIRVIE-16 8 & T 6 SO
B ENLE . R 17-34 % Tl 6 SR CHERR L.
35 LIRS FIZ score WHE FR-T 2GRN E Sz
(Fig. 4B), & 72 YWHEREDKHATH 2 4R 22-35:HT
i, 35S ERERE AT 6 iR zZR LIz, ZOFERE
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Fig. 4A Distribution of FIZ score in normal pregnancies
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Fig. 4B  Distribution of weeks of gestation on mean FIZ score in normal pregnancies
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¥ 7 F P —CEROHRIC OV TR TR L
720 RBRIF IER I I 2 - T i HIER] (37 38~)
L U7z Y FIZ score B & OBMERIZ . S H T
S woh R LI (Fig 5) (Table 1), SEFIENIC B
% FIZ score 1337 ¥ B8 7253, FEFHEICHGS 3
5 & I D L 12T FIZ score 23 FAH-9 %
fE 2D 72,

4) YREREEFIOY 7 7 —YiEk

YREFEE 43 (FFUR 17~3638) oL T, FIZ %
RWE Z 7 — CIEEE G Uz, U EERIGER,
i 92% (14 Bth 13 61)) & ERIZEGME (FIZ score 6 55
Dbzt ZR Uz, —J5iaREE Tl 36% (30 firh
11 H) EREERIC BB R R U e, IR ERTo 72
30 fEFIR SREGIDIREE L Tz,

5) ULEFEEREGIOEREE O

YREHEEZIT & D E b IR 2 BR. 2 0% 1M
i\ SRR 2 BRE L . FIZ %2170\ Z OfGE %
1B T2 1R & D ULEER S B8 & (2 M R
IRAER 2 13 LT 5EBIE 10 SEGIT 8 fEFH D [HIRF I

=N

HoaE HS5T

FIZ score D TN R 57 (Fig 6), & D FIZ
score YA L B & . IEFEEE 631t Term (37 H~)
T 7.96 . SHER BEAEER00 S ThH - 123, YhHH
FEDRFHNCAHY 3 2 IEHEED 22~36 HTid 442 /5T
HY. THUCHARD EYRERER GRIGERE 1012 /5.
PRERPEGERE 6.60 ) 13, W bIEFEFICHEART
BERICEWEZR LU (Fig 1), %72  VRERERTA
JEI1Z L D FIZ score DK T ZEED 77,

FIZ score

18

6
4 . ’ v’D" - s
e "
2
0 i 1
—3weeks —2weeks —1weeks Oweeks
Fig.5 Dynamics of FIZ score in term pregnancies

The figure shows changes in FIZ score with term of
pregnancy. We have illustrated FIZ score positive rate
from 3 weeks before delivery day to delivery day.
According to our speculation, positive rate increased
towards delivery day.

Table 1 Changes in FIZ score with term of pregnancy (n=15)

. . 3 weg:ks hefors 2 weeks 1 week On delivery
Collection time delivery day before DD before DD da
(DD) d
No. of cases 7/10 7/11 10/13 11/14
Positive (%) 70.0 63.6 76.9 79
Score (average) 6.9 7.2 8.2 10.1

FIZ score

0 Tw 2w 3w dw

Dynamics of FIZ score in premature labor
The graph made from FIZ score of each case. The
scores increased towards delivery day.

Mnean of FIZ score

12
10
8
6
4
2
0 L "
normal term (37w-) cervicitis premature labor
vaginitis
Fig.7 Comparison of mean FIZ score between normal cases

and other groups
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6) FIZ score & 1.7 A% —¥{l L DHIK

GO RIEY—A—ThHbTI7 A —¥HEL
O LLig 2 Yl FLEE 18 FEFISHE KK IC D W» T 72,
ZORER, =9 A Y —+¥{H & FIZ score & DI I
r=0.7166 &FERH A D72,

7) FIZ score & [fIfF CRP {ED HiK

UIEEEE 18 FEMIZ B % FIZ score {E & [E]HF 12
E NIz CRP{E & OENCHHETIEER D & e h o
T

2. EREER

SEOFERESE 2, FHEWCBT 2T 5+ —¥H
MEDOHED—D L LTHZ 52 IR GE R
EHWTY T FF —EEEOBEZET LTz,

1) FUBHHRRICB U 2 EREB LT T T —

LI

DRSS O MMP-2 D fa g et % Fig. 8A 12759,
RN, AEIEHINE & b 1 MMP-2 O R{EH
HTE, 12 MMP-9 Ofufggett b [RIRR T L 2 s
L7z (Fig. 8B),

