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The Role of Serum Adhesion Molecules
and Vascular Endothelial Growth Factor

in Lung Cancer Patients

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Matrix metalloproteinase (MMP) and vascular endothelial growth factor
(VEGF) which are involved in anjiogenesis and serum intercellular adhesion molecule (sICAM)
which is a transmembranous protein from the immunoglobulin family play important role in tumor
progression. The aim of this study was to analyze the association of serum levels of MMP-9, MMP-
13, VEGF and sICAM with clinical parameters and survival in patients with non-small-cell lung can-
cer (NSCLC), and to determine whether these proteins might be useful tumor markers for lung
cancer. MMaatteerriiaall  aanndd  MMeetthhooddss::  In our study, serum levels of MMP-9, MMP-13, VEGF and sICAM
were analysed in 72 patients with NSCLC patients (mean age: 60.03±10.86) and 46 healthy controls
(mean age: 61.13 ± 14.71). The analysis was performed by enyzme-linked immunosorbent assay
(ELISA). RReessuullttss::  The median survival of all patients was 22 months. Serum levels of sICAM, VEGF
and MMP-9 were increased in NSCLC patients (985 ± 489.4, 248.7±255.9, 5148.2±1996.2) compared
with the healthy controls (300.5 ± 204.1, 182.1 ± 207.5, 2943.6 ± 851.7), whereas MMP-13 levels
were not significantly different from healthy control group (0.46 ± 0.48, 0.53 ± 1.35) (p> 0.05). No
statistically significant relationships were found between all investigated serum parameters and age,
smoking, Eastern Cooperative Oncology Group performance status, or gender (p> 0.05). Addition-
ally, there was no significant association between all serum parameters levels and survival in NSCLC
patients (p> 0.05). CCoonncclluussiioonn::  High levels of MMP-9, VEGF and sICAM were found in NSCLC pa-
tients, however there was no statistically significance in MMP-13 levels. Analysis of serum levels of
MMP-9, VEGF and sICAM appears as a potential tumor marker.

KKeeyy  WWoorrddss::  Vascular endothelial growth factors; lung; matrix metalloproteinases; 
intercellular adhesion molecule-1 

ÖÖZZEETT  AAmmaaçç::  Anjiogenezis içinde yer alan matriks metalloproteinaz (MMP) ile vasküler endotelyal
büyüme faktörü (VEGF) ve immunglogulin ailesi içinde yer alan transmembranöz bir protein olan do-
laşımdaki intersellüler adezyon molekülleri (sICAM) tümör progresyonunda önemli rol oynar. Bu
çalışmanın amacı, küçük hücreli dışı akciğer kanserli (KHDAK) hastalarda tedavi öncesi ölçülen MMP-
9, MMP-13, VEGF ve sICAM serum düzeyleri ile hastaların klinik parametreleri ve yaşam süreleri
arasındaki ilişkiyi analiz etmektir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmamızda 72 KHDAK’li hasta (ort. yaş:
60.03 ± 10.86) ile 46 sağlıklı kontrol grubunda (ort. yaş: 61.13 ± 14.71) MMP-9, MMP-13, VEGF ve
sICAM serum düzeyleri analiz edildi. Analizler ELİSA yöntemi ile yapıldı. BBuullgguullaarr::  KHDAK’li has-
taların medyan yaşam süresi 22 ay olarak bulundu. MMP-9, VEGF ve sICAM serum seviyeleri sağlıklı
kontrol grubu (300.5 ± 204.1, 182.1 ± 207.5, 2943.6 ± 851.7) ile karşılaştırıldığında, KHDAK’li hasta-
larda daha yüksek olarak bulundu (985.0 ± 489.4, 248.7 ± 255.9, 5148.2 ± 1996.2). Ancak MMP-13 dü-
zeylerinde sağlıklı kontrol grubuna göre anlamlı bir farklılık saptanmadı (0.46 ± 0.48, 0.53 ± 1.35)(p>
0.05). Araştırılan tüm serum parametreleri ile yaş, sigara içimi, Doğu Kooperatif Onkoloji Grubu per-
formans durumu (ECOG) ve cinsiyet arasında istatistiksel olarak anlamlı bir ilişki bulunamadı (p>
0.05). Ayrıca tüm ölçülen serum parametreleri ile KHDAK’li hastaların yaşam süreleri arasında anlamlı
bir ilişki yoktu (p> 0.05). SSoonnuuçç::  KHDAK’li hastalarda MMP-9, VEGF ve sICAM serum düzeyleri yük-
sek olarak bulunurken MMP-13 düzeyinde anlamlı farklılık saptanmadı. MMP-9, VEGF ve sICAM
serum düzeylerinin ölçümü potansiyel bir tümör markırı olabilir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Damar endoteli büyüme faktörleri; akciğer; matriks metalloproteinazlar; 
hücrelerarası yapışma molekülü-1  
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ung can cer is the most fre qu ent ca u se of can-
cer de ath among ma lig nant di se a ses.1 Mo re
than one mil li on new ca ses of lung can cer

