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Cord Blood Soluble fms-Like Tyrosine Kinase 1 and Placental Growth
Factor in Preterm Infants with Maternal Preeclampsia

Jiyoung Kim, Sujin Cho, Young ju Kim', Hye Sook Park’, Eun-Hee Ha’, Eun Ae Park

Departments of Pediatrics, 'Obstetrics and Gynecology, and ’Preventive Medicine, Ewha Womans University School of Medicine,

Seoul, Korea

Objectives: The purpose of this study was to investigate the relationship of cord blood
levels of soluble fms-like tyrosine kinase 1 (sFlt-1), placental growth factor (PIGF), and vas-
cular endothelial growth factor (VEGF) in preterm infants with maternal preeclampsia.
Methods: Thirty six preterm infants born at Ewha Womans University Mokdong
Hospital from January 2006 to August 2006 were studied after prior parental consent
at mid-pregnancy. sFlt-1, PIGE and VEGF levels in the cord blood of preterm neonate,
with or without maternal preeclampsia, were measured using enzyme-linked immuno-
sorbent assay.

Results: There was no difference in sFlt-1 between infants with and without maternal
preeclampsia. Infants with maternal preeclampsia had significantly lower PIGF levels
(P=0.035) and higher sFlt-1/PIGF ratio (P=0.080) with borderline significance. Cord
blood VEGF levels were not related to maternal preeclampsia. Infants with maternal
preeclampsia had lower birth weight (P=0.030), lower neonatal platelet count with-
out statistical significance (P=0.064) and more likely to be small for gestational age
(P=0.057). Neonatal platelet count was significantly correlated with cord blood PIGF
levels (r=0.674, P=0.032).

Conclusion: Increased sFlt-1/PIGF ratio and decreased PIGF may not only be related
to the pathophysiology of maternal preeclampsia but also affect the neonatal platelet
count and birth weight. (Ewha Med J 2013;36(2):118-125)

N 2

Z=R=t ARt Bl

Received April 22, 2013,
Accepted July 5, 2013

Corresponding author

Eun Ae Park

Department of Pediatrics, Ewha Womans
University Mokdong Hospital, 1071
Anyangcheon-ro, Yangcheon-gu,

Seoul 158-710, Korea

Tel: 82-2-2650-5574, Fax: 82-2-2653-3718
E-mail: pea8639@ewha.ac.kr

Key Words

Placental growth factor; Preeclampsia;
Preterm neonates; Soluble fms-like tyrosine
kinase1; Vascular endothelial growth factor

Hobg UH RukebrlE o vtz

ARG A7 27] 252 Yo7 |w Jht, HRRES AR

HA7M AR oA] Efjojit op = BokdRok(small for gesta—
tional age)2] FHEC] =2l AT HAFO] §

R AR AR O] SAF AP K= 4ol Eete] Fof whet AR

118 THE EWHA MEDICAL JOURNAL

Op7 |04 Bol= ofe] 7h| OIS Z4 24 ml%oto] A7|AIel
ggol w4l olpol ake vl ol
TEY| Hot] T4 FAAITH BwSo] 9)



Cord Blood sFIt-1 and PIGF in Preterm Iinfants E M] I

UOLHS-T], X Tk AF-=0IA vlgot Sgtehgolt o
/gm0l MRS ARRO] op7 |of| Al B AJSHAl UeRdth=
BH7F QIQIEH8]. Eot 25wt S8Folut T A|H oIS
9] &0 vascular endothelial growth factor (VEGF), placental
growth factor (PIGF)2F =2 SaAIQIARR} o] QkZ Zlo]
2= 35501 ol $iH9.101.

