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CHRONOLOGICAL CHANGES OF PROTEIN 8§
IN NEWBORN AND INFANTILE PERIODS

KENJI HASHIMOTO
Department of Pediatrics, Nara Medical University
Received May 31, 1989

Summary : Chronological changes of levels and plasma distribution of vitamin K-
dependent protein S (PS) were studied in infants throughout the first 12 months of life.
Total PS antigen (T-PS: Ag), C,b-binding protein (C,bp: Ag), free PS antigen (F-PS:
Ag), PS: Ag complexed with C,b-binding protein (C,bp-S:Ag) and PS activity (PS: Act)
were measured in 450 full term infants with no bleeding and thrombotic episodes. T-PS: Ag
assayed by ELISA were 22.4+9.4 U/dl (mean=+SD) on 0 day after birth (cord plasma), 22.
3+9.4U/dl on 1 day and rose gradually, reaching 72.0+16.8 U/dl at 12 months of age. PS:
Act assayed by modified A-PTT using PS-immunodepleted plasma showed no increase but
considerably higher levels in contrast with T-PS: Ag during the first 1 month of age, and
then started to rise in parallel with T-PS : Ag, reachdsg 75.2+19.3 U/dl at 12 months of age.
Although 54~57 % (same as the normal adult value) of PS were found to be bound to C,
bp in infants after 3 months of age, only 11.9 9% ~34.0 9§ of PS were bound in infants before
1 month of age because of relatively lower levels of C,bp. '

Index Terms

protein S (PS), C,b-binding protein (C,bp), C,b-binding protein S antigen (C,bp-S: Ag),
free protein S antigen (F-PS: Ag)

&

7r 5 4 v S (Protein S ; PS) %, DiScipio? % (1977)
X oTe b L Db I hicsFE 69,000, NKH
1z 10 fE D y-carboxyglutamin i (Gla) BHE A ET5 &
2 3 VKIRFEHEMFERTH 52, 4%, KRTF 04
BiER:, BRBIC DLW TIARHETH » 1edy, ZoBARTF
7e b rv ey, BV, B BFXHFREOEL 3
vKEERRERTIRT 7 = 77 —EERIRRL, &
#At.7 =5 1 v C (Activated protein C; APC) DIERE
RUMBAFLLC, BVRFROEMAFEREL T
BEIHIRNCE < & & 3 B i T i,

Fiz, PS ke t RAIMSERTIE50~60 % 25RO

il

BELFASELT TH 5 Cb-binding protein (C,bp) &4
ALTHED, BYD40~50 BILEHERE PS L LCHE
L, APC ORBIRT & L CHBERE RT3 L mbh
B X 5o e,

R, BERTORZAHMERZRERLDB L
FIAMBRTERD, EFEMBREYRETSEEDLH
iz 4 7V 25V, 7vFraevEVII(AT-ID, 7
v5 4V C(PC), 723 /¥ YDERMRS I\ LE
BERT 2L 0OMREET B EXHKRVTHEI RS
X 5wz, Comp H¥(1984) 1k PS DERMIRZIC L
h IR RETS 1 FRERE Le. LK, FEELOH
B9 E DB Tt 10 BFROERME PS RZFES
HEI TV 51079, BRI, PS XEE, KIBEME
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BB, BRI s S IRER D ) R 2 DFE KR
TIMETL, X PS MHFFCERIhABZ L LYFERT
HETTH B EIRTVA. #oT, FORBRE
vx 3 vKORRRBOF AR L PS 0 £BIET
RHEZE I BN, FEEMR I OB PS 0FEW
BB X O DHERB OO\ TIZB B 2T,

#E TR, PS RO Cbp ML bifidbL, R

B/ ~VARGBELILERERGEZE, ChxAuvic .

Enzyme-linked immunosorbent assay (ELISA) i J:'
%. FEEEE PS & C,bp BT PS o PS HURNZELE %
FESL U 71919, REE TR AR, LRk PSH
REYHLMT 5 BT, EMERBSFOROEE 1H
BXb 12y AcEsEERCoOWT, PS HIFE, &,
B PS @ Cbp & DREERRADOHER LR L.

