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Shear stress-induced platelet aggregation in children with minimal change nephrotic syndrome
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Analysis of the hemostasis system using biochemical techniques in children with minimal change
nephrotic syndrome (MCNS) has previously been restricted to in vitro assays. The recent introduction of
measurement of shear stress-induced platelet aggregation (SIPA) using platelet-rich plasma(PRP) has
facilitated detailed investigation of the hemostatic system in vivo. In order to further analyze the etiology
of the thrombotic tendency exhibited by patients with childhood MCNS, we investigated SIPA at both low
shear stress (L-SIPA) and high shear stress(H-SIPA) in 14 children with MCNS using PRP collected
weekly after commencing prednisolone therapy. Seven patients were newly diagnosed cases of MCNS
(ND) whereas the remainder had suffered a disease relapse (DR). Prior to prednisolone therapy L-SIPA,
which was thought to be affected by fibrinogen (Fbg) levels, was significantly increased in both patient
groups compared to normal controls (17.4+4.1% vs. 3.6+0.7 %, ND vs control, p<0.01 : 11.74+3 % vs.
24+0.7 %, DR vs control, p<0.01) with values declining at weekly intervals thereafter. Plasma Fbg levels
in simultaneously collected samples followed a similar course. In contrast, H-SIPA, which was thought
to be affected by von Willebrand factor (VWF), was significantly enhanced in MCNS patients after 1 week
of prednisolone therapy compared to the controls(45+5.1 % vs. 26.3+3.5%, ND vs normal, p<0.05 :
36.9+3.3% vs. 25.5+1.6 %, DR vs. normal, p<0.05). Plasma ristocetin cofactor and VWF antigen levels
in simultaneously collected samples followed a similar course, whereas thrombin-antithrombin complex
(TAT) levels remained constant. These results indicate that SIPA is enhanced in the acute stage of
childhood MCNS, especially L-SIPA prior to the initiation of prednisolone therapy and H-SIPA after 1
week of prednisolone therapy, and that these phenomena may be affected by plasma Fbg and VWF levels,
respectively. The enhanced SIPA may play an important thrombogenic role in the acute phase of
childhood MCNS.
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INBREFEME A 7 v — YIEREED 80 %% 5 2 Nk
Bl % 7 0 —¥ fE B Ff (minimal
drome : MCNS) %, BIBE AT o4 FELRSICL D EPL
REMRESHIRFTE 20, L LAaWsS, AT YD AR
ST/NEICBWTHERLEIHEL LT, WFHKES LU
FEREICEMICIBEL2 G807 2 2 L PHonTWw5S, %
DFIEREF & LT, kD & MMM O FAED, /)N
WHERED TUHEDY, 7 4 7'V /47 > (Fbg) R VI T D
% ¥ OEEZORE, %5 N2 plasminogen DR, &
WO THARBERDREESIER S L TW R Zh e D)
B, IMEEEE B L ORISR T ORI, MPEEHORF
A DY R I ME O F5RAFE) 9 2 i C OB H & O
TCHESFELTELY, LTLH s OMMEERTO
A IMTEFIE D ERNERNTH 2 Z L 2R T 2 b0
TR, 61, bbb T TIC/RLTER LI,
WIFRFO AR ICIMRFUIRNFTH 27 > F bu ey
(AT), Yu7 A > C(PC)B L FERER 71 7 1 > S(free
PS)ME T4 2 Z & 4 MCNS DIMKEFIEIC K X  B5
LTwabDEBbhnz™d, UL, ZhsofilizR
TOERTIR, FIRRIENDBESIIAEZ WL DO, BIkR
MO E+THCHALE S b D TiE A\,

WA, IMASFEFAE ORI IR, #Fi2, 37D )5S (shear
stress - 7) DGR EH SN TW Y, F 0 7 &%, I
BENERNSMINCECT-REARIC L > THRETZ2H0
T, ADPZEDT7 T=A MOEIIC L > TEF S A1
MBS & 13 BRix o e B R FF D, Z OIMV/IMRESE %
I D i ST EGE ML/ &% £E (shear
aggregation I SIPA) EIEONO, E{RNIZ 6 1) 2 IMAETE B
BICESBES L Tn s bR a L TWw 1719,