HRIE2] 12 oFA] HES] B5iR|A] oLt = 7HA] T
Alel Alo® A7 gtk A= AT UAIIA Hol= Lt
Al SO EfgE W 2a 2 O E JofubR] grobA] wlrgAt
2101 EifgE gAdo] LouAl =H = vz kARl Akw o] Ext
Uile] 71s Fro s Qloh it &t Tl A= Qloh &E
2 Fo] F=50= Eigt o]Q] V|2 9] dF 350l #5oHA H
of 7h A%, El Az 5-0] HAldeho 2 offYsHA| mli= 2Ho]
TH11], @A7HA] o] A4 soluble fms-like tyrosine kinase
1 (sFlt-1), soluble vascular endothelial growth factor receptor
(SVEGFR-1)°] A H5-2] Wejade]of B2 =lo] Sl= Aot
o A Qe 12-15]. sFlt-1-2> VEGF2t PIGFF ZEote ol
G QIR RAIA Flt-11t A2 Aok 712 w302
A g 282 dliohs A2 e 16-18]. VEGF, PIGF
7t RS AERL oA Flt-13ke] Ao 2k8-2 F9l AdTE s
AIZIAL Ol = HAES AHRO] opF|oflA] Hol= datt TaFat
A3o] 9lZ Aolek= Ba7 QUSIEH 19].
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2) VEGF RI (sFIt-1)9] 33

Sandwich enzyme linked immunosorbent assay (ELISA) %
O = VEGF RI°] E0l&R] TS A7t I8 ol AAs
o] 9hEAIZ] & Ajxl o2 Qo] ok 32 A S s
29 AotH thEE FAE EoUth AlAom AYEA] ¢k
A2 AI7I5E & 7]ZH(Human sVEGF R1, R&D System Inc.,
Minneapolis, MN, USA)-& €°] ¥FS-A171H sVEGF R19] Yt
vlgfoto] AL =t o] wj TS IR IA LAF S 450 nm
oA =75t SVEGF R19] &2 SRISHATH Versamax, Molecu—
lar Device, Sunnyvale, CA, USA; microplate reader). Intraassay
variationT} interassay variation> 22+ 3.2%, 7.4%%tt, B
= 3.5 pg/mLOISiH.

ol fol

3) PIGF9] 2%

Sandwich ELISA B2 2 PIGFo] £0]&0] thl==2 A7t
TR o]l AAE Eof HhgAIX & AF o= HolskA| o2
A2 AT g a4t A HEE FAIE It ARle s
A=A o2 aAE AR & 714 (Human PIGF, R&D Sys—
tem Inc.)2 20 ¥R A|Z|H PIGFL] ot} v]g5to] YhAlE] =t o]
o ShARS HZIAIA A HE S 450 nmOllA] Z7gote] PIGFS] &

= ool
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Fig. 1. Flow of participants through the study. GA, gestational age.
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& SRIGFHTH Versamax). Intraassay variationt interassay varia—

tion Z¥2t 5.4%, 11.2%Fct. 1IZHE= 7.0 pg/mLO|iTt.

4) VEGF9| &3

Sandwich ELISA 9P¥0 & VEGFO] Eol;ﬁ,o EELRCE
:!E]Q E}oﬂ 7—1;‘(]]2 Lﬂo1 H]—O}\]E’] L
A At g a4l A HEE OPXﬂE oot Az =
AR 2 245 A7et & 71- M (Human VEGF)2
¥k A|7|H VEGFO] ok} vlE|stod ghaliwl=t]| o] ) ghaie
AATA A G2 450 nmOfA S7g510] VEGFL] & &Rlsk
HTH(Versamax). Intraassay variation¥} interassay variation< Zt
7} 5.4%, 1.3%5H. T E+= 9.0 pg/mLOIT.

5) QY Ak 24
o] i ARRL oJRYIRS Ao HE, Suslgrt
BA9| FAREo] Qe it FAREO] Qe ZOE Lpeo]
= 7+ At W sFlt-1, PIGF, VEGFt, 243 Al AfE) &
AR, 12 o7} K hE opiLyt M
off, O3S 7. S Al Eatk
]l AT
ARRLO] RS2 AEl AR 205 olFol 571 EY 140
mmHg ©14}, 0|2k7] EF 90 mmHg OFeIHA 2417 23
Thaio] 300 mg O oLt Eke T A ZALIA] Theo] 1+ o]
Ao] AOg oI5ttt AR O] AP AH|Z0|E ARR-S Zoj
2T 48A17F 9] dexamethasone & 20 mgE 2~43]& L0
Fofuke o2 SIoirt, Ulkol SETRASS FH WA 27
oA T4t 2% EE 7] 71T 2ol YowA, B 703
ot 3R 5.5, 57) Al ALS, 40% Ak& A2
At 7] B2 240 DS So| 57| 24}
O] YL, FUE 712 BA A 60% OVl Atk T Fole B
1=}

