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Serum Vascular Endothelial Growth Factor
(VEGF) Levels in Liver Diseases

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Vascular endothelial growth factor (VEGF) is a protein with 45 kDA mo-
lecular weight, the encoding gene is located at the short arm of 6th chromozome (6p12). VEGF lev-
els and the role of VEGF in the pathophysiology of several liver diseases such as liver cirrhosis,
acute hepatitis, chronic hepatitis, hepatocellular carcinoma, and other benign liver diseases have
been investigated. We investigated the clinic importance of VEGF levels in the evaluation of liver
diseases, together with other markers of liver function. MMaatteerriiaall  aanndd  MMeetthhooddss::  We included 126 pa-
tients with diagnosed liver disease due to nonalcoholic fatty liver disease, acute hepatitis, chronic
hepatitis, liver cirrhosis. The control group included 28 healthy adults. All patients were evaluated
with their disease history, biochemical blood tests, viral markers, autoantibodies and abdominal
ultrasound. Blood samples were collected from the patients when the liver disease was detected. The
VEGF level was determined by Biosource Human VEGF Immunassay Kit with ELISA. RReessuullttss::  A
total of 126 patients (68 men/58 women) were evaluated. Median age of patient group was 47. Thir-
tytwo patients had liver cirrhosis (25.4%), 10 acute hepatitis (7.93%), 72 chronic hepatitis (57.1%)
and 12 nonalcoholic fatty liver disease (9.5%). Twentyeight (7 men/ 21 women) healthy controls
were included in control group. The median age was 46.6. We found significantly higher serum
VEGF levels in acute hepatitis and nonalcoholic fatty liver disease patients. Contrary to the con-
sensus achieved in acute hepatitis, there are inconsistencies regarding serum VEGF levels reported
in chronic hepatitis and liver cirrhosis. We also found no significant difference in serum VEGF lev-
els between patients with liver cirrhosis and chronic hepatitis. CCoonncclluussiioonn::  Our results suggest that
VEGF levels may be affected by acute hepatitis and nonalcoholic fatty liver disease, but not liver
cirrhosis and chronic hepatitis.

KKeeyy  WWoorrddss::  Fatty liver; hepatitis; liver; liver cirrhosis; 
vascular endothelial growth factor

ÖÖZZEETT  AAmmaaçç::  Vasküler endotelyal büyüme faktörü (VEGF) 45 kDA ağırlığında 6. kromozomun kısa
kolu (6p12) tarafından kodlanan protein yapıda büyüme faktörüdür. VEGF düzeyi ve karaciğer
sirozu, akut hepatit, kronik hepatit, karaciğer kanserleri ve benign karaciğer hastalıkları gibi
karaciğer hastalıklarının patofizyoljisindeki rolü değerlendirilmiştir. Bu çalışmada VEGF
düzeylerinin karaciğer hastalıklarındaki klinik önemini diğer karaciğer fonksiyon testleri ile birlikte
değerlendirdik. GGeerreeçç  vvee  YYöönntteemmlleerr::  Akut hepatit, kronik hepatit, nonalkolik yağlı karaciğer
hastalığı, ve karaciğer sirozu tanılı 126 hasta ve kontrol grubu olarak 28 sağlıklı erişkin çalışmaya
alındı. Hastalar anamnezleri, biyokimyasal testler, viral belirteçler, otoantikorlar ve abdominal
ultrasonografi ile değerlendirildi. Tanı anında hastalardan serum örnekleri toplandı. VEGF düzeyleri
Biosource Human VEGF Immunassay Kiti ile ölçüldü. BBuullgguullaarr::  Toplam 126 (68 erkek/58 kadın)
hasta değerlendirildi. Hasta grubunun ortanca yaşı 47 idi. Otuz iki (%25.4) hastanın karaciğer sirozu,
10 (%7.93) hastanın akut hepatit, 72 (%57.1) hastanın kronik hepatit ve 12 (%9.5) hastanın
nonalkolik yağlı karaciğer hastalığı mevcuttu. Yirmi sekiz (7 erkek/21 kadın) sağlıklı gönüllüden
kontrol grubu oluşturuldu. Ortanca yaş 46.6 idi. Akut hepatit ve nonalkolik yağlı karaciğer hasta
gruplarında istatistiksel olarak anlamlı yüksek VEGF düzeyleri saptandı. Bunun yanı sıra, kronik
hepatit ve karaciğer sirozlu hastalarda serum VEGF düzeyleri arasında anlamlı fark saptanmadı.
SSoonnuuçç:: Bizim sonuçlarımız serum VEGF düzeylerinin karaciğer sirozu ve kronik hepatitten farklı
olarak akut hepatit ve nonalkolik yağlı karaciğer hastalıklarından etkilenebileceğini göstermiştir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Yağlı karaciğer, hepatit; karaciğer; karaciğer sirozu; 
vasküler endotelyal büyüme faktör A
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as cu lar en dot he li al growth fac tor (VEGF)
is a pro te in with 45 kDA mo le cu lar we ight,
the en co ding ge ne is lo ca li zed at the short

