Ak mmEE 12(3) : 235~239, 2001

LYV IX®
074> SREE
= 1 = N S A = TR Nt

Protein S Deficiency

Takayuki NAKAYAMA*!' and Tetsuhito KOJIMA*?

Key words : protein S, anticoagulant protein C pathway, thrombosis

raFA4 S kit

a5 A4S (PS) Bt 3 v KIKEEEN
D 1OT, TR 80,000 D—AFEEHTH
%, KEBSIAFCER S 523, WM, B
B, B EREK L Ty EES NS, PSHEET
(a-EBEF) F3FROFEDOPLL.1~qll.2 2
JFEL, &R 4Bk TISHOAL Y ra v
WD 7Y vt b, %1z, #95% OHE
HE2ET 2 RERT (B-8ET) AT 5.
BEETE, Bl 7Y URHEELRVWI L,
27V D acceptor splice site DZFH
BB r, SHAFDA Ny Fa N 2EER
BIckz7v—ay 7 VERDLOICEE SR
TWEHEEINTWS, LrLAaDsBEEGT
DFED Tz ® PS OB FIENHDREE & > T
W3, BEHHBRKEL 520K A4 s
5o TWwS, $7&bb NKEE»S Gla N XA
v, HEBERIEDEE RBUKEE, PS TGk
FO Y EVIC K BOEEZITRTWER, BX
P4 5D EGF K X4 Y i3iErotE sy v KK

FHMERTICEML T B, Eroxr) v
FaF 7 —YEHE RS OREBEROENME R
A4 YRR T a4 R RVE RSO SRS
BERTZETH D, IMBEF TR HIEIR T
D1oTH3 C4BP LD 60%MFEEL T
B, mHEZ2RT DIZ 40% OWEEERITH 5V, M
I 20 5 25 mg/L DEETHHALTEH
DY, FLLESY v KIKEEEHD 1 D>TH
27a75 4> C (PC) ® co-factor & L TE#<.
PCix, B 10 & < AEFMIC I IE N g
FobtorErrverY—n1>oThHhS bar
REYV2) VIEE LI by B X v iEl
ftans., wHEbanzas74 > C (APC)
&, IR —HF VT IFR—F—{ L
5 —1 (PAIL-1) 2ARVEL USARIE 2 RIET 5
& & b IMR e IS YR - CHER 9 5 1M
WEERIC 2 HET 2. 2 OBRFEHER G
1%, APC Bt REN TH 2 WEMHLE V
AT 5 & 0L VIIL HF % BRI RE S
B35 Lick B, £7- Heeb 513, PS 23, ¥E
ML X WHFB L OEEL VRFoESESEE L

L B REIRE—NEL (T 466-8550 £ BRI AT 65)

First Department of Internal Medicine, Nagoya University School of Medicine (65 Tsurumai-cho, Showa

-ku, Nagoya. 466-8550, Japan)

Tel:052-744-2145 Fax:051-744-2161 Email : tnaka @ med.nagoya-u.ac.jp
*2 [6] fREERL (T 461-8673 A ETHHRRKAZER 1-1-1)
Department of Medical Technology, Nagoya University School of Health Sciences (1-1-1 Daiko-Minami,

Higashi-ku, Nagoya, 461-8673, Japan)



236 HAMZILMEREE 5125 B35

FAFAXEY ————— O

¥

FAZLEY FAMEET U -EEE

FOFA 0

AenFuaTA-C + FATAPE

Pl -~ o

FoAZ “Wﬁ HEEEv AT \‘$m¢

FhFA—F— FHHEEIET

A e Da—1

1 7uo5 4y CaEEimER
prothrombinase 4% HET % £ \v»o 7z APC R 1 PS REEDHHE
CAFHNL U 7o B ERE S D B Z E BE L T - PS il -
VBB LTS5 T, Mo PS 2SR b L < total  free
B B s e S P 3 TYPE I ®BF | EF &F

biﬁﬂ’]i RHEHD 5 PS RZIEL BTl TYPET | EF | E% ¥ |S7RY
APC OxhHE B X 8PS B4R O HiEE FExh 2 2315 TYPE III BF | F¥ EF

o nfER OMBREREERENEL S, ©2IC
EEFIED b OB T 2 MBREFEL = FR L
7o 513, HBikd 3 & 912 PS RZAEDHEE X
W E W O RBEIC AN T B LERD S,