1, &
A SOl A

B AT 5=

T

= M= NN

E Ul 4k 29401 50 mmHg BTl 5E W ojiketeka 2
o] 60 mmHg °Vg, = pH7F 7.25 UlRiel 92 A 2Jsi9]
o}, POl 24ROl A W APSEAHIA (DRE K

olgiel 792 Hofsigict,

3. A

AR A=t FAIA A A= B A RSEANE &
7|5t o™ APRIEZIQIC] L2 R FYHUCE HI|SHH
SAS ver. 9.1 (SAS Institute, Cary, NC, USA)-2 ©]-&3s351 &

3 Abmet Adid W A QIAbE B 522 Hlal= chi-
square®} Mann—-Whitney U testS ©|-&ot] 24591, ZHxk
75 AR Yo o] Rdgor Y 2 5eks Fote] Y=
Fischer's exact testE ARSI O™ 7+ ¥ 7h BA] =%]9] 4

W Spearman coefficient BAe9 olgaio] BAGHC) A
B A B 5 24 Al S22} PIGFRR] Ak Eadolle o
FHEA ﬁ(partlal correlatlon analysis)= °©}8-0lF o0, BE 5

GollA P kol 0.05 Uikl FL-E FARKIC = [-ofsittar -y
stoict.

2 3

1. A O] MR ZHS 3} o7 | o] 434S, Yot
HAZES0] Q= Ak O] opy|tat HARFSO] gli= Akm o] of

7| 2Ho] Afef gl xpol= QIA(P=0.646), &4 Al AF

2 ARZEFO] Ql= AR O] opy oA A EEO] Qi AHEO]

Table 1. Clinical characteristics in the infants with maternal
preeclampsia and controls

Characteristic Prefr$|=a1rg)p sia (i?]itzrgis P value
Gestational age (wk) 342+1.68  34.0+296 0.646
Birth weight (g) 1,861+484  2,355+681 0.030
1 min Apgar score 6.0+£2.82 754177 0.122
5 min Apgar score 8.6+1.50 9.0+1.26  0.402
Antenatal steroid* 4 (40) 5(19.2) 0.226
Respiratory distress syndrome* 3(30) 7 (26.9) 1.000
Small for gestational age* 3(30) 1(38) 0057

*Values are presented as mean+SD. Values are presented as number (%),
analyzed by Mann Whitney U test, chi square test or Fisher's exact test.

Table 2. Cord blood levels of sFit-1, PIGF, and VEGF in infants with maternal preeclampsia and controls

Preeclampsia (n=10) Controls (n=26) P value
Soluble fms like tyrosine kinase 1 (pg/mL) 206.50+138.64 137.54+72.19 0.204
Placental growth factor (pg/mL) 10.85+5.19 16.07+6.78 0.036
Soluble fms like tyrosine kinase 1/placental growth factor 33.3+46.19 11.0+9.07 0.080
Vascular endothelial growth factor (pg/mL) 659.94+497.86 570.62+392.63 0.737

Values are presented as mean+SD. Analysis by Mann Whitney U test.
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Fig. 2. Comparison of cord blood placental growth factor (PIGF) level
in infants with maternal preeclampsia and controls. The thick line de-
notes median for each group. Analysis by Mann Whitney U test.

Table 3. Platelet counts in infants and mothers with preeclampsia
and controls

Preeclampsia (n=10) Controls (n=26) P value
Infant (><103/|.1L) 215.5455.93 255.0+53.63 0.064
Mother (x103/pL) 205.8+59.54 211.0+53.78 0.560

Values are meantstandard deviation. Analysis by Mann Whitney U
test.

