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OBJECTIVES: To study serum levels of vascular endothelial growth factor (VEGF), a potent angiogenic
factor, during distinct periods of the female life span and compare them with corresponding levels of
age-matched males. It is hypothesized that VEGF might be increased at periods of enhanced angiogenesis.
METHODS: Venous blood was drawnfrom healthyfemales (n = 59) and males (n = 53) divided into
six groups: fetuses (cord blood), neonates, children, adults (same females in the proliferative and secretory
phases of their menstrual cycle), pregnant, and elderly (postmenopausal). Serum VEGF levels were measured
by an enzyme immunoassay.
RESULTS: Females showed 49% higlher serum VEGF levels than males (t = 2.74, P .01). Cord
and neonatal blood levels were significantly increased compared with those of adults (t = 2.41, P = .02,
and t = 5.81, P = 0001, respectively). Allfemale age groups presented higher serum VEGF levels than
the group ofwomen in the proliferative phase of the cycle; nevertheless, VEGF levels in the secretory phase
did not differ (t = 1. 85, P = .07).
CONCLUSIONS: Serum VEGF levels are higlher in females than in males and during life periods
characterized by enhanced growth and development, implying increased rates ofangiogenesis. (J Soc Gynecol
Investig 2000;7:309-12) Copyright © 2000 by the Society for Gynecologic Investigation.
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ngiogenesis, the formation of new blood vessels from levels of angiogenic factors, among them VEGF, soon after
an existing vasculature, is a complex multistep process birth, attributed to the enhanced angiogenesis encountered
initiated by the secretion and action of soluble angio- perinatally. We also documented undetectable serum VEGF

genic factors. Thus, degradation of extracellular matrix pro- levels in pregnancy, probably due to local and systemic binding
teins and activation, proliferation, migration, and organization of VEGF to the soluble form of the VEGF receptor flt-1
into tubular structures of vascular endothelial cells and peni- produced by the placenta.,12' 3

cytes take place. 1,2 Angiogenesis plays a key role in physiologic In this study, we hypothesized that other life periods with
processes involving neovascularization, such as ovulation, pla- presumed high rates of angiogenesis (eg, periods of growth and
centation, and embryogenesis, and is also central to several development or menstruation) also could be characterized by
pathologic conditions such as tumor growth and metastasis.3 increased circulating VEGF levels. Therefore, we investigated
Among the growth factors with angiogenic activity, one of serum levels of VEGF in females of all age groups and com-

the most potent is vascular endothelial growth factor (VEGF), pared them with corresponding values in age-matched males.
also known as vascular permeability factor (VPF).4,5 The active
form ofVEGF is a homodimeric cytokine of molecular weight MATERIALS AND METHODS
34-46 kD. The variation in size is due to alternative exon This study, which was approved by the ethics committee of
splicing, which produces four different isoforms of 121, 165, our teaching hospital, was composed of healthy subjects (59
189, and 206 amnino acids, the last three of which have heparin females and 53 males) who gave written informed consent for
binding activity.6,7 Many cell types produce VEGF,8 with themselves or for their infants. They were allocated in six
VEGF165 being the predomnninant soluble isoform.9 groups as follows: Group 1 consisted of 11 fetuses (six females

In two previous stde1 we showed increased circulating and five lm~ales). They were all born by normnal vaginal delivery
after an uncomplicated terms single pregnancy. Gestational age

Fro)Xm the Second Depar-tment of Obstetrics and Cynlecology, and i)epartmrent of (m ean ± standard deviation [SD] [range]) was 38.4 ± 1.2
Hy~ie andEpidmioloy, Uiversty o AthesAthen Cre (37-41) weeks. Blood was drawn from the umbilical cord at
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Table 1. (euraretrie Mean Values arid 95%", Confidence Intervals pregniant women, and tour postmienopausal women, as wNell as
of VECEJ Levels tby G-ender in Six Gioups Investigated i ee dl n ih lel e