SE, bbb iid/hNE MCNS 12 517 2 METER % 4
BPMFARGIC & DT W TRET 3 2 HINT, WI%k D
2 WITFSED S REE I 458 H 72 0 SIPA ZHIE L
Tz E72, AR IZEES § % von Willebrand A
F(VWF), Fbg, AT LU turtEr-7>Fhure
YHEER(TAT) O L Hb¥ THRET L 72,

il

change nephrotic syn-

stress-induced platelet

PO S

1998 4F 1 H & 2000 4E 6 H DRI Zs B IE 7 E R K
BIRBE/NRERL 2 & Nz 2 OBERBE I ABE L 7z 5~14 5%
(F#) 8.4+ 1.4 1) ® MCNS ¥ F& 1R 7 6 (W1 568 BIR6

B, ZZWR BB XU 5~16 5% (9 9.7+ 1.5 5) O MCNS
PSR T B (RFeRe: B 6 fl, 2R 1) Zxfg e Lz,
nB, o DEFIZVTR S EIIRD 5\ IFEIRIRE %
BFL kDo, 2 70— VREMBEEOZW L 1974 FEDE
EBTIEHE DM EREOICHERLL 72, ks, @EDAT B
A4 FEER THED P ICERREN G S 1, Z OROWIRE
R EUHREDE, 6V AUNICHAEEZZD VLD R
MCNS & U7z, /2, R, FHRTCHULEOEH
PRI 3 HEA LK b D & Uizo IEFEXHRE L CEER AR
T T 4 7 OlEERWz, 2B, BEERIC O W TIEE
ReZzDWEd L IIREFICA VT4 —LF -
b 2 TOEEZH T,
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1. MRRIFERER

MR O EBUIPIFGITIE 7V F =Y a 5,
BHROITIE 7Y F =Y o CHRGHTE 2 3EERNCTY,
Dt 1B 48H £ Tfiote, £, EEMREL
T, BEHBEART V7 4 7 OMBHRAEO R & BIR O 1M
RRARERIR & [[IRFICTT 5 72,

ik oML 7-2MIFwextL, 38%7 =) b
Vo 1A 2 M, 800 rpm T 10 srfEE.0rBEL, %
M/ M 4% (platelet-rich  plasma : PRP) 2572, & &1
3,000 rpm T 15 435043 B U C Z 1M/ INR I 4% (platelet—
poor plasma : PPP) 257z, PPP T PRP FDI/IMEE %
300X 103/l 1238, PPP & & I 2ERIMA & 2 BERLIAN
12 SIPA O Il 5E % #7572, PPP 13 VWF, Fbg, AT 5 X
U TAT ORIEICHE L 72, F 72, [EIRFICERER L 72 11 % A
W CIMEALFERE (MWEREE, 7V 7 3 5o IR
IV AT U —)VH) BITo T2, PR IZFH O FEHR % H
Wl To 72,

2. 9 IohERIV)\iREEE (STPA)

Fukuyama & QOFgFE L7z a2 — > 7L — B SIPA fllE 3
EVEHW, Thbb, IM/IMRE 300X 103/ ul 1ZFHEE L
7z PRP400y! % a0 —> 7 v — s BEEERE RO 7 v — b
WWHAL, a—r2EER&E 2 2 & CIVIMRIZT D e %
B LTz, BB 5 6 [, ~V v A-2 A4 v —
P—HE»rSFKEL v —F—HEa—r 71— DM
REEESE, X544 — 8 e oy —CEbEz @R
WES 2 2 & TM/IMRBEERZHE L 7z, PPP 271 —
MZii7z Lz & & OB E %2 100 %, BfpliaR 0B R
0% & L CEARBGE 6 MEOBLREEIETERR LI,
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FTOIGHE, Ia—VOREREZFHES 22 £TO
~108 dynes/cm*F THEEIZ 71 7' T A ZfHTr 2 LIS T X,
6~12 dynes/cm*f2 £ D&\ 37D ) THEIEL S 1 5 low-
SIPA (L-SIPA) &, 90~100 dynes/cm* 2D E T D S
THEB Z 15 high-SIPA (H-SIPA) 124317 THIE L 7222,