RS S UBH

192 FIC R4 YD S 2>~ THiES N
Scientific and Standardization Committee of
the International Society on Thrombosis and
Haemostasis, Subcommittee on Protein C
and Protein S O#MBIC X 1iE, PS RZFEIFR
1o L5 3BcnEInsg, 1Z»rOBEKT
RZIEDGE & FRRIC &R IB L HINEEICK
AEidh, PSOEEIX C4BP EOfEIC &
> TIHEMED KD NS 72 O1E > OBEE R TR ZAE
WIEH SN DR & v o TR RE b
FAET 5, BEE TOMEITIZ LA LD Typel
F 7213 Typelll T, BREE CTdH 5 Typell &
LI 3BIDOHED D 5123 Ko7,

PS RZHEDZHMIL, BEERFHEFEIC & 5 PSS
HEOETIC L > THEE S, ELISA %2k %
¥ PS PR B X OFEEE PS HURE O HIE 5 R
%E[E L T subtype BSRE S NS, L Ly

5 subtype I & - TEMMSERIH 5 b 1T
TR BT 3 & 5 wwinEdh o PS EMEEIC
ke zankEw, PSIIEY 3 v KFKESE
EHDO 1D Thrr oty 3 v KEKKRS
2 & DI PSEITEHIE T 5%, Lcds->
TMREDEED IO T TP ESY & v KE
KIS I N TWBEERITIE PS KRZAE T <
EHMmEC BT S PSHURMEASETLTwS 2
B, TOMEDOATZHZLSITOREL WL, ©
ZWZE»roEsy 2 v KIKFEEAPURME (Fa
ey, EVIKF, FIXEF XK
T) OET Mg+ 2 2 S ETH
5.

TRRES & UHRAR

PS RZIEIE, FELR OB HEHE 5 1 I fE
LTBI2BREORREBLEBTREEICLIDIH
T 2 RREEESHOhTwD, kL7 &
SHESY 3 v KEHEE I LV M PS Hi
JFEOE TN TH 2 LREOBEERRATY
W3z enMonTws, EHEE PS &0
BT % &7 TRBICHHER, & 7 v — XERE,



Fily, & a5 A > SREE 237

BUME, EERYYE, DICR ERNHD s
BUZMMREDRERNER>TWwWL EEZ N
Tw3Y, ) VIREIRERESCAKER EDY
A WA REGYE, SLE 2&0F L THt PS Jifkas H
BLL 7z PS RZIEER G SN TW» 5971,

FeRME PS RIZIE X H R EOEEEEE % L,
REE2RD S B 1IRICERE D D 5 heter-
ozygote &, 24K & b E'E 2 H % homozygote
¥ & Uf combined heterozygote £ 3% 5. Kl
4 D& 5 heterozygote TIHIF D PS L~
W 30~50% 1B T LT\ 5, BRI IZHE
ETIHIEEAEEERTH 228, ZDRIFT
FR B IR AR A <2 I AT 2E &\ o 7o B IIRIMARSE % 6
ZLR®T W, LaLadns, BiRIEE, =
T H HENRCRIRE 2 O X 8 2 U IEFID Hhs
INTWBY, —7, AfREiH PS v
{&F L Tw 3% heterozygote T HELKET %
> 7z L MRHE 242 2 & 2 WERT S %\, heter-
ozygote D HIZ X, MBREDHEEDFH »H D
(clinically dominant type) & & W 3 @
(clinically recessive type) 235 % &5 ThH %,
Wi BRI 72 ¥ B 7x 2 2RI T b 2 231
REFECIEPOER LG L Twi eEzoh
%, BEIE, Mty s v K 8HloROfEsnd
&7 2 A EER T PCE OB OE W
PgERFOE T 2R & REEEORR L% %
D THEEPLETH 5, ERD PS KRZIER
FICHUBEFER 2 FRRICHIT S RE N &5 »

WBEMOH 5 L ZHTHLBEIWERARERE Z
WHETIIT> Ty, L Lo Filik
WEHEVRS TR S L 256, ERMOFED
YN & 2B TEN D 2HE IR T RET
b3,

homozygote ¥ X UF combined heterozygote
X E b TH TS TEBIRORE D H 25 1218
e n~ i PS VAL E 0~5% & 3
BICIET LT Y, #Hrad RN EE SRR &
WHNSEIEDOBIMEREZET 5 2 EB% 0,
4otk 1~2 HICBIEH & £ O J 8 o H i 5E5E
PEBEL, 2HOEMLLFEMEMZRIC L 2