RENERUSE

1. BExE

a) [EEIM . WEESRICRST 5 EHEREED
MR (30 61D REEEL, BEHicl/9B8D3.8%7 =V
B bV v A LEML 0 SEEOSE L. M, g
DEL I YKEEFIhTWiWEAZHSRE L.

b) FAR, AR REMces s vKESEORAR
7 < MIAER X CMUEEER 2 2 U T 7 W IESEE TE R 3T
AR IA0MG, £H 28306, £%3~4H30
B, £H5~7H30H, RO, 17 A, 378, 67

B, 97 A, 127 Bo/REAR (%60 6 X bigm, Lk

RO F B CIiELE 7. ¥, £y v 7zl
BT 5 ERTE T —80°C It THRE A L.

2. AT PS Rz : EEHOVER LI PS K
RIE X b D IgG HEE 7 A icE, REbe LT
PS-t77r =X 4B » 75 2%FRL, ZhIKEH S —
AR BRI S, PS RS IM#ELREL,

3. T T A v SERHIEE | PS RZ k35
WM OFE LIS b » v KT 5 25 VIFRHE (A-
PTT) HESHRCHELRM. 125l DATH 7 =5 A
v SRZIMHELE 25 4] OFEK M DEEHIC Actin

(Dade, USA) # 100 £l %InL,; 37C, 14MKIGE
2, 10 ul offifk. APC (B0 ug/ul) EHEMULI. 15%
50 u1 © 50 mMCaCl,#Bin L, BEREZRE L. &
E@ERL, PS RZMF CE 4 DBERCERLCIEYR
7 — IR A CIER L Te.

4. £7e5 14 v SHIEE (T-PS: Ag) | EE DL OB
R -BERAEREE (ELISA) ©ilsf. HLPS~v
Al 0.05 M KEREREER (PH9.6) T 2000 5
Z L, ELISA A microtitre-plate(NUNC, Denmark)

& #

12200 1] TR 4 CieT 24 BERIKE L. %5 I%
4% 4 % bovine serum albumin (BSA) %% 0.06 M
IRIRHEREEIR 200 1] H& 4L 37C 2 RERIG X2 7
vy FV S EfTol(stepl). Try v IZEE0.056%
Tween 20 &% 0.02M V vEBEELAERK (PHT7.2)

(AR wTTotkstk, HBRmEL 4% BSA 2&ls
0.02M V vIBEE{AERK (B KTHRL, PURE
LT 4100l TOWRML 4°C, 24RENGEET

(Step 2). Step 2 TORIGKZ AW T TBEEL,
B¥#iz T 1000 f5 o HF ML A RS PS FKEME 100
pl BEEIIL, 37T 2 RFHIRIG &€ (Step 3).

AW TEEE S BIRIZ T 2000 I FE R Lic <t +
v & — CEEBHFE IgG v ¥k (Miles Lab Ltd,,
USA) 100 ¢l #¥inL 37CT 60 NG €. AWK
T+4 7 ti¥#, 0-phenylendiamine % 2% & L TH
i, FEEIXE5~105%2.5M BREBETRIEREL X
# 492 nm TOWIE R FIRE L (step 4).

BE# oM<, & ELISA 1%, ¥R O Cbp #E&H
PS iR L, & PS HIREEXRKELL 2.

5. Cibp #&% PS #iEE (Cbp-S: Ag) : Step 2
DB E TIX T-PS: Ag L& < ATV, Step 31
BT, P PS FREMB I 2 TH Chp FRME %
2000 ML e b D& Ao, BUF Step 4% T-PS:
Ag L& A—DHETITo%. 4, 5o ELISA &
iz, #ifk PS, #fi{k. C,bp-PS complex #X& & LT
FAVEREBAZIER L ELISA 2X - TELhELYE
HE#E L. Cbp-PS complex ¥, ®=ithl @1
DFEXEHEELERTVWEDT, Bbhi Cbp-PS
complex DEHED 5H, K4xDH5FELD PSHHD
EOBLXETE LY.