3. VWF #i/RE (VWF:Ag)

2fEFEOE ) 7 u—F VifkE Wiz ELISARIC L %
v » (SHIELD DIAGNOSTICS von Willebrand Factor
Activity Kit, SHIELD DIAGNOSTICS Ltd., Dundee, UK)
ERAWTHIE LR, 9%bb, —R¥ikeLTHhie b
VWF v 2 1gG &/ 7 a—F Lk Z2EMA LY v
2, WAOFHRE (05%7 Y MFE7 V7 22 E01%
bronopol # & ¢ 0.05M V) > EERAHE (pH7.4)) TS50 %8B
£ U200 fHIZ AL 74044 (PPP), & %\ i3 VWF fZE#EY)
BORmWARYN 22100/ $OHZ, 18~25°C T 6010
SEA Y Fax—bg AULKBMHOERE® (032%
bronopol % & & 0.16M & =7 [ % i i (pH7.4)) T 5 [A] ¢k
Bll, STRICTRPAE LT~V A ¥ v — PR
N VWFE 23 Xk %2 K~ 22 100 w/ $O8%MmL, 18
~25°C T60+10 K JE & ¥z, FOYREE T 5 EYE
WL, FOE (0025 %iEEkSE & 0.2M FE#E/0.004M 7
T VAR (pH6.0) I2 Y X F )V A )V A F & K (DMSO) B
X ov3, 3, 5 5, tetramethyl benzidine (TMB) % ¥ fi# L
7z b D) 100p! R THFHEAS W58, BRI R 450
nm THESLE ZHIE LTze VWF:Ag ZHRRIE O FR I [FH
WHIGE U7 VWF BV (b b IS (RS o
VWF $iJEiZ, 3rd International Reference Standard 91/666
12X DHIEE A) OFRFCRYIORIEE 2 o fFRL L - AR
MO RDIz,

4. VWFI) R pF a7 7249 —iE4EE (VWF:RCo)

Macfarlane 52¥3 X (F Read 5220 FEICHE L, [MI/IMK
B3 (HEMATRACER-1 ; NKK, #HE) % AW CHlE
Lze 3%bb, BEHEFTOF 2~y bR 200X 10°/ul 12
FHEL L 7= [F E M/ (formalin-fixed platelets : FFP) % 25
ul A i, HBS$E f& ¥ (20mM  HEPES, 0.15MNacCl,
pH7.35) % 190 ul ¥RNI4%, HBS (EEW T 10 AR L 72
WRIMSE % 50 wl M2 720 T HBS (EERW T 25 mg/ml
WL 7-) A v F >~ (ALPHARMA AS, Oslo, Nor-
way) 10 ul ZEIML T, WHEOZEALL» &5 o iz EEEl
R OBITE S H & OE = (tang) %2 F v THIE L 72, VWF:
RCo i, ABIE ORI [FRHCEE L 72 IEHE 7 — vl
DAFRPRINDWHE D 545 5 L7z tand % 72 E R D
53K DTz,

5. 7471) /%> (Fbg)

bo v EVRREPIC L Xy NT =Y T AT 4 T
1) /4 >, Dade Behring Inc., Marburg, Germany) % >
THE LTz Thbb, 4 —L v—_uF— VB (pH7.35)
T 10 EFW L 72 M5 200 1l 12, F a2 B9 (100 u/ml,
Dade Behring Inc.) % 100 x/ JNZ T b & > E > KR 2 81 &
Lize 7470 7 vald, WEOREE L REICHE
L7c7 4 70 77 EEMEOFFERYIO b o > v i
TYEBL L 7o &Ko 72,

6. 7F bOrEV(AT)