oc cur worldwi de every ye ar.2 Among the pul mo -
nary car ci no mas, non-small cell lung can cer
(NSCLC) ac co unts for mo re than 75 per cent.3 High
per cen ta ge of dis tant me tas ta ses is de ter mi ned at
the ti me of di ag no sis of NSCLC.4,5

Ne o vas cu la ri sa ti on is a re qu i re ment for the
growth and me tas ta sis of so lid tu mo urs. The re is a
ba lan ce in an gi o ge ne tic pro cess bet we en sti mu la -
tory and in hi bi tory fac tors. Vas cu lar en dot he li al
growth fac tor (VEGF) and mat rix me tal lop ro te i na -
se-9 (MMP-9) are most po tent two fac tors in vol -
ved in an gi o ge ne sis.3 Most of the stu di es re ve a led
that MMPs inc lu ding MMP-9, MMP-2 and MMP-
13 fa ci li ta te tu mor in va si on, me tas ta sis and tu mor
re la ted an gi o ge ne sis.6 So lub le in ter cel lu lar ad he si -
on mo le cu le-1 (sI CAM-1) has an im por tant ro le in
tu mor prog res si on and me tas ta sis and it has an im-
por tant cor re la ti on with both me tas ta tic po ten ti al
and po or prog no sis.7,8 In ves ti ga ti on of spe ci fic pro-
te ins re le a sed in to cir cu la ti on by can cer cells is a
fe a sib le ap pro ach to de tect early lung can cer and
me tas ta sis.9

The aim of this in ves ti ga ti on is to analy ze the
as so ci a ti on bet we en pret re at ment se rum le vels of
MMP-9, MMP-13, sI CAM-1 and VEGF, and cli ni -
co pat ho lo gi cal pa ra me ters and sur vi val ra te in pa-
ti ents with NSCLC, and to de ter mi ne whet her
the se pro te ins might be use ful tu mor mar kers for
lung can cer.

MA TE RI AL AND MET HODS
PA TI ENTS

Seventy two pa ti ents with non-small cell lung can-
cer and 46 he althy nons mo ker con trols we re en-
rol led in this pros pec ti ve in ves ti ga ti on. 

For all pa ti ents, the di ag no sis of lung can cer
was con fir med by his to lo gi cal exa mi na ti ons of bi -
opsy and cyto lo gic spe ci mens ta ken du ring bronc -
hos co pic exa mi na ti ons. Sta ging was ba sed on the
new in ter na ti o nal sta ging system.10 The sta ging
pro ce du re inc lu ded cli ni cal exa mi na ti on, chest X-
rays in pos te ri o-an te ri or and la te ral vi ews, a com-
pu ted to mog raphy (CT) scan of the chest, so no-

graphy or CT of up per ab do men, ra di o nuc li de bo -
ne scan, cra ni al CT/MR and po sit ron emi si on to-
mog raphy. All pa ti ents ga ve their in for med
con sents be fo re en te ring this study. The study was
ap pro ved by the lo cal et hi cal com mit te e.

MET HODS

Be fo re and af ter the ap prop ri a te tre at ment, twenty
mil li lit res of ve no us blo od samp les we re ta ken and
we re sub se qu ently cen tri fu ged. The su per na tant
was trans fer red in to mic ro tu bes and sto red at -800

C un til use. Se rum samp les we re analy sed for
MMP-9, MMP-13, VEGF and sI CAM-1 with Hu -
man MMP-9 and MMP-13 Im mu no as say kit (Ben-
der MedSy stems, Vi en na Bi o cen ter 2, Vi en na,
Aus tri a) and Hu man VEGF and sI CAM-1 Im mu -
no as say kit (Bi o so ur ce In ter na ti o nal, Inc. Ca li for -
ni a, USA). The se as says emp loy a qu an ti ta ti ve
sand wich enz yme imu no as say tech ni qu e.