OF7|3- Kt o] QA A9keH(1.861£484 ¢ vs. 2,355+68] g,
P=0.030) (Table 1). B3 HAI7H50] 9= AHR| op7lzolA
AAZIEO] Qi AFR2] of7|2of s Rl o Wkt
(30% vs. 3.8%, P=0.057) (Table 1).

2. AR 0] ARSI A W Ea AV QIRt

RS 0] Qe AR O] op oAl HARESO] Qe ARt
of vlo AlthE W sFlts-== 2FP7F YA (206.50 +138.64 vs.
137.54+72.19 pg/mL, P=0.204) (Table 2), PIGF s%-= %
AlskA oz QoI5HA YITH10.85+5.19 vs. 16.07+6.78 pg/
mL, P=0.035) (Table 2, Fig. 2). sFlt-1/PIGF 8= ZA}7150]
Y= AHLO] oprEat AR RS O] Qe ARRolA] FAISRR]
Ato|7} QIITH(33.34+46.19 vs. 11.0+9.07, P=0.080). AItH&
W VEGF &&= 5 - 7Hof 2017t SiATh(P=0.737) (Table 2).

3. AHR0] MRS 3} of7]9] Y A] EAdk 4~

HARZESO] Qe Ao HARZESO] Qs ARR O] Bt A] Fas
T+ 4= &7t 99O ™ (P=0.560) (Table 3), AR FE0] Q=
AFE O] op7|ofla] AARESO] Ghs AFRO] ofr|o] vlsiA]l &
Ay 2% AJHRE FoH AL AF Eadh 72 HEE HYo

(P=0.064) (Table 3), ¥I7843 @47 211 150x10°/uL °I5HkI
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Fig. 3. Linear correlation between cord blood sFit-1 and PIGF levels in
infants with maternal preeclampsia. sFlt-1, soluble fms like tyrosine
kinase 1; PIGF, placental growth factor.

Table 4. Cord blood levels of sFlt-1, PIGF, VEGF in infants with RDS
and without RDS

RDS (n=10) non RDS (n=26) P value
sFIt-1 (pg/mL) 177.8+143.35 148.6+76.56 0.986
PIGF (pg/mL) 16.7+7.22 13.84+6.51 0.223
VEGF (pg/mL) 385.8+269.17 676.1+441.90 0.087

Values are presented as mean+SD. Analysis by Mann Whitney U test.
RDS, respiratory distress syndrome; sFlt-1, soluble fms like tyrosine
kinase 1; PIGF, placental growth factor; VEGF, vascular endothelial
growth factor.

739= 19 9Tk
4, 5T St

AP O] AR RS R0 IAQle] T gtetEo] Qb= ot
o2 o] vlaws) B9tS o 253-15h50] Q= ot
oA AHE W VEGF F=Tto] 2 ¢S HAHP=0.087)
(Table 4).

5. @AV QAR 28A1E, A o 9 a4

A0l Qe At o] op7|o] AthE W sFlt-15%=
PIGF&E 2}t 29 A AE 7HitHr=—0.674, P=0.032)
(Fig. 3). Z12ut 24871%, 248 Al a1t 4=, AtE W VEGF
FElls AHTAPTL Qi HARES O] Qs AR o7 |9]
At W PIGF&k+= A Ayt el HAE 7H o™
(r=0.636, P=0.048) (Fig. 4), A& A2 Bt o At
=40l PIGFRF 2484152 2 AR 7HHH(r=0.685,
P=0.028) (Fig. 5). A=l AP EA3E o] HATZAI0A
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Fig. 4. Linear correlation between cord blood placental growth factor
(PIGF) levels and gestational age in infants with maternal preeclamp-
sia.
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Fig. 5. Linear correlation between cord blood placental growth factor
(PIGF) levels and birth weight in infants with maternal preeclampsia.