arm of 6th chro mo zo me (6p12). Me ga kar yocy tes are
im por tant so ur ces for VEGF is sto red in the al fa
gra nu les of pla te lets1. It is the most im por tant fac-
tor in physi o lo gic and pat ho lo gic an gi o ge ne sis.2,3

VEGF is a cri ti cal sur vi val fac tor for qu i es cent en-
dot he li al cells. Be si des the sti mu la ti on of vas cu lar
de ve lop ment vi a se lec ti ve mi to ge nic ef fect on en-
dot he li al cells, VEGF plays an im por tant ro le in
morp ho ge ne sis and che mo ta xis. It al so in cre a ses
vas cu lar per me a bi lity and this ef fect is 50.000 ti -
mes stron ger than that of his ta mi ne. This ef fect le -
ads to pro te in ex tra va sa ti on, the de ve lop ment of
fib rin mat rix and in va si on of stro mal cells.4-7

Si no so i dal en dot he li al cells and he pa tocy tes
synthe si ze VEGF in the li ver. Va ri ab le amo unts of
ex pres si on ha ve be en re por ted in Kupp fer cells. An
im por tant ro le has be en shown in li ver re ge ne ra ti -
on.8,9 VEGF le vels and its ro le in the pat hoph ysi o -
logy of se ve ral li ver di se a ses such as li ver tu mo urs,
li ver cirr ho sis (LC), acu te he pa ti tis (AH), and chro -
nic he pa ti tis (CH) ha ve be en eva lu a ted.10-13 When
an gi o ge ne sis dec re a ses, re pa ra ti on al so dec re a ses
subs tan ti ally. Acu te he pa to cel lu lar da ma ge re sults
in sec re ti on of VEGF in to the blo od whe re as, in
chro nic li ver di se a ses (CLD) such as CH and LC, se -
rum VEGF con cen tra ti ons dec re a se, in di ca ting that
the re might be a cor re la ti on bet we en VEGF le vels
and the se ve rity of CLD.11 Vas cu lar growth fac tor
le vels, such as VEGF and FGF-be ta (b) we re fo und
hig her12, on the con trary lo wer11 in dif fe rent stu -
di es. In the pre sent study, we ai med to eva lu a te the
cli ni cal im por tan ce of VEGF le vels and ot her li ver
func ti on tests in pa ti ents with va ri o us li ver di se a -
ses.

MATERIAL AND METHODS
A to tal of 126 pa ti ents, 68 men and 58 wo men, fol-
lo wed for a li ver di se a se ca te go ri zed in to 4 gro ups
as LC, AH, CH and no nal co ho lic fatty li ver di se a se
(NAFLD). The con trol gro up inc lu ded 28 he althy
adults. All pa ti ents we re eva lu a ted with the ir di se -
a se his tory, bi oc he mi cal blo od tests, vi ral mar kers,
au to an ti bo di es and ab do mi nal ul tra so und. 