6. R PS HiFRE (Free-PS: Ag): 4°H7% T
-PS: Ag BHEMD, 5 CTHEELL Cbp H4H PS:
Ag BHEZT\OEME PS HEREAEYHEE L.
#, 4, 5, 6 DHBIEERA204L Y 07—l
w100 % & LT, U/dl TEHELL.

7. 774V SHEDREZEREBRIIKEE

(PS: CIE) : 1mM EDTA 1, 0.075M <X wm 7 —Lig
B (pH8.6) THMEL 1% 7 e — A FEWEIER
L, #imig 8 ul ¥4 Bromophenol blue %< —
H—,lieT7A7 i ve—2753.7cm BET5ET
2.5mA/cm T—RITKBHAT 7. Bk, ALID 2
mm EFCEREARICF TS a0 &, o B
121 %% PS FKEMBEM L %7 7 = — A7 LEIFRL,
—RICIKE) EBAKEN 0.7 mA/cm, 16 BEREHKE) L 2.
Wk EhtE N BB & Coomassie brilliant blue-R250
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THREL Y. Cbp DRITAZEREBIIKENIH PS
FRMIE & B Cubp FRMIEICH 2 € EFR & A0 HE
T -7
8. 4 C,b-binding protein $iE&E (C,bp: Ag) Hl
B L BERES Cbp FRMIE % A\ 7z Laurell #Eic &
Hryy b REESIKEECH - 709, 0.075M <=
F-REE OH 8.6) THMLIL1%B7 Fr — 2
(Sigma, USA) 1€ 1%zt 5~< #i C,bp FREIMMIE %
BRL, Y VIEREIER L. XrF — ABEWRC 10 f2
FRU fe BB E 5 ]l ¥R 0.6 mA/cm DEBEN
T 16 RyfEIkE L 7c.

154 &
1. BRSTER, FURMICRO s migF s w7 1S

A

(o))

Fig. 1.

(423)

FUR O R TTAZERPEEKIKEIE (PS: CIE) | REWE
Ro iR PS oFAEHRICoWT, BFEMEFf v PS
FRME & R EREBESKEEC X b, PS
PR OB AZHE L. EERALEY Y 7 AT,

BRI WALE I peak DE\ slow moving /o35 &,
ZhicE o CTBEBAIICHFSED peak EERT fast
moving 7o DM D arc pattern BB I,

BCRGHT AL R o R Iy v 7 v CIRRRB Rl O slow mov-
ing arc W IRAIL TWiedd, BEACIZBR AL CEF
peak ED{E\L fast moving arc 2ERH Hhic. £#% 1
H®D4 v 72Tk slow moving arc {355 EXRIIL TWw»
e’ BHNCERHE LBD, £%5 A0y Y S AT
ALY RE L Fig. D. —7F, Hfie + Cb
-binding protein (C,bp) RREIMFE % AV ZRTKE

(D>

(B>

Crossed immunoelectrophoresis of PS: Ag.

(A) Healthy adult (Normal Control)

(B) Cord plasma

(C) 1 day after birth
(D) 5~7 days after birth
(E) 1 month after birth
(F) 3 months after birth
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REESKE T, EFRALEY Y 7 3 RSE
BB Al —tE D arc AMEHE S hie. BRI T arc 12
RIOL T W’ EH 5 HOY Y 7 AT arc BV EHE
LG, £ 1 7By v 7 A TIIRAD 2/3 peak &
#/RT arc BBEEIhic. #€- T PS: CIE @i\,
— iR 2 Ui PS HiR arc dslow moving part 1% C,
bp &fEA LA Cbp-S THH, fast moving part %
Free-PS 1wk 53 0 L¥E L (Fig. 2).