Males X_ Females i_ We drew 1 nrk of blood fromn all subjects and col_)lected it InI
Groupa(95% CI) a (% /o CI) t'~ ~ pvrogen-free tubes. It was imin-ediarted separated by; centriftiu-

.COr'd blood 3 )22( (86-564) 6 303 (199-461) -0.85 .44 gration after clotting and was kept frozen at -20C until assav.
2. Neonlates, 11 423 (318-564) Ia5 498 (361 688) -11.83 .42 The analysis was performed by an enzimcinmuI1111ao11assav (ho-
3. Children 12 107 (53-215 I5 I 1 40 (16-5 350) - 2. 2h .05)

4. Adnlt 16158104 ~4~) 115 (7i166) 1.1 .22 nai VEGF Quantlikine:, R_&D Svstenms Minneapolis. MN).
I 63 29 138) The minin-ini detectable concentration was 9 pgI naL. Intra-

51 rcon tant and interasslay coefficients of variation were 4.8%)i an11d 6.6%
11 respectively.

6 Eldcrx, 11 1(160 (_a8 -174) 10 265 (149-469) -2.75 .02

Da oo c ni tson otot a n or Its -md teottlos for each groonD (rtoo cod P sahtloe Statistical Analysis
Co01 rnotto notre pteriormted ustn- no,( svtites.

Otto olosteloserI no ofdtoctott.The data w,,ere not normiallyv distributed; thus, values were
\\'otto o te proittorise ohase o the tensrttal cede.log-transfornied and the geoimetric mneans with 95%,,~ confi-

55ont~is 4 rptospb.e of tlI m.oenotrud cycde.
deuce limits were calculated. Multiple linear regression proce-
dures were thenr applied (log values), calculating the percent

terur, appropriate for gestational age, 10-day-old. healthy, dfeec ftepitetmt ih9%cniec nevl
breast-feeding neonates (iS dQmaleseoandpoin esIIt w males).c Groupe nte 3a~breat-fedin nenate (15 fenals, ad II maes) Grop 3 (Cls). In the first step of the analysis, seruml levels of VEGF
consisted of 23 healthy children (11 fem-iales aiad 12 mi-ales), wr lcdpnetvral n edr(ae srfrne

presntin forbloo grop tping Agefor aleswas 9 ~ and the five in-vestiroated age groups (adults as reference) the
2.7 (4-11.5) years arid for females 8 6 ± " D(551)yas independent ones. In the seconld step of the analysis, onlyV
Eight ot the I box s were in Taaner stage I, whereas three kinales were included. The dependent variable was- agaiia

were n I niaertage2 an one as ia Tanaer tage sen-1-iaa levels of VEGE anad the indepeiident variables were the
Con-cernino girls. two were in Tanner stage I, three were iia

lanne str( ~tree ere i Taner stge 3 and hreesanlir as frar the above age groups (womien in the proliterativ
in Tannerstaroc 4( roup 4 vas 20 aults (tei femalesand tera phase of the naenstrual cycle were taken as the refereiace). For

iarles al pat (tte riedcalperonnl. emaes ad eguar statistical anialvsis we used the SAS statistical package (SAS
Institute, Carv, NC).niaenstrual cycles and were not receiving horiaonal contracep-

tinia. Blood \va'is drrxvn botla trom tlae proliferative (maiidtol RSUT
liccilar) and eciretorv (ruidluteal) phases of the cycle. Their age tu eeso EEfRmaESU adfeaes(fThSvnu
was -19.0 a 9 (23-38) for malhes and 301.6 t _5.1 (21-4)) yvar

br feniak ( roopa included 11 teaar pregiaarat wmen betrare ~ psare shiown 'in Table 1. Multiple lina reression analysis
initiatioa (at laaor aroed~7 3 ± 55 (20-39)years. Fnallx (a serurni VEGF levels by gender in the investigated groups