BREEFOWCL 2Ry PRV Z7u—4A T F b
v E vl #— b B, Dade Behring Inc.) Z A CHlE L
oo Tb b, MK - 3EHEBEARZTNETN3 U
WhurEVRE 800U/l ~X) EBRIMLIY ¥ a-
hw > E > (2,5001U/l, Dade Behring Inc.) Z 0.1IM kU
A-E RaFy XF V-7 3/ X% >-NaCl #&f#H (pH8.2)
R L 72 b D) 175 pl 21Z T 37°C 3 HEKIG S ¢,
EREEHEWR (N V-7 ) -7 a ) -7 ) F = )L-5-
7 2-= buREBAY a7 K 3.8 mmol/
[, Dade Behring Inc.)33 u/ 2L CTHRRE L #H#RE, 405
nmZBF 50, 605 L0120 BBROBLELHEL, K
HEEACEE2EE Lz, AT EIZ, MIAORIE B L [FKE
WCHIE U 7o U OREHEIM S O REE LR & D M &3k
720

7. bOrE-FUF bOrEERE(TAT)

ELISA@EIC X 2 Fy b (ZAvY 7 « Fy 25 A, TAT
Test Kokusai-F, E[FEEAIE (BK), #7) & HWTHIE L 72,
Tixbb, EHAEKT 2 FARL 2 RRIEE 200 xl B
X OEfTE (bovine serum albumin 3 X OF chicken 1% %
TN 72 10mM ) > R (pH7.2)) 100 wl %50 - v >
Eyx U AR EEMH L2 F 2 — 7w AR, 37°C T 1045
MG S, W (0.IM 277 ) & > -TisEe - ~ ) w7 A-
AE LT NV v AVW (pHI0.5)) THEE, ~Vt F v
& — R b AT &4 FHURIE 300 wl 2L T 37°C
TOSMA v FaN— N LT, Wi TUEEL, HPPA
HEW B-(p-EFu*y7x=)) a4 vk 40mg/
ml 7 &R EREW) 300 ul ZEML T 37°C T 10 45K
B, FEE, KIFIEE (Tween20, EDTANa, % &
T 10mM V) > BRI (pH7.0)) 1 m/ 23RN L TG %
1Tk & W7z, IR 323 nm, HOBHIR 410 nm THOLTR
BERWE LI, £72, TAT &%, WHEOHIEICE LR
WHIE U7z TAT BHEYVE O FHERY O HOLTRE 2> & 1E3
L7-Eiiir 5 85H L,
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Table 1. Changes of clinical characteristics in patients with fresh MCNS
Variable 0 week | week 2 weeks 3 weeks 4 weeks
T-P (g/dl) 4.0+0.2 4.8+0.4 5.7+0.1 6.1+0.1 6.2%0.2
S-Alb (g/dl) 1.6%x0.2 2.6%£0.3 3.5%0.2 3.9%0.1 4.2%0.1
T-Cho (mg/d/) 454+ 19 421 £41 356£ 19 326£26 312£17
U-P (g/day) 3.54+1.05 0.52+0.32 0.03+0.0I 0.04+0.02 0.05+0.02

Values are means £ SE.
T-P : total protein, S-Alb : serum albumin, T-Cho : total cholesterol, U-P : urinary protein

Table 2. Changes of clinical characteristics in patients with relapse MCNS
Variable 0 week | week 2 weeks 3 weeks 4 weeks
T-P (g/d/) 5.5%0.3 5.5%0.2 6.0£0.1 6.1%0.1 6.2+0.2
S-Alb (g/dl) 3.3%0.2 3.3%0.1 3.9%0.1 4.0%0.1 4.2%0.1
T-Cho (mg/d/) 289+29 376 £30 324+22 283t 16 266t 12
U-P (g/day) 8.15+4.56 0.06%+0.02 0.06%0.01 0.05%0.01 0.18%0.13

Values are means = SE.
T-P : total protein, S-Alb : serum albumin, T-Cho : total cholesterol, U-P : urinary protein
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Fig. 1. Low shear stress-induced platelet aggregation (L-SIPA) in children

with minimal change nephrotic syndrome (MCNS)
Values are means*+SE. (¥p<0.0l, *p<0.05)

8 . METSFEHIRET 2. SIPA
Mann-Whitney ® U 7 A b THIE L, 5 %A% A mK 1) L-SIPA

#r Uiz,

ﬁ‘i =

1. FRERIREAMR

PREE I3 WIS B & OSSR I 13 (WD) DAL 238 1223,
U R=vVarEE2EBICEERT(—) I Eol, F
fo, MIEREELT VT S Y OET25 NIV AT B
NOEEERDIA, FL K=V o 5 45EBI 326
TIRTCIEERKIZZ: -7 (Table 1, 2),