STA TIS TI CAL ANALY SIS

All sta tis ti cal analy ses was per for med using SPSS
ver si on 11.5 (SPSS, Chi ca go, IL). All da ta we re
pre sen ted as me an ± SD. Sur vi val cur ves we re
plot ted ac cor ding to the Kap lan-Me i er met hod
and Log-rank test. Stu dent t-test, Mann-Whit ney
U and Krus kal-Wal lis tests we re used to me a su re
the dif fe ren ces in the le vels of ad he si on mo le cu -
les bet we en gro ups. Pa i red samp le test was used
for com pa ring the le vels of all the se mo le cu les be-
fo re and af ter tre at ment. Spe ar man Pe ar son cor-
re la ti on test was used to eva lu a te the re la ti on
bet we en the se rum le vels of the se mo le cu les and
gen der, age, smo king sta tus and Eas tern Co o pe ra -
ti ve On co logy Gro up (ECOG) per for man ce sta tus.
A va lu e of p<0.05 was con si de red as sig ni fi -
cant.

RE SULTS
Seventy two NSCLC pa ti ents inc lu ding 62 men and
10 wo men whit a me an age of 60.1 ± 10.9 ye ars, and
46 he althy nons mo ker con trols, inc lu ding 5 wo -
men and 41 men whit a me an age of 61.1 ± 14.7 ye -
ars we re en rol led in the study. The re was no
sta tis ti cally dif fe ren ce bet we en the ages (p= 0.663)
or gen ders (p= 0.780) of the pa ti ents and the con-
trol gro up.
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Ele ven pa ti ents (15%) we re sta ged as sta ge I,
five (7%) as sta ge II, 35 (49%) as sta ge II I, and 21
(29%) as sta ge IV. Me di an sur vi val ti me was 22
months. Sur vi val of pa ti ents with an ECOG per for -
man ce sta tus (PS) 2 or mo re, lo cally ad van ced tu mo -
ur or me tas ta tic di se a se was shor ter (Tab le 1).

Le vels of MMP-9, VEGF and sI CAM-1 we re
hig her in NSCLC pa ti ents com pa red to con trol gro -
up (p< 0.05). The re was no sta tis ti cally sig ni fi can -
ce for MMP-13 le vels bet we en two gro ups (p>
0.05) (Tab le 2).

In 19 of NSCLC pa ti ents, the le vels of MMP-9,
MMP-13, VEGF and sI CAM-1 re me a su red af ter
tre at ment, and a sta tis ti cally sig ni fi cant dec re a se in
the le vels of sI CAM-1 (826.9 ± 551.5 vs 253.9 ±
113.5) and MMP-9 (5037.2 ± 2190.8 vs 3202.2 ±
828.9) (p= 0.001) was fo und whi le the re was no dif-
fe ren ce in the le vels of VEGF (184.6±213.0 vs 128.9
± 46.6) and MMP-13 (0.53 ± 0.41 vs 1.16±2.01) be-
fo re and af ter tre at ment (p= 0.264) (Fi gu re 1).

sI CAM-1 and VEGF le vels in pa ti ents with ad-
van ced di se a se (sta ge III and IV) of NSCLC we re
hig her com pa red to pa ti ents sta ged as early di se a se
(sta ge I and II). On the ot her hand, the re was no
sta tis ti cally sig ni fi cant dif fe ren ce in the le vels of
MMP-9 and MMP-13 bet we en early and ad van ced
di se a se pa ti ents (Tab le 3).

In the NSCLC pa ti ent gro up, the re was no sta-
tis ti cally sig ni fi cant dif fe ren ce in the le vels of sI -
CAM-1, VEGF, MMP-9 and MMP-13 with respect
to age, gen der, ECOG PS, the smo king sta tus or the
sur vi val ti me (P> 0.05). 

DIS CUS SI ON
When the bi o logy of tu mo r is ta ken in to ac co unt,
for the growth and me tas ta sis of tu mo rs, in ter cel -
lu lar com mu ni ca ti on and nut ri ti o nal sup port are
re qu i red. Ad di ti o nally, ne o vas cu la ri za ti on is a re-
qu i re ment for so lid tu mo ur growth. An gi o ge ne sis
rep re sents the for ma ti on of new blo od ves sels from
the exis ting vas cu la tu re. An gi o ge nic sti mu lus are
re le a sed by the tu mo r, stro mal and inf lam ma tory

Median survival time 

N (month) P value

Stage 

I/II 16 27

III 35 24

IV 21 6 <0.05

ECOG PS

0 50 24

1 14 15

2-4 8 3 <0.05

Lymph node metastases

Yes 53 15

No 19 24 <0.05

Distant metastases

Yes 51 6

No 21 27 <0.05

TABLE 1: Relationship between survival time and
stage, ECOG PS, lymph node and distant metastases.