grocp 6 etenelt as he ederl grop, ws coaposd ofa slowed a statistically significant difference betxvee:-n mnales and
aduls (tn pstnr~ropaual vonera nd I mnra ver55 yars teiales (49%,/' higher levels in feiaales with 95%,,' CI 12)-97, ia

bardual~ts(te aos(t4I-n5np (Sa 79) dcir All postvroasl btentererrenceaI gru iut rup4,ad()cr

ot g,itix Telaist loritn(aolst ar r62ola8 8.6alter 8diaraoti crs.-iret I32a82 nd()ieatsa9%hhrlvlsn

tlrt lsflat 04x nar it -7 '-'-7a af1 xcirs. l postmenoapausal maeitipen tirea regeressio ariuadultsit gaouv t4nal cafd tla sird
(nrcma n Irsete w04 6serciend-ettee strinokrrag lapsehmitd ra groups (Tablep 3),(2(,'seina levels(akEG iracord bloaod, 9"(grC-up

111 c oar c tes ix six x (antema tatreprodictiv tage tLaree- Inerate (grcaup2), eaid2 eorna(grou at2iracl pch teitpaisi

TablIe 2. Moultiple Linear Regressiora o)fVEC F Levels (Lo,, Valties ~is D~ependcent Viariable)I tid G'ender arid Five Groups Invesrigated (as
Indteperadent Vairiditles")

% difference of
Variable Category point estimate 95% CI P

( etader Male kfrre

 at PENNSYLVANIA STATE UNIV on September 16, 2016rsx.sagepub.comDownloaded from 

http://rsx.sagepub.com/


VEGF in Mates and Females Ihroughout Life J Soc Gynecol Investig Vol. 1, No. 5. Sept./Oct, 2000 311

xvon tenl (group (a) wvere significantly higher than levels Iin Table 3. MUltiple Linear Regression ot VEGF Levels (Log Values
xoiin l the proliferative phase of the menstrual cycle (ref- as lDependent Variabe. n i rusIvsiae a

crence group) byl a difference of 169%/( with 95¼)/t CI 32-449 IdpnetVrals
(P~ .01)~342%1 xith 95%, (71 142-709 (P .(1()1), 113%X % difference of

xvith 95 Cl 1(039 (P .02), and 135% xv~th 9~i CI Category point estimate 950/ CI I P
2 (I ), respectively. However, serumi levels of 4. Adu~lts* Reference
V Iinthe s, n chort of adult womnen in the secretorv 1. C ord blood 160 3 )44) " 71 .01

Neonates 342 142 709 4.82 .0001Iphase ofthe incn truiad cycle (group 4b) were lower than Iin tht
21. ~~~~~~~~ '.1 ~~~~~~~C hildren II1 16 289 2.45 .0reference enroup oxN-1 o wnith n9 '. 1 /-7--, a dniferencee 6 osmnpuaIta36 27 .1

which xxvas niot stastistically significant (P .07). The group Oaf durt 4 4 -185 .0)7
pregnant xvoine n wxas not included Iin the analyses because

rederived percent difl'ernte of point Stin its iS5<.0 (1 ind correspondoi
serumn- lexvels of V-EGF in this group were belowi the lower limit mid 1P vaines only for tnt inls.
Of Clctectimofi the enzyme inmm unoassay. \otni h rltittp ftitnint1tW5omtne Iin the sneretor-s pha~on ttht. e nsntrtn cvcl,~

DISCUSSION
The results of this study indicate that VEGF levels are higher studies documlented that during the late prohiferative phase and
in females thati in males (P1 .01) and in fetuses and neoinates throughout the secretory phase, a complex subepithelial cap-
.sfter the first wveek of lIfe (P O0t and P- .00101) compared illary plexus develops in the endonaetriurni, xvherelis fromt days
xvith lidults;. 0 to 2_5 there is a gradual increase in branching and coiling of