2. FARMR CILRMomEROL PS HEE (T
-PS: Ag), C.bp #E&E PS #fiFE (C,bp-S: Ag), &
BT PS H1E (Free-PS: Ag) X0 C,bp HiEE (Cbp:
Ag) OHER | BT A ROMAEER X &% 1EE o
i T-PS: Ag, C,bp-S: Ag, Free-PS: Ag 08 C,
bp: Ag DB ZEE L 7. ELISA Z=CcHIZE L 7= T-PS:

(A

(B

(%)

& #

Ag ik, BRI 30 Vv 7 AT 2 ~45 U/dl (i 8%
fR2£22.4£9.9U/dD THRAMEDH 1/4 DETH - fe.
A1 HT7~48U/dl (22.3+9.4U/dD) & Rkk/EAE
Thoted, HHE2H7~49U/dl (25.4+10.2TU/dD,
3~4H12~41U/dl (26.5+8.4 U/dD) L BE ML
XU, &5~ 7 HTI16~59 U/dl (33.5+10.3 U/
dD LB AfEDO#HL/3 LY, 14 ATI19~61U/dl
(36.6+9.2U/dD), 34 A 12~97U/dl (45.9+13.7U
/dD ERAMBED#H1/2 €BZE LK. 6 7 BT19~127U
/dl (59.7£20.1U/dD, 9 # A 22~123U/dl (66.6+
20.8U/dD & #igkiEmML, 12 ¥ B Ti342~121U/dl
(72.0£16.8U/dD) EAD FTRMEACEEL &
(Table 1, Fig. 3).
%D ELISA ¥ CHIZE L7z C,bp-S: Ag 1%, BRI

€))

(E)

Fig. 2. Crossed immunoelectrophoresis of C,bp: Ag.
(A) Healthy adult (Normal Control)

(B) Cord plasma

(C) 1 day after birth
(D) 5~7 days after birth
(E) 1 month after birth
(F) 3 months after birth
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Table 1. Mean+SD (U/dD of PS: Ag, PS: Act and C,bp: Ag in each age group
0D (Cord) 1D 2 Ds 3-4Ds 5-7 Ds
Total PS: Ag 22.4+ 9.9 22.3+ 9.4 25.4%+10.2 26.5%+ 8.4 33.5+10.3
PS: Ag complexed with C;,bp 10.7£10.6 12.8% 9.8 16.3%x10.7 15.5+ 8.1 22.2%+10.2
Free PS: Ag 40.9+16.6 37.2+12.7 37.0%+14.5 37.6%+12.0 36.9+10.2
Cp: Ag 3.9+ 5.2 6.3+ 7.4 8.2+ 8.5 13.0+ 8.1 23.4%+12.3
PS: Act 42.6+11.5 38.4%+11.6 37.1+13.6 39.6+13.4 38.1+13.5
1M 3 Ms 6 Ms 9 Ms 12 Ms Adults
Total PS: Ag 36.6+ 9.2 45.9%+13.7 59.7%+20.1 66.6+20.8 72.0+16.8 96.1+18.5
PS: Ag complexed with C,bp 30.6+ 9.4 48.2+19.2 56.6%+20.2 65.8+17.8 69.4%+18.1 93.7+15.8
Free PS: Ag 43.0+12.8 48.0+17.2 59.0+20.4 68.3+22.3 75.9+30.4 98.4+26.1
Cbp: Ag 43.0+16.0 67.1+19.8 77.3+13.3 83.4%+16.7 89.1+12.1 95.1%+16.2
PS: Act 43.1£19.1 48.1%+18.7 59.5+22.6 66.3+21.3 75.2+£19.3 90.4%+26.8
:
o . S R
3z . i i r
2 gl : L 3
2" : i £ ..% .
é’ 60 . r - E r '
3 . . b & k E
F 40 . . . - % 1 E:' .. .
J TR RELD S
ClelElp iy 0 '
PTOL
L] 1 1 1 1 1 1 1 1 1 1
0 1 2 3-4 5-7day 1 3 6 9 12M Adult

Fig. 3. Chronological changes of total-protein S antigen.