PIGF2t 24 Al BT = 40 A TAIE BEHr=0.675,
P=0.032) (Fig. 6). JEM PIGF2E AIHE W VEGF &= 2k= 4
TEAE QI3ict. AtiE W VEGF s&== ZHEH A, AT,

/Y Al BATE 0 BT A7 g

LAy
B A= HAZESO] vhAY O Bl AY2]of 7|ofgt 7o = Azt
= sFlt-1, PIGF, VEGFQ] A& W H5 =75t v|wsh

Ak, HAAESO] Q= AFRolA XVPP"Ol = Abo v
o) AHE W Z+4A% PIGF 52 oIsH}, Eo HA R A
ZoA sFlt-1/PIGF Q] vl&0] 57 ]‘301 AU

HAEE2] 12 oF2] &S| e R 0‘0*5} ot ArollA
ARG AR O] AL G gEto] AJulg Aol U] § iz
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Fig. 6. Linear correlation between cord blood placental growth factor
(PIGF) levels and platelet counts in infants with maternal preeclamp-
sia.

W3} Hl= 3Ro] Auffstal AR o] LAl Fuio] ZRbA] E07 k=
O] AuflE B F0 2 HARESOIA] EigEe] Eat A4 2]
7:161-0] QlS. 740]9,}: 2;]1—2 EO:]ZO*EHZO]

Flt-1-= 27FA] FEi2 ZA|ttt, Shb= Allsutol] 2o t
rosine kinase 824 (Flt-1)= @IA AT E Adskal, T
TP 8402 FajE Az 9] EHRI(sFlt-1)2& FUsHA
VEGF2} PIGFF Aot 21]. sFlt-1-2 A28 Afo], A2 W =

gQlo] g7] wiizo o] 4~8-A|°] 7|52 R2] VEGF2} PIGFE =

Ol= Igojgh =gkett. 22 83l Q= YA sFlt-10] Ak

ty—-

e

250 W) AgRlohd 3k o A olehs ATEOl Ut 12-
15]. 24 PIGF}F 71 sFlt-1/PIGF 2] Bl= 271l sFit-1°]

R21% PIGFE A=A eiRe) B g2 Afsfot A
ZR7EZ0] BrAsItks 7S R|A|SHY, Flt-19] Bk Al 7]
71 50t 271510 YAl 353 H 7R 2715 355 oS o= &
A3} 2712 Ho|i 24} ]_@ A0k= RS HoloH 5], ESH
Maynard 518> A4 YA, 452 MRS, 552 At

S AR gt @7 sFlt-12 Bl OPLEﬂ e Al 2olA
L 1.540.22 ng/mL, 3% HAE AHEF0] 3.28+0.83 ng/
mL, 5 ARG AH0] 7.64 + 1.5 ng/mLE HAH52] 4

EIH AR sFlt-19] =7 B w2 g BoEqdnt Teut

E

2 AFoME RS ARt A Al 7 Alofl sFlt-12]

Athd W 52] Xfoli= HOJA| ik
PIGF= /4291 22|, E5] Ejyh ¥ ““ﬁ o] Ho] EAf5t
L VEGF family®l| £5k= glycoprotein .2 IaHA v} 2&=F
£ S8 Jq&Z }b Zio= A& QIrH22,23]. PIGF= %
AFAQL X717 Boto] 29-32F7kA] JLE35] SUt5l0 o5 7+
Aot El=t] o= 333004 365 Alelofl 2A] F7Fok= sFit-1
O] ZRgoletal AYZHETH 15]. Levine S(17]12] AoME sFlt-1
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3} PIGF7} 2@2M8-S o1 =2 sFlt-1 525 7H1 ARt o
< PIGF5 ZH=tal Sttt &2 AolA = sFlt-13 PIGF
= O SHHAE 7RI TR 2 AFolA] MRS ARE o
Al 2 Al 7ol Blsll AlthE W PIGF 5=7} 734-%]0] QIit
050k tiAte & oF B A Lofx] AR ARRollA| PIGF
+ 24 A O] IS B, AARESC] Al
PIGF9] 747t Ak, of= Akl 74733t efote] 37 o4&
Qlall IfF e E Fr o]2 A7|9] 27| ES4hS ROA RESH
Al Eekar shAg 4= Qi