Folkniani and Klagsbruia stated that physiologic angiogenesis sprlarterioles.2 On the other hand, ovarian angioeesstakes
seems to be restricted to the femiale " oxving to the cyclic place during the follicular plaase of the menstrual cycle, during
phenonsena nvolving foilicular growth and selection as xvell as ovuLlation, as well as durng' the luteal phase for continued
growth ot the endottietriuni by dynamic remrodeling of its support of the corpus lUteumi.2 Thus, aniogenesis is present
vascuar sppl Ilit this respect, estrogens mayiavearl in both phrases of the menstrual cycle, arid secretion of ango

bec~ause existin-n data suggest that V-EG.F gene expression is gei actors deriving fromt the endlonietrium and/ tar the ovar-y

itncrea'sedi b estro enls in the rat and humnan uiterus, is detectable ut the periphery7.
The hitch lesos of V/EGF in fetuses (cord blood) arid 10-dlay- Regarding the elderly group as a \vhole, no differences Inl

old neonates 31. in Accordance xvith the increased rates of VEGF serumi levels xvere found compared xvith yo-ungrer adults.
gYroxvth and levelopmieit characterizing these age groups anad Nevertheless, it is difficult to explain the hicrher values of
presu ppoSfl_nenhanced rates of angiog-enlesis. Ini specific, cord VEGF docufmented in postmlenotpauisal xvomiei compared xvith
blood lexvels cocild primarily be attributed to the vast placental proliferative-phase adults. A possibility involves a balancingt)
ant,0igioeeiAs. Adthoctgh the latter is considered to be dirninl- effort of the feritale carganisrn to prevent age-associated endo-
ishedl at tetrinl ttfctslixerived miacrophages wvithin the placental thelial dysfunction, w.hich inl xvoinen ocecirs abruptly after
villi conitinule to expesVG th cl fw Ich intis case. irienopause. but years later than inhealthy mlen of a corre-

isl natn,11teta be1e tf the. endothelium or regulation Of Vascular sponding age. in wvhomi endothelial responses dechine gradually
perut 1- ealbIlIIty after the fourth decaetdo If Ncevertheless, Rt~snati et al4

For i4 tolts beyond the early neonatal period, besides inl shoxvedi that levels of arimocceme basic fibroblast g~roxvth factor
creased tnti \wth rates, high VEGF levels might furtlaer reflect in hui-iin erncometi ial biopsies mi-iease aIfter menopause,
coitinuingo -adapt aton demands to extraciterirne life of tissues, wxhich xve were unlable to venixy in pernpheral blood samiples.'~

expresin~\ ECmRN , as pithlialcell ofluen ax eoi md FinaalvN, Our finidin- that 'VECGF le-x els in pregnant xvonen ait-xi~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-cardiac nixrOcxtes. Ini those tissues VEGF mnilht rcegulate tcriinxvr beloxx the limnit oaf detection verities previous
Iforinal tutte tlion bx controling mi-crovascular perineabilitv o1 reports. I-1, I3

Ifiotainitiait11 the cliffet enti tted st ite of unicrovessels. In c~onclusican, accOrdinig to this stcidx, VEGF serumin levels
Itt ehtldr eni tile signuficoatly loaxer sernim VEGF lex els doe- arc liglter inl females thtan l inmales nacl dUriiag life perioads

1tfntcnted In dli ~tuicl in boxys ecamnpared x-vith girls ofa conre- characterizccd bx etalanced groaxxth atad cdexelopiaaent. presup-
Statatditt '1-c' in tx be \xplaiiied bx thac Lict that pueirctx xxhlicla po(sing increased rates of angi (tgetcsis,
15CISf Idea1tcl ize ci laxIInex tNcxxgrowh spcirt, starts later iia bcoxs thtan
iln 0e1trs. Tlmc~iis0)aOcI .clcrt, osnnls presciateci consicierablx more REFERENCES

dcli. tiace I tatages tlaart bcas. ~~~~~~~1. Folktuan I, Shino Y. A'tntcicanesiai.s Blotl (hetit I1v)016 i tt431
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