30 v 7Tk 0 ~47U0/dl (10.7£10.6 U/dD TH b,
£ 1HBTO0~31U/dl (12.8+£9.8U/dD, 2 H0~46
U/d1(16.3+10.7U/dD, 3~4H3~40U/dl (15.5%
8.1U/dD LELETL T
EH5~T7THTT7~430U/d1(22.2+10.2 U/dD & #in
LiIXt®», 178 7~60U/dl(30.6+£9.4U/dD, 3+ A
T3 10~108 U/dl (48.2+19.2U/dD) LB AfEDH 1/2
wELi. 67 A 21~114U/dl (56.6+20.2U/dD, 9
7 21~108 U/d1(65.8+17.8 U/dD) Liik#EinL, 12

7 B T3 42~107 U/dl (69.4+18.1 U/dD) & A D TR
fEwE L (Table 1, Fig. 4).

Free-PS: Ag %, BE&1f1 30 v 7 A Tix8 ~78 U/dl
(40.9%£16.6 U/dD THw1ohd, E#H 1 HT10~70U/
d1(37.2+12.7U/dD, 2 H 10~76 U/dl (37.0+14.5U
/dD, 3~ 4 H13~61U/d1(37.6+12.0U/dD), 5~7
H 14~64 U/dl (36.9£10.2U/dD & & moME X b
ErETL T\ £#%1 7 FT19~88U/dl (43.0%
12.8 U/dD L #En Lk, 3 7 A Tix20~89 U/d1(48.0
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+17.2U0/dD L RAED# 1/2 g L. 6 ¥ T17~

134 U/d1(59.0+20.4 U/dD, 9 # A 22~123 U/d1(68.3
+22.3U0/dD) EEikEEML, 12 ¥ B Tk 41~142U/dl
(75.9£30.4U/dD ERAD TREMNCHEEL &
(Table 1, Fig. 5). )

Laurell #CHIZE L 7= C,,bp cAg iy, BRI 30 v
TR0 ~15U/d1(3.9+5.2U0/dD, &% 1H0~23U
/dl (6.3+7.4U/dD, 2H0~24U/dl (8.2+8.5U/
dD), 3~4H0~32(13.0+£8.1U/dD &EDTEMET

B L T\, &#%5~7 BTiX8~51U0/dl (23.4=%
12.30/dD, 14 A 12~79U/dl (43.0£16.0U/dD &
WL, 37 HTi226~108U/dl1(67.1+19.8 U/dD &
BAEDHK 2/3 B Lic. 0% 6 # T 41~117U/
d1(77.3+13.3U/dD, 9 # A 37~113U/d1(83.4£16.7
U/dD) &g, 12 ¥ BTik49~117U/d1(89.1
+12.10/dD LA D TIRENICE L 7= (Table 1, Fig.
6).

T-PS: Ag & C,bp-S: Ag D, FE#IMTIX0.12

2 : .
5 . . . . .
o 100} ‘ . . i oo
f; ¢ . : . 1y
< . - F bed
g 80} . L : t 5'
3 - ' = e .
. :
& R T -
8 H [l t‘ [ ]
< 40 ) ) 2 & i- '3 !‘
» - = ._ . !
o . . . b ]
L oI & SR
0F T }, {g:- P g F by . .
w . p-3 .
{r b ;' F r‘ . *
m_h.. dose. 1 i L 1 1 1 i L
0 1 2 3-4 5-7day 1 3 6 9 12M Adult
(cord)
Fig. 4. Chronological changes of protein S antigen complexed with
C,b-binding protein.
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o ) r ’ b
100 . ] F i
3 . : : : *
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< e : k P !,— ]
Y R T . F | E i .
8 ] . ’ i’ ] E E l. ' .
' H w ;‘ - L 4 5. § !" .
wF L £ £ L 8 F H
L (F e E E L i
of RTRLTIT e e
1 1 1 1 1 1 1 1 1 1
0 2 3-4 5-7Tday 1 3 6 9 12M Adult
(cord)

Fig. 5. Chronological changes of free-protein S antigen.
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Fig. 6. Chronological changes of C,b-binding protein antigen.
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. | F POt :
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I - JE - VOO vy | | | 1 1 1 1
0 1 2 3-4 5-Tday 1 3 6 9 12M
(cord)
0D
(Cord) 1D 2 Ds 3-4Ds 5-7Ds 1M | 3 Ms 6 Ms 9 Ms 12 Ms
Mean 0.12 0.16 0.23 0.28 0.31 0.3 0.55 0.54 0.57 0.56
+ + + + + + + + + +
S.D. 0.10 0.11 0.11 0.08 0.09 0.10 0.17 0.05 0.12 0.11