Pa ti ents with acu te he pa ti tis we re di ag no sed
with an ti-HAV IgM, an ti-HBc IgM, HBsAg;  chro -
nic he pa ti tis and li ver cirr ho sis we re eva lu a ted
with his tory (et ha no le), physi cal exa mi na ti on, bi -
oc he mistry, vi ral mar kers (an ti-HCV, HBsAg, an ti-
HDV IgM), oto an ti bo di es [an ti-nuc le ar an ti body
(ANA)], smo oth musc le an ti body (SMA), li ver kid-
ney mic ro so mal an ti body (LKM-1), so lub le li ver
an ti gen an ti body (SLA), an ti mic ro so mal an ti body
(AMA), cop per ex cre ti on in 24 ho urs uri ne, se ru -
lop laz min and up per ab do men ul tra so nog raphy.
NAFLD was di ag no sed with his tory (et ha no le),
physi cal exa mi na ti on, bi oc he mi cal pa ra me ters (li -
pid pro fi le) and ve up per ab do men ul tra so nog -
raphy. 

Blo od examp les we re col lec ted from the pa ti -
ents when the li ver di se a se was de tec ted. The
VEGF le vels we re de ter mi ned by Bi o so ur ce Hu -
man VEGF Im mu nas say Kit with ELI SA. The li ne -
ar ran ge of the met hod was shown as 5-1500
pg/mL. 

Be ca u se VEGF, ala ni ne ami not rans fe ra se
(ALT) and as par ta te ami not rans fe ra se (AST) le vels
we re not dis tri bu ted nor mally, non-pa ra met ric
tests we re app li ed. The le vel of sig ni fi can ce was set
at p< 0.05 le vels. This study pro to col was con for -
med to the et hi cal gu i de li nes of Dec la ra ti on of Hel -
sin ki by Ha se ki Edu ca ti on and Re se arch Hos pi tal
Et hi cal Co un cil Re gu la ti ons. Writ ten in for med
con sent was re qu i red for en roll ment.

RESULTS

A to tal of 126 (68 men/58 wo men) pa ti ents we re
inc lu ded. Me di an age of pa ti ent gro up was 47 (R:
16-79). 32 (25.4%) pa ti ents had LC, 10 (7.93%) AH,
72 (57.1%) CH and 12 (9.5%) NAFLD. In the con-
trol gro up, 28 (7 men/21 wo men) he althy con trols
we re inc lu ded. The me di an age was 46.6 (R: 27-73)
(Tab le 1). 

Me di an VEGF in the study gro up was 130.09
pg/mL (R: 5-674), me an VEGF in the he althy gro -
up was 67.93 pg/mL (R: 5-172). Krus kall Wal lis
Test was used sin ce da ta did not dis tri bu te nor-
mally, and sta tis ti cally sig ni fi can ce was fo und ac-
cor ding to di se a se type (p< 0.004). To show the
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sig ni fi can ce bet we en gro ups, Mann Whit ney U
Test was used. The re a son for this dif fe ren ce was
re la ted with AH and NAFLD gro up (Tab le 2). 

Thirty  two pa ti ents we re inc lu ded in to the
LC gro up whom 15 wo men and 17 men. Me di an
age was 53.5 (R: 28-79), me di an VEGF va lu e was
121 pg/mL (R: 5-401). A to tal of 10 pa ti ents with
6 wo men, 4 men we re in AH gro up. Me di an age
was 31.5 (R: 16-56), me an VEGF va lu e was 243.04

pg/mL (R: 5-674). A to tal of 72 pa ti ents with 30
wo men, 42 men we re in CH gro up. Me di an age
was 45.4 (R: 18-77), me di an VEGF va lu e was
110.44 pg/mL (R: 5-471). A to tal of 12 pa ti ents
with 9 wo men and 3 men we re in NAFLD gro up.
Me di an age was 51,25 (R: 26-77), me di an VEGF
va lu e was 221.10 pg/mL (R: 32-524). In the he -
althy gro up me di an VEGF was 67.93 pg/mL (R: 5-
172).