WAEEELLFRIITRTH S, BEIE, A
HEEIZ X~ %) RS aTF 7 —¥ A e EY —
THEAYNVBHRFY—b, XVNVEFT 7
TR v Mg O X B PUBEERE: & B AT
IS X 2R BEEE B IS, ERSELE DT
BHE s v KEFoOROBRERL~/ ) D
FTEHICEID I v — 2o Tw 258
WIXNHETH 5. FRM PS REAEDOFEMHE
X PC RIBREL D 0w & SR, TR S 13, —
ANOZB T 2 18515 58 Bk TOFRM 213 %4
E18IEM S 60 K E TD 179 ADLMHEIZOWT
WM 2T WE D 5 B D 2.04%5 PS RZHET
Hol- bfERITTVBY, LaLians i
P OBEE T FET 52D THhIITERMELE
BROMEITD > LS WIETTHY, PCRZ
WSR3 2 BRI SRR O g Y e 5 T 30
BIRRED 2 2 L& 2 THSHBOME P LE
ERbhD,

BERBINETR

W TRRER L 72 PS RZIEBE ORER %25
3. FEIRE OBMIE, 1981 Fi12 30 RPETET
Je D JERE THAE L T2, & NS B ER IR IR 1
L2 b0 rEREE CHRESN, ORI
vy s vy KEFHOROBRSIZLL2bS T2
H DS 6 A A 1 BT OEREIRIIARE
ZRRDR L, MBS & 2 ABGEH 2 RE
ML ENTz. 1984 I T EEEREIRIMAERE I & b
%0 HEERIE 2 FRE LT BIEETH IV b —

B 5 TR

BE&E 1 PSRZEBRHFIC



238 H A 12 225k

H12& H3s

A mwE

Eﬂ@ﬁ;fn?4vsxzﬂ
# : AT4ArD Wy ERIREE
B2 ERMESoT A2 S RSIEO—FKHR

P& oeeonie

VIEHETH Y KEEELHREL TS (BERE
1). FhnE ORRE b [FRE D MRERHE O BEE R
wonizizd (F2), MEECREZES L
PS, C4BP, PC, 7>F burvr I, 77
AL =7 UERFANIE 25, 8PS PURE
459, et PS 1R 1296, PS 1EMAE X 169 & Uk
DL Tz, ZOMORFORE IR SNT
iU VBB APC VY 28 » A DFLE S
BEMNZ &0 PSRZEELZITE N7, M
BIEDBEED H % Ffdic B W T b EIRE D PS
PURME & PS EMHMEOK TR S iz, HHE
T2 PS REFEIC BV TIE 113 FEHOEE T
HEPRESINT WS (The Human Gene
Mutation Database URL :http: //archive.
wcem.ac.uk/uwcem/mg/hgmd/search.html)

, RIFHEORMIMY > 8BRE D HiHE L 72
DNA %W TIT o 72 B TRITTld 474 Arg
(CGT) #a—F325¥ by rDF I rAD—
WEBEBOHEZR S PS Nagoya £ &ffIFoh
7o, T IRV AERELZB I L 474 Cys
(TGT) &% Z EWTREREINT, 474 Arg ZB0L
DEFEEYID PS 72 6 N2 Z DEEEHICB
RO —METIE, WInd Arg 5 LI
Lys OfENET 3 VRRICBREFESIN TS 2 Eh
FIHAL 72, FEIREBRIC BT Lys @A L01%
FIEE W E Nzt L Cys, Ala, Gln &

PR TIZMEY LA EIBIE Sz,
JE & Jt FSDS - PAGE T & IF % PS & 474
CysPS O FRICII KX L= sl B
Emne ZOIFALD Cys NDOEHN PS O &
WWRERERE LIS L, ZRBHIEASHEC
DR P ARER D PS R ZHEDOIRKKAE & 75 -
TWw3 I LD S L7,

X #

1

=

Dahlback B:Inhibition of protein Ca cofactor func-
tion of human and bovine protein S by C4b-binding
protein. J Biol Chem 261 : 12022-12027, 1986.
Dahlback B:Purification of human vitamin K-
dependent protein S and its limited proteolysis by
thrombin. Biochem J 209 : 837-846, 1983.

Heeb M]J, Mesters RM, Tans G, Rosing J, Griffin JH :

Binding of protein S to factor Va associated with

inhibition of prothrombinase that is independent of

activated protein C. J Biol Chem 268 : 2872-2877, 1993.