WIFBECR 7V R =V o v #5570 L-SIPA 78 17.4+
41% &, TEHHE3.6420.7 % LAEE (p<0.01)IC &fE
Tholze 7V PV O 5 1EBTIFI2E22% LK
TEFAZR LD, KR, EEMNES2H12%CLERE
(p<0.0)IZEETH o120 7V K=V #5258
B S SIETFL, IEEMEEORMICERE XA SN L
otz BEFEED L-SIPA 377V R =V o VBEERHT 1.7+
30%, SV R=Vuor#EE % 105425%T, 2%
O IEF T 2.0+0.7%, 3.640.6 %12k LA & (p<0.01)
WKED STz, TV =V u Ui 2 EEDRIETL, E
WX & DFICEEE R ALK Ko7z (Fig D,
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von Willebrand factor antigen (VWF:Ag) and ristocetin cofactor

(VWF:RCo) in children with minimal change nephrotic syndrome
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Values are means* SE.

2) H-SIPA
VIFBEOHSIPA X 7 v F =V v v 557332+
11%, 7V R=vVorfs 1 H#%45.0£51%C, b2
FNENDOEE26.8+11.7%, 263+35%ICtL TH
H(P<00)ZEMTHo1 SV R =V u 5 25H%
DD H-SIPA OME IR L, EHENEE OB ICEEE
FH om0t FHEO HSIPAZ 7V F=Y0

VISR 26,6 £2.6 % TIEH X 27.1£1.9% & OffIcH
BEBRD oM, v F=vVoriEg BRI
36.9433%, L F=Vuor#EeE2H%TIE364134%
Y, FNENOEFEE25541.6%, 322+2.5%2 ML
BRE(P<00)ICEMEER L, 7V =Y o ri#m3l
BB LU0 4 BEBIER L, EESREICHL, AEEEAS
N %% -7 (Fig.2),
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Fibrinogen (Fbg), antithrombin(AT) and thrombin-antithrombin

complex (TAT) in children with minimal change nephrotic syn-

drome (MCNS)

Values are means*+ SE.

3. VWF:Ag

WFEED VWF:Ag X, 7V F =V o 55404+
43%C, IEHEA5~165%RICILL TE L EBETH > 1z,
Ty R=vVu s 1A% D 443456 % L EEAR L,
v R =vu o5 2 EBLRRRZCET L, 458
BTHL2BLEO XL PPEETH oIz FBHRBETIEITVEF
=V UEEEHT 14913 %L IZIBIEEB ThH o708, 7
V= Vo o 1 E%IE 194122%, 23 Tl 181+
I8%EbLITHTIEDI0EMEER LTz, HE 3 HBLIEX
bEER < BEEAEBICIZ167213% & 7% 5 72 (Fig. 3) .

4. VWF:RCo

WIFEEHTIE, 7V =V or#&E5E o VWFRCo »
36032 % TIEH I 45~140%IC L THEETH > T2 7

L R=YVu o5 1 5EB T 398433 % & B EA R L 72
23, 2B TIX 245436 % & 2 BB B IRLICET L,
PV RV o5 4 BB TIE 224437 % ThH o7z, BF
FETIX, v R=VorBERio VWEF:RCo i3 158423 %
ELTPICEBEERLIEIET T, v R=yar
HE EBICIE 216443 %L o iz A FE L, #EE3HEE
DB 3RZICIRT LT, BE 4B 151219% L 2o
7z (Fig. 3),

5. Fbg

WIHKBHEOD Fbg ik, YV F =V u #5528 743£115
mg/dl T, TF & 15 (5 1 180~340 mg/d/, # |t 190~420
mg/dDICH L TE LS EETHh o7z, SV =V
5H%IET L, Bt 1E% X 358168 mg/dl & IZITIEH
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Bic A, DBHZIEE R -7z, BRETH SV =
Vo U EEERTIE 390138 me/dl L b T HhCEETH -
N, ZOBRBFETL, v F=vory#EaIERCR
270425 mg/d/ EIFIFIEFER & 20, & 2 EABUREIZIE
BRI 7% 5 72 (Fig. 4),