Fig. 7. Chronological changes of the ratio of protein S antigen com-
plexed with C,b-binding protein to total-protein S antigen.
The area surrounded by diagonal lines indicates healthy adults
values.
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+0.10, 4451 H 0.16%0.11 2D TEMETH - 7. £
#%2B870.23+0.11, 3~4 H0.2840.08, 5~7H
0.31+0.09, 1% A Ti20.34+0.10 L WiZk¥EkAL, 37
AT 0.55+£0.17 L iZIFA Vv < v 0 3K (0.50~
0.60) 1L, k6 HT0.54+0.05 94 H 0.57
+0.12, 12 7 AT 0.56+0.11 TH b A#ED LK cH
Bl (Fig. 7.

= #

T-PS: Ag & Free-PS: Ag o lhiY, BEHINTIL0.82
+0.18, 441 H 0.76+0.19 L D THMETH » 7o, 2
#2H7T0.70+0.21, 3~4HO0.68+0.13, 5~7H
0.5240.14, 1 7 ATI30.54+0.12 L WikiETL, 3 ¥
HAT0.4840.12 L IZIERA YV~ D HEK (0.40~0.50)
L. 67 AT0.44+0.07, 9 7 F 0.42+0.08, 12
7 AT1%0.4510.06 L FEO R TH - % (Fig. 8).
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. & o Hd 3
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: . 3 - ~ 1
0.21 . .
| | | | | | 1 1 | 1
0 1 2 34 57day | 3 6 9 12M
(cord)
0D .
(Cord) 1D 2 Ds 3-4Ds 5-7Ds 1M 3 Ms 6 Ms 9 Ms 12 Ms
Mean 0.82 0.76  0.70  0.68 0.52  0.54  0.48  0.44  0.42  0.45
+ + + + + + + + + +
S.D. 0.18 0.9  0.21  0.13  0.14  0.12  0.12  0.07  0.08  0.06

Fig. 8. Chronological changes of the ratio of free-protein S antigen to
total-protein S antigen. The area surrounded by diagonal lines
indicates healthy adults values.
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3. HERMR ORI o miEFRD PS EHE (PS:
Act) DR | BB 30 ¥ v 7 AT 20~73 U/d1(42.6
+11.5U/dD) THho7. £ 1HTII~68U/dl (38.4
+11.6 U/dD, 2 H5~64U/dl(37.1+13.6 U/dD, 3
~4H7~65U/d1(39.6+13.4U/dl), 5~ 7 H5~68
U/d1(38.1£13.5 U/dD & B OME X v EEER L7
2, ER 17 AT7~97U/dl(43.1+£19.1U/dD & BEE
I LIA®, 37 BTi12~97 U/dl (48.1+18.7U/
dD EBAEDOH 1/2 LIz, 6 7 AT 19~119 U/dl

(59.5+22.6 U/dD, 97 A 25~123U/dl (66.3+21.3
U/dD) &#igksEmL, 12 7 BTk 33~128 U/d1(75.2+
19.3U0/dD ERAMETRRICHE|ZEL = (Table 1, Fig.
9.

(429)

Z D PS:Act 22 T-PS: Ag, C,bp-S:Ag, Free-PS:
Ag DWFThEFTLTHBT B0, £42OWTOM
Bi& sk,

PS: Act & T-PS: Ag oMBIRE, BEHMTlly=
0.91, £# 1 Hy=0.92, 2Hy=0.89, 3~ 4 Hy=0.88
ERIFTHoTe. 5~ 7 HTRYy=0.75, 1 ¥ Hy=
0.67, 3% Ay=0.60 &2vic b FREMET LB R R
Chotett, 64 ATy=0.88, 94 Ay=0.88, 12 & A
Tiky=0.82 L HORIFcHMHEER L (Fig. 10).

PS: Act & C,bp-S: Ag DAHEAMREUS, BE# M CiXy
=0.81, £#%1Hy=0.83, 2Hy=0.87, 3~4Hy=
0.76 LAHEOHBIRIFCTH o . A5~ 7T ATy
=0.63, 17 By=0.60, 3% Hy=0.60 &= DEHIDH
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Fig. 9. Chronological changes of protein S activity.
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