Dis tur ban ce of et hi o lo gic re a son; li ver cirr ho -
sis gro up inc lu ded to tal of 32 pa ti ents as so ci a ted
with HBV (n= 12), HCV (n= 5), Wil son’s Di se a se
(n= 4), Et ha no le (n= 7), pri mary bi li ary cirr ho sis
(n= 1), oto im mu ne he pa ti tis (n= 1), crypto ge nic cir-
r ho sis (n= 2). Chro nic he pa ti tis gro up inc lu ded to -
tal of 72 pa ti ents as so ci a ted with HBV (n= 41),
HCV (n= 30), HDV (n= 1), Et ha no le (n=1). Acu te
he pa ti tis gro up inc lu ded to tal of 10 pa ti ents as so ci -
a ted with HBV (n= 8), HAV (n= 2). Se ra we re col-
lec ted in ic te ric pe ri od from pa ti ents with acu te
he pa ti tis. Li ver trans plan ta ti on was not per for med
to any pa ti ents with acu te he pa ti tis. 

Spe ar man Brown Cor re la ti on Co ef fi ci ents was
used to show the po si ti ve cor re la ti on bet we en se -
rum VEGF le vels of AH gro up and pla te let co unts
(p= 0.001), ALT (p< 0.0001), AST (p< 0.0001), bi li -
ru bin (p= 0.04), LDH (p= 0.041) that we re all sta tis-
ti cally sig ni fi cant. The re we re no cor re la ti on
bet we en se rum VEGF and ALP, GGT le vels (p>
0.05).

DISCUSSION
Ne o vas cu la ri za ti on in cre a ses subs tan ti ally du ring
li ver re ge ne ra ti on.14-16 VEGF acts an im por tant ro -
le as an an gi o ge nic fac tor in the growth of he pa tic
pa rench ymal cells. Ho we ver its ro le to ref lect the
se ve rity of li ver di se a se has not be en tho ro ughly
eva lu a ted yet. 

VEGF in du ces ca pil lary per me a bi lity, he pa -
tocy te re ge ne ra ti on and new ves sel for ma ti on, in
cor re la ti on with the inf lam ma tory chan ges se en in
he pa ti tis. In Aki yos hi et al.’s study,11 pa ti ents with
AH had sig ni fi cantly hig her VEGF le vels com pa -
red to con trol gro up. Se rum VEGF le vels in pa ti -
ents with AH chan ges synchro no us with ALT and

Characteristics of patients

Number of patients 126 %

Age 47.5 (range 16-79)

Sex

Male 67 53

Female 59 47

Patients 

Chronic hepatitis 57.1

HBV 39

HCV 30

HDV 1

Ethanol 2

Acute hepatitis 7.9

HBV 8

HAV 2

Liver cirrhosis 25.3

HBV 12

HCV 5

Ethanol 7

Wilson 4

Primary bilier cirrhosis 1

Autoimmune hepatitis 1

Cryptogenic 2

Nonalcoholic fatty liver disease 12 9.5

TABLE 1: Group characteristics.

Groups n Mean rank Sd χχ2 P

Liver cirrhosis 32 121 4 15.473 0.004

Chronic hepatitis 72 110.44

Nonalcoholic fatty liver disease 12 221.10

Acute hepatitis 10 243.04

Control 28 67.93

TABLE 2: VEGF levels of groups  (Kruskall Wallis Test).
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AST le vels. Pa ti ents with LC had sig ni fi cantly lo -
wer VEGF le vels than con trol gro up, sug ges ting
that se rum VEGF le vels co uld be re la ted to deg re e
of he pa tocy te re ge ne ra ti on.11 In our study, we al so
fo und sig ni fi cantly hig her synchro no us VEGF,
ALT and AST le vels in pa ti ents with AH. In a
study, An dus et al. cre a te the acu te pha se res pon se
af ter lo cal da ma ge in AH, inc lu ding the sec re ti on of
cyto ki nes such as IL-1, IL-6, IL-11 and TNFα.17,18

We be li e ve that this in cre a se can be exp la i ned with
acu te pha se pro te ins pro du ced by li ver and/or from
le a ka ge from he pa tocy tes.

Shi mo da et al.19 fo und no cle ar dif fe ren ce of
VEGF in pa ti ents with NAFLD, chro nic C he pa ti -
tis and he pa to cel lu lar car ci no ma (HCC). In con-
trast, we fo und a sig ni fi cant dif fe ren ce in VEGF
le vels bet we en non-al co ho lic fatty li ver di se a se
(NAFLD) and CH, LC, con trol gro ups. We conc lu -
ded that this dif fe ren ce co uld be exp la i ned with co-
e xis ting NAFLD di se a ses. Mo re o ver, as the
di ag no sis of NAFLD was per for med by ima ging
met hod, we tho ught that the his to logy wo uld al so
ha ve be en im por tant. 