Parameters Patient Control group P value

MMP-9 (pg/ml) 5148.2±1996.2 2943.6±851.7 P<0.05

MMP-13 (ng/ml) 0.46±0.48 0.53±1.35 P>0.05

VEGF (pg/ml) 248.7±255.9 182.1±207.5 P<0.05

sICAM-1 (ng/ml) 985.0±489.4 300.5±204.1 P<0.05

TABLE 2: Levels of MMP-9, MMP-13, VEGF and
sICAM-1 in patients and control group.

FIGURE 1: Levels of MMP-9, MMP-13, VEGF and sICAM-1 in patients with
NSCLC before and after treatment.

Stage sICAM-1 VEGF MMP-9 MMP-13

I/II 726.3±513.7 168.2±178 5380.5±1671.5 0.56±0.41

III 1067.0±406.2 275.8±280.9 4925.9±2159.1 0.45±0.58

IV 1053.2±543 267.3±263 5320.5±2009.3 0.39±0.32

TABLE 3: sICAM-1, VEGF, MMP-9 and MMP-13 levels
according to stages of disease in patients with NSCLC.

ECOG PS: Eastren Cooperative Oncology Group performance status.
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cells, by the ex tra-cel lu lar mat rix, or by the en dot -
he li al cells.3,9,11,12

MMP and VEGF are two of the most po tent
pro te ins in vol ved in an gi o ge ne sis. MMPs are ex tra-
cel lu lar mat rix-deg ra da ti ve enz ymes ca pab le of de-
g ra ding many ex tra cel lu lar mat rix pro te ins. The
deg ra da ti on of ex tra cel lu lar mat rix is an es sen ti al
step in the spre ad of can cer cells. The se enz ymes
ha ve be en imp li ca ted in tu mo r in va si on and me -
tas ta sis.13,14 Alt ho ugh 18 mem bers of the MMP fa -
mily, MMP-9, MMP-2 and MMP-13 ha ve be en
de tec ted in ma lig nant tis su es and are as so ci a ted
with tu mo ur ag gres si ve ness and me tas ta ic po ten ti -
al,15-18 MMP-9 and MMP-13 are ex pres sed in many
dif fe rent hu man tu mors inc lu ding lung, co lon, bre -
ast and pros ta te car ci no mas. Ele va ted le vels of the -
se mar kers ha ve be en sho wed in pa ti ents with
gas tric, co lon, bre ast and pros ta te can cers.9

VEGF is the most po tent and spe si fic growth
fac tor for en dot he li al cells. High le vels of ex pres si -
on of VEGF are fo und in many so lid tu mo r types
inc lu ding co lon, bre ast, gas tric and squ a mo us cell
lung can cer.19-22 We ob ser ved a sig ni fi cant ele va ti -
on of se rum le vels of MMP-9, VEGF and sI CAM-1
in lung can cer pa ti ents when compared to he alty
con trols. Si mi larly, Li et al. fo und that VEGF might
be a use ful se ro lo gic bi o mar ker for cli ni cal di ag no -
sis and prog no sis of ova ri an can cer.23

Hra bec et al.9 and Ka ya et al.24 ha ve ob ser ved
that the se rum le vels of plas ma MMP-9 in lung
can cer pa ti ents we re sig ni fi cantly hig her than tho -
se of he althy sub jects, however this re sult could not
is di rectly interpreted as over-ex pres si on of this en-
z yme by can cer cells.9

On do et al. sug ges ted that the con cen tra ti on
of se rum ac ti ve MMP-9 might be a po ten ti ally use-
ful mar ker for pa ti ents with NSCLC to de tect 
re cur rent di se a se in the fol low-up pe ri od.25 Addi-
tionally, de ter mi na ti on of se rum an gi o ge ne tic mo l-
e cu les can be ea sily per for med in samp les ob ta i ned
be fo re tre at ment.  

Cel lu lar ad he si on has an im por tant ro le in in-
tra cel lu lar and in ter cel lu lar com mu ni ca ti on, and
sI CAM-1 has be en imp li ca ted in tu mor prog res si on
and me tas ta ses.26 De vi ta et al. and Ka mi yas hi ha ra

et al. sho wed that the sI CAM-1 con cen tra ti ons in
lung can cer pa ti ents played a ro le in sta ging, and
al so might ser ve as a use ful in di ca tor of ad van ced
di se a se and ele va ted le vels co uld be of prog nos tic
im por tan ce in pa ti ents with NSCLC.7,8 In our study,
we ob ser ved a sig ni fi cant ele va ti on of se rum le vels
of sI CAM-1 in lung can cer pa ti ents when com-
pared to he alty con trols. Gü ney et al. de ter mi ned
that the le vel of sI CAM-1 in lung can cer pa ti ents
was hig her than he althy sub jects, but the re was no
dif fe ren ce bet we en the le vel of sI CAM-1 and pa ti -
ents cha rac te ris tics and tu mo r sta ging.26