2) SRR DX T 7+ — it

JRFRDY Z FF —LiEEEEET 5 7201 JIED
ST 2 W S O Y47 & FIZ O il
A% g Utz FIZ 12 X 2 JIBSHERR O ¥ 7 77— X1k
% Fig 8C o, JESHERAPIC ¥ 7 7 — X
X AP 2R IS EREUC L D5 MMP-2 O
JRAEER & —E LTz,

3) BNEMERIC BT 5 ¥ T FF—¥ (MMP-2, 9)

DRI L BERIEE

(D zymography

WKFER B & OARBAER] O JREfEl 3 & OFF
BSER OV T BT H MMP-2, MMP-9 OEERTS
MBIz (Fig 9A)s BEAIERNC 351> T JUBERHE
B3 FEREEEES 12 X MMP-2 O W BE RIS T 2 7R 0
7%

@ Western blot

WAER b & O ARREAHE S D UIERGE S 5 & OFF
BB O WT I B W TH MMP-2, MMP-9 D% /%
7 FERARD Tz (Fig. 9B). BAKERIZ 381> Tld zymo-
graphy DS & [k 1 ISR ER 1 FERBRE AR 1 LEx
WL 8 R FEERD T,

® ELISA

ELISA & 7% i\ /e BEAKFE R 36 U 2 E EAE R T
13, active MMP-2. active MMP-9 OS5 EIZ, Wi i
b IUBRREER 0 5 ST IER S 1 e T W E 2

AIE M1 4 FIZ 2 X 2 kS aaaiic

B 2¥ 7T —EEEOBH —463 —
& L 7z (Table2), ¥ 7z. total MMP-2 8 X U total
MMP-9 IZ DWW T b [FIFROFER 21572,

4) SERSE OWET

O YREREFEHICE T 2EEHmEOY 7 5 —

i

zymography [Z X V. MMP-2 8 X Uf MMP-9 £ %

NIEZHH 2300 7208 (Fig. 10A). Western blot Tl

Immunostaining( X 100) Immunostaining( X 200)

Immunochemical staining of MMP-2 on fetal mem-
branes

We confirmed localization of MMP-2 in amniotic
epithelial and chorionic cells of the fetal membrane.

Immunostaining( X 100) Immunostaining( X ’()())

Fig. 8B Immunochemical staining of MMP-9 on fetal mem-
branes

We confirmed localization of MMP-9 in amniotic
epithelial and chorionic cells of the fetal membrane

same as MMP-2.

Immunostaining( X 20) Immunostaining( X 100)
o A S s g,

Y LBAAE, W N

Fig. 8C Immunostaining and gelatinase activity in fetal mem-
branes
The upper part of this figure shows MMP-2 in fetal
membrane tissue by immunostaining. We confirmed
MMP-2 localization in amniotic epithelial and chor-
ionic cells of the fetal membrane. We obtained simi-
lar results for MMP-9. The lower part of the figure
shows gelatinase activity in fetal membrane tissue by
FIZ.
However this site was not stained therefore we
confirmed gelatinase activity at this site.
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ol

unruptured unruptured
ruptured artificial ruptured
membrane membrane

Fig. 9A  Gelatinase (MMP-2 and -9) activity in fetal membrane on zymography
A : ruptured cases, B : unruptured cases
We obtained random of the fetal membrane samples from pregnant women who underwent elective Caesarean section.
The samples were obtained from ruptured and unruptured parts of fetal membrane.
We confirmed gelatinase (MMP-2 and -9) activity by zymography.
Ruptured part exhibited enzyme activity more strongly than unruptured part.

Western Blotting
A B

i

4 i
mpturefa part T rupturgd part
unruptured part unruptured part

Fig. 9B  Presence of gelatinase (MMP-2 and -9) in fetal membrane
There were increased levels of both MMP-2 and MMP-9 and their activity at ruptured part of fetal membrane.