Makh lo uf et al.20 in ves ti ga ted the pa ti ents with
CH, LC and HCC. Hig her VEGF le vels we re es tab -
lis hed in pa ti ents with li ver di se a ses than con trol
gro up. Si mi larly in a re cent study, the as so ci a ti on
bet we en de ve lop ment of he pa tic an gi o ge ne sis in
pa ti ents with HCV and ex pres si on of TGF-β and
VEGF21 was sho wed..  In the pre sent study, the re
was no sig ni fi cant dif fe ren ce in VEGF le vels bet -
we en CH, LC and the con trol gro up. 

Vas cu la ri za ti on fac tors, such as VEGF, play a
key ro le in cirr ho sis pro cess. The re is a ten dency to
shrink in the cirr ho tic li ver but it is still not cle ar
whet her ne o vas cu la ri za ti on is go od or bad as a part.
El-As sal et al.12 fo und that VEGF pro duc ti on in cir-
r ho tic li ver tis su e wit ho ut tu mor was much mo re
than in the li ver wit ho ut cirr ho sis. All the sa me,
the VEGF le vels we re cle arly low in AH, CH, oto -

im mu ne he pa ti tis (OH) and pri mary bi li ary cirr -
ho sis (PBC) pa ti ents. In chro nic li ver di se a se cells,
the on go ing dec re a se in oxy gen pres su re du e to de-
c re a sed blo od flow, sti mu la tes the pro duc ti on of
VEGF and ot her fac tors such as, FGF-b and TGF-
b.22 De si de ri et al.23 sho wed a re la ti ons hip bet we en
se rum VEGF con cen tra ti on and li ver dysfunc ti on
in pa ti ents with LC and CH. VEGF le vels we re lo -
wer in pa ti ents with cirr ho sis than he pa ti tis, and
he pa ti tis we re lo wer than the con trol gro up23. In
our study, Child-Pugh clas si fi ca ti on was not per-
for med in pa ti ents with LC, the re fo re whet her a
cor re la ti on do es or do es not exist with li ver dys-
func ti on co uld not be eva lu a ted. In the pre sent
study, VEGF le vels are not re la ted to blo od bi oc -
he mi cal mar kers of he pa tocy te func ti on and/or da -
ma ge. Re cently, VEGF le vels in pla te lets ha ve be en
in ves ti ga ted, and de ter mi ned that they are sec re -
ted thro ug ho ut co a gu la ti on du ring the ir ac ti -
vity.24,25 Low pla te let co unt in cirr ho tic pa ti ents
with por tal hyper ten si on (PH) is a fre qu ent fin ding
and pro bably the re a son for low se rum VEGF le v-
els in this gro up.25 In Ge nes ca et al.’s study,26 they
fo und a strong re la ti ons hip bet we en VEGF le vels
and pla te let co unts si mi lar to our study. The lack
of in ves ti ga ti on of vi ral rep li ca ti on, his to pat ho lo -
gi cal eva lu a ti on in study gro up and Child-Pugh
clas si fi ca ti on in cirr ho sis we re li mi ta ti ons of pre s-
ent study.

Con trary to a ge ne ral ag re e ment ac hi e ved in
AH, the re are con tro ver si al re gar ding se rum VEGF
le vels re por ted in CH and LC. In our study, we fo -
und no sig ni fi cant dif fe ren ce in se rum VEGF le vels
bet we en pa ti ents with LC and CH. As conc lu si on,
we think that VEGF le vels may be af fec ted from
acu te he pa ti tis and no nal co ho lic fatty li ver di se a se,
ho we ver not li ver cirr ho sis and chro nic he pa ti tis.
Furt her stu di es are ne e ded to cla rify the re gu la tory
mec ha nisms of VEGF sec re ti on and the ro le of
VEGF in li ver di se a ses.
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