La ack et al. fo und po si ti ve cor re la ti on bet we -
en tu mor sta ge and pret re at ment se rum le vels of
both MMP-9 and VEGF.3 In our study, the re was
an in cre a sed le vel of se rum sI CAM-1 and VEGF in
ad van ced sta ges (sta ge III and IV) when compared
to early sta ges (sta ge I and II) in lung can cer pa ti -
ents. We fo und no re la ti ons hip bet we en se rum
MMP-9, MMP-13 le vels, and tu mo ur sta ging. Ka -
ya et al. fo und that sta ging, no dal sta tus, tu mor sta-
tus or his to logy did not cor re la te with the
cir cu la ting MMP-9 le vels. However, the ir me tas -
ta tic gro up had hig her MMP-9 le vels. So they to -
ught that MMP-9 le vels might ha ve a prog nos tic
va lu e.24 In ot her stu di es, the re was no re la ti ons hip
bet we en the se pa ra me ters and tu mor sta ge or me -
tas ta sis.9,11,12

In the study of La ack et al., the pret re at ment
se rum le vel of MMP-9 was iden ti fi ed as an in de -
pen dent prog nos tic fac tor and had a hig her prog-
nos tic re le van ce than that of VEGF.3 In most
pub lis hed stu di es, se rum VEGF le vel has no prog-
nos tic va lu e on sur vi val.11,16 In the study of Spren -
ger et al., the re was an in cre a se of sI CAM-1
ex pres si on du ring the prog res si on of di se a se co in -
ci ded a po o rer sur vi val prog no sis in the pa ti ents
with stab le or fal ling sI CAM-1 le vels.27 We al so fo -
und that sI CAM-1 and VEGF le vels we re hig her in
pa ti ents with ad van ced di se a se when compared to
pa ti ents with early di se a se.  

La ack et al. showed a sig ni fi cant re la ti ons hip
bet we en se rum le vels of MMP-9, VEGF, and sur vi -
val in NSCLC pa ti ents with sta ge I/II.3 Alt ho ugh no
a sig ni fi cant dif fe ren ce in sur vi val was ob ser ved in
pa ti ents with sta ge III di se a se, they ob ser ved sig ni -
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fi cant dif fe ren ce bet we en se rum le vel of VEGF and
sur vi val in pa ti ents with sta ge IV di se a se.3 We did
not find a sig ni fi cant re la ti ons hip bet we en se rum
le vels of MMP-9, MMP-13, VEGF, and sur vi val in
our study.

The prog nos tic va lu e of se rum le vels of MMP
and VEGF in pa ti ents with NSCLC is still unc le ar.
A sig ni fi cant re la ti ons hip bet we en se rum le vel of
VEGF and sur vi val was not de ter mi ned in most
stu di es.28,29 In anot her study, sI CAM-1 le vels we re
hig her in the lung can cer pa ti ents than the con trol
gro up, but the re was no dif fe ren ce in terms of pa-
ti ent cha rac te ris tics and di se a se sta ge.15 However
af ter the ap prop ri a te tre at ment, sI CAM-1 le vels de-
c re a sed. In our study, se rum sI CAM-1 and MMP-
9 le vels dec re a sed af ter the tre at ment.

The pro mi sing fin dings ne ed to be con fir med
with furt her stu di es with lar ger pa ti ent po pu la ti -
ons sin ce the iden ti fi ca ti on of the mec ha nism of

the se pro te ins may le ad to a bet ter com pre hen si on
of the na tu ral his tory of lung can cer and may help
developing new tre at ment stra te gi es.

In conc lu si on, se rum le vels of MMP-9, VEGF
and sI CAM-1  we re hig her in lung can cer pa ti ents
when compared to he althy sub jects, but the re was
no sta tis ti cally sig ni fi can ce for MMP-13 le vels. In
ad di ti on, the le vels of MMP-9, MMP-13, VEGF
and sI CAM-1 were re me a su red af ter tre at ment and
sig ni fi cant dec re a se in the le vels of sI CAM-1 and
MMP-9 were fo und whi le the re was no dif fe ren ce
in the le vels of VEGF and MMP-13 be fo re and af -
ter tre at ment. In ves ti ga ti on of se rum le vels of
MMP-9, VEGF and sI CAM-1 might be use ful as tu -
mo r mar kers for lung can cer. 

AAcckk  nnooww  lleedd  ggee  mmeennttss

This study (01/2005-31) was sup por ted by Ga zi Uni ver -
sity Sci en ti fic Re se arch Pro jects.
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