Y AFoIA HAARESS 7R ARRFoIA FA4F A ool
Al 221 @3 W VEGF (% VEGFZI obd R2]@ VEGFe] &
), PIGFO] 527t ¢4 H A2 ¥Rl vt QoH 24,25]. EQF
T2 AolAl= EiRke] E7 359 A= QIRt A Aka AfH
7} EfRF Q] VEGFE 4F%F 286}l PIGF+= ofY 2E_Ith=
15 QIQTH26-28]. 2 A7) HtoA= VEGFZF HARRS:
AtmofA @35]8 SR ZAhE B o= fElgol oid &
VEGF 55 S4oI3 o8 = oA A+ Hd AikEik= 2]
£ B33 7Fs/d0] 9loH Higte] @R HE02 Qg 2jikhF:
O VEGF7} 4% 2A=oh= A=E XAT 4 Qlot. Teut
VEGFQ] 577} SAISHAR] 3-olid2 glglon] 2 Ago] st
7} BE3519 o] ZAIE ofiget 3o Aol Had o= Azt
=

OJH AFLoflA] blgol MRS AR o] o7 |[7F HAR S-S 7t
AJA] =2 Akw 0] opr|of H]gl 24AF0] A2 9k o2t B
Aot R EC] =L, FATh T A Ho9)= AN &
Q1 g = QSIEE. 1oLt dao] e 1508 ofskR A S
= 19| Sotof| Mgt BTt Casella 5192 VEGF2} PIGF7F
Flt-15 Ui7i251] ATE Ad5AIZ =t 71o4_ittal B arstg)
=o Aol thEs} oA sFlit-18 H7FHaS W A3+
9] 39| o] AxI5| AoRx|= A HFel o], vt sFlt-1
O] AEZL FAIE TS e e ol WorAA] Tt
SPt FX1ER= AiE 2SI Flit-1 Ao 72 Ui
2 Aokl FAARES AHRO] opr|ofjAlo] AlAJor AT AT
A 0] BHef A2]of Axto] 93 Aoet, £ A5t Axfofii=
ARXES AHR.0] op7|of|Af At drlwe] o |HTt 2A4Y A1S Fa
o] £ 2 ARG B, o= HA FASHY oA
S 7H}, AR ARolA AthE W PIGF2] ‘57t AlAjot
o] dah ot A {odS Tl el AEAE B
FOLE sFlt-1, VEGF &= @4t 2k A7 loict.
Levine 517} RG-S 7] AHR 5 FGHHPOLE SAGH
MR QF HAE-Z TP O REPOLE SAGHA] g2 At
0] P2 Flt-1 52 H|wdl BQLS o) MR} =2 Flt-1
T2 7 S B F0] Jo9] sFlt-1, = & S A4 QIR

r

tr

RESo g s BP0 Eao Jg2 & Aokl
A &ict. T3} Shibata 5-11312] Aol HARIS-S 7HAIA] ¢
2 HoZHols g2 Atnojii= Abwo) eiutat @3 W sFit-1
O] FE7F F7ISHA| Y= the A HoFQit) Al & A0
A ZA| AL A= AT W sFit-19] 5= AlKjore] &AY
A5t BAS F3S 7R SO A B Q1oL A
S AFOAE sFit-1 5=} AlAYote] ARSI Al
TAZE QAT o= HARES AFRT 0O R I 420 BE0
2 Ao g ou] 9= AE EE5]%= ofzgel A
o}, B ALofA] HARES-S 7R ARRofA] B goLE
] AQE | sFit-1-2 S7HE0] QI3iTt. &Lt o|=3t 54
QI -froldo] glglo bR of= 25 E 4 HE 50| 220l
L% ZoJek, Shibata 5[1312] ATolA AARS-S 7H Alwof
A sFIt-10] Z7F oFA] @2 ol Bgsors 7R 7320l
+ PIGF7} 2Ju] QA Z4Eo] QIirk= AThE Hoglet 2
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