MMP2 B XU MMPO DWW d ¥ 87 FEIA Table2 Measurement pf gelatinases in fetal mem-
Do iz, branes in cases of Cesarian section
(@ ELISA ¥ L 2 SE0& R O F & Rupture part Unrupture part
e EES] O SE RN 2 F v 7z MMP2 5 X O Total MMP-2 1007 5.048
MMP-9 FE& Tlt ELISA &% Wil %175 7z, total Active MMP-2 5.67 2.871
MMP-2 1 X OY MMP-9, active MMP-2 & X 1" MMP-9 Total MMP-9 6.34 4.469
T XCHIERRETH > 72 (Fig 10B), L L. FIZ Active MMP-9 229 1.249
Score, =7 A ¥ —+£fH, CRP i &£ DFHEHIXFED e v > na/ml/ | g wet tisue

7z (data not shown),
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Fig. 10A  Gelatinase activity of cervical mucous fluid in premature labor cases
We confirmed gelatinase (MMP-2 and -9) activity of cervical mucous fluid in premature labor cases by zymography.

ng/ml/1g

wet tissue
1.4 T

1.2
1

0.8

o

0.6

0.4

oomol

0.2

0

Total MMP-2

o oo qp'mo

Active MMP-2

DOQ'Q

&
o
8

Active MMP-8

Total MMP-9

Fig. 10B  Measurement of gelatinases activity of cervical mucous fluid in premature labor cases
We reviewed the correlation of Total MMP-2, Total MMP-9, Active MMP-2 and Active MMP-9. However, there was
no correlation in FIZ Score, elastase in cervical mucus and CRP.

=

THRSEE RN IC B 1T 5 MMP B X O TIMP D14
BT 2GS 13T T2 d B8, AR Tz T
i OFREEGRIE S L UK E D ¥ 7 7+ —E DIF
% FIZ i & 0 {3 2 k2 BFE U Tz, Ak
1. EEOE AR T 2 2 LN TE LT, TIMPs
(tissue inhibitor of matrix metalloproteinases) 7% & D5
BWAEE LT TNIER S B WIEROEIE I~
FITOXZFF—EiHEE2 EHICIBETE 2790
FIMERE W EEZ B,

ERIRE 2T Tl UREFEERHE ., (ER IR & L
LCEEIZE T 7 — iR 2R & 7BoKAE
Bl B 2 INEHE O € 7 7 > — X1, BHERLIc s
WTEWEAEB L2 OEEROFRHR2HD Tz, ZO
LY BUKDOFERO V) D & LTI 2 ¥

2~

7FF—EEEOERBES L TWws 2 k%2R
Lo 2 O, E XS8R e BE T HIY —
B — BoKOFHI~—H — eV 55 2 EXREBEh
720

FIZ score D SBALDOFEA I DWW TIE. IEH YRR
B W T, SMRIERT 1 BERRTOWHES Tl 21 ek
th 19 BRAEDS 6 s LA B E IR Uz 28, K TId 64% 73
FIZ score 6 fiLAT 27 U KRR 22-35 H O YA
EDIRFATIE. 2 DO FHEN2HE T 6 AT 2R L
720 PLEX D EWEETIX FIZ score 6 fiLLE =51k &
LTt 217572, 72, FIZ score HIEERIIDL
B2 3B\ T VLB RO THIMHE 6.60 B X UG
FEREDOTHGMHE 1012 13, IR 22-35 BHO IEHFFED T
6 442 CHANBHO DI EEZ R T 2 EnH b RFD
Z OB 6 o 10 ADOMICEET 2 2 L 3%y
ThsERbhiz, LirL, BAEDE Z 2 3YERE
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Detection of gelatinase activity in cervical exfoliated cells
from pregnant women using Film in situ Zymography (FIZ)

Atsushi NAGALI, Keiichi ISAKA

Department of Obstetrics and Gynecology, Tokyo Medical University

Abstract

We attempt to examine gelatinase activity in the cervical exfoliated cells and mucous fluids from pregnant women as a
predictable marker for local inflammation.

The samples were collected from 160 normal pregnant women and 43 women who were classified as premature labor in
Tokyo Medical University Hospital from May 2001 to February 2005 after obtaining the informed consent. Gelatinase
activity was detected by using FIZ. MMP-2 and MMP-9 were measured by ELISA. The preliminary experiments were also
done using fetal membranes and cervical mucous fluids.

Our data showed the successful detection of gelatinase activity in fetal membranes and cervical exfoliated cells from
pregnant women. Women with premature labor expressed especially higher rates of gelatinase activity than normal pregnant
women. It was suggested that gelatinase activity was related to rupture of fetal membranes. Also these results indicate that
FIZ may be one of the useful tools to detect premature labor.

{Key words> Gelatinase, MMP-2, MMP-9, Premature labor, Chorioamnionitis