6. AT

WIFHEED AT X, 7V R =V o #5505 61.7+63%
T, EHEB80~120%Ictb L CERETH -7 L2L, 7
Vi=vergSiIEgELs e 2BEBTRZEAETR
147+15%, 171+52%& LR L, Z0O®%Ix LFEM T %
S5 4BBITIT 159454 %L e oz, BREETIE, 7V
F=yo s HEaEpit93+65%E IEFEBTh-7248, Fv
F=vo e | E% 129442 %, B8 2585 157+59%
ELTHTHhIDEMEER LT, a3 AR - FME
M7 <, ¥R 4EBTIE 144+7.5%Th - 72 (Fig. 4),
7. TAT

WIFERED TAT 1%, v R =V o r#&5hie &5 1%
TN N 0.85+0.16 ng/m/, 1.36+0.26 ng/ml & 1IEH
1 (=£30ng/ml) ChH->7, LrL, v R=Vuars
2% T3 643+4.08ng/m/ ¥ FH L, ZOBIZETL
THE5 458121 1.43+0.11 ng/m/ ¥ IEH I 75572,
HERETIR, 7V =Yoo R EE 28R
T 1% 2.39+1.43 ng/ml, 1.34+0.25ng/m/, 1.79+0.54 ng/
ml EWTFNHEFEH Th-o7, YV N=V o a3
®TIE3771292ng/ml b ¥ ERMEMAERL
DO, HEE 4EBIIE 1.10£0.16ng/ml & FEHEBIC % 5 72
(Fig. 4),

z =

TR, X0 AR PR 2 FEEL U 722 ORI K
BT % in vitro EERRBHEL S M, FEROFRIERTIIE
SN o Te Tz i3 MARTEEBERE SR & I S T & Tz,
Fric, MEMWICAEL 23D 6T IMARTE BGERE I R 2%
BERIZT ZEMNREN, EHEED T B8,

TS, MENE2TRAZMTE»S4ELC2HDT

7= (MWRGEE) X {du (MFERE) /dy (MERE) }
DR TRENS, MFEHEERMENTII—E TR, &
DOHRITIRRT, BETER/NERY, ZOMICHEELN
(du)B4C s, ZOREALITT VIGSTE2FEL, TD
I & D R 25 BV E 2 LB L 3 I/ IMR 2B T
%o ZDEEMNSIPA Th 31719,

1989 4F |z Fukuyama & (%, SIPA % f##f 3 % 3Ei& % B

FEVF B L & Bz, 6~12dynes/cm* R DK T D it 735
TEEN A SN S L-SIPA £, 90~100 dynes/cm?*F£E D
BT OIS THEET 5 H-SIPA BWEET 22 L 285
2T L7z, L-SIPA 33D [/7ic & 0 14 Fbg A3 MM/
[ FORGERIAZEARTH % glycoprotein (GP) IIb/1lla 12
BAELTERLs S EEFEZoN TS, —F, H-SIPA i&
M4 VWFE I/ EORE R AZERTH S GP Ib/
IX: GP IIb/llla L ICFEA L CEE SN L E 26T
%1828 2 DS L, L-SIPAZEHK I VY 7 LAEEEZE
T B TIIE LD SN T Lo — I EFESE
FHEW E ST WA, H-SIPA (Z44ENIC 81 2 IRH
BoBEAS, R, BIRMARICESBEIG L Twa R INnT
VB,

SEbhbhIE, /NG MCNS BT 2 MR ER %
L DI WAEKSEMET THRES T 2 HIT, MCNS OWJ%
Re B L U FSERE & 2 0% 4 HEIC b 72 0 BRI SIPA %
HWE L7, DR, MCNS#]FHI T, H-SIPA X7
VR =V o iRIEBEART S TUEL TR D, Bltht 1 ET
EowTEL, ZoBBBRICEHA Lz, 72, MCNS
BHHREIOZME, PIFE”FEO XS ICEHTII 2V DD, ®
WO EREOZE LR R LT, £72, BERFICHIE L 7z H-SIPA
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