Heeb M], Rosing J, Bakker HM, Fernandez JA, Tans

G, Griffin JH : Protein S binds to and inhibits factor

Xa. Proc Natl Acad Sci 91:2728-2732, 1994.

Schwarz HP, Heeb M]J, Lottenberg R, Roberts H,

Griffin JH : Familial protein S deficiency with a vari-

ant protein S molecule in plasma and platelets. Blood

74 :213-221, 1989.

Bertina RM, Ploos van Amstel HK, van Wijngaarden

A, Coenen J, Leemhuis MP, Deutz-Terlouw PP, van

der Linden IK, Reitsma PH : Heerlen polymorphism

of protein S, an immunologic polymorphism due to

dimorphism of residue 460. Blood 76 : 538-548, 1990.

Hayashi T, Nishioka J, Shigekiyo T, Saito S, Suzuki

K : Protein S Tokushima : abnormal molecule with a

substitution of Glu for Lys-155 in the second epider-

mal growth factor-like domain of protein S. Blood 83 :

683-690, 1994.

Hesselvik JF, Malm J, Dahlback B, Blomback M.] M,

B D, M B:Protein C, protein S and C4b-binding

protein in severe infection and septic shock. Thromb

Haemost 65 :126-129, 1991.

9) Malnick SD, Sthoeger ZM : Autoimmune protein S
deficiency. N Engl J Med 329 : 1898, 1993.

10) Peyvandi F, Faioni E, Alessandro Moroni G, Rosti A,
Leo L, Moia M : Autoimmune protein S deficiency and
deep vein thrombosis after chickenpox. Thromb
Haemost 75 :212-213, 1996.

11) Morange PE, Alessi MC, Barthet MC, Aillaud MF,
Harle JR, Piquet P, Juhan-Vague I : Acquired protein
S deficiency, likely due to anti-PS autoantibodies,
following a thrombotic event in a patient with a
systemic lupus erythematosus. Thromb Haemost 78 :
1416-1417, 1997.

12) Sacco RL, Owen J, Mohr JP, Tatemichi TK, Gross-

man BA : Free protein S deficiency : a possible associ-

ation with cerebrovascular occlusion. Stroke 20:

1657-1661, 1989.

2

=

3

g

4

=

5

N

6

=

7

=

8

<



dily, 13»: FusA > SREE

239

13

14

15

16

=

Z

N

=

Mahasandana C, Suvatte V, Chuansumrit A, Marlar
RA, Manco-Johnson M]J, Jacobson LJ, Hathaway
WE : Homozygous protein S deficiency in an infant
with purpura fulminans. J Pediatr 117 : 750-753, 1990.
Gomez E, Ledford MR, Pegelow CH, Reitsma PH,
Bertina RM : Homozygous protein S deficiency due to
a one base pair deletion that leads to a stop codon in
exon III of the protein S gene. Thromb Haemost 71:
723-726, 1994.

Pung-amritt P, Poort SR, Vos HL, Bertina RM,
Mahasandana C, Tanphaichitr VS, Veerakul G, Kan-
kirawatana S, Suvatte V : Compound heterozygosity
for one novel and one recurrent mutation in a Thai
patient with severe protein S deficiency. Thromb
Haemost 81 :189-192, 1999.

Nomura T, Suehisa E, Kawasaki T, Okada A : Fre-
quency of protein S deficiency in general Japanese
population. Thromb Res 100 : 367-371, 2000.

17)

18)

18)

Yamazaki T, Katsumi A, Kagami K, Okamoto Y,
Sugiura I, Hamaguchi M, Kojima T, Takamatsu J,
Saito H:Molecular basis of a hereditary type I pro-
tein S deficiency caused by a substitution of Cys for
Arg474. Blood 87 : 4643-4650, 1996.

Yamazaki T, Katsumi A, Kagami K, Okamoto Y,
Sugiura I, Hamaguchi M, Kojima T, Takamatsu J,
Saito H:Molecular basis of a hereditary type I pro-
tein S deficiency caused by a substitution of Cys for
Arg474. Blood 87 : 4643-4650, 1996.

Yamazaki T, Sugiura I, Matsushita T, Kojima T,
Kagami K, Takamatsu J, Saito H: A phenotypically
neutral dimorphism of protein S:the substitution of
Lys155 by Glu in the second EGF domain predicted by
an A to G base exchange in the gene. Thromb Res 70 :
395-403, 1993.



