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ABSTRACT

Thisresearchisto investigate the effect of EGFR and c-Met in the tumori-
genesis, proliferation and prognosis of non-small cell lung cancer (NSCLC).
We present 61 cases of NSCLC here, and detected the expression level of
EGFR and c-Met by immunohi stochemistry (IHC) and quantitative real-time
PCR (gRT-PCR). The relativity of these two groups and the relationship
with clinicopathologic features and prognosis were analyze. Significant
correlations was only found in high level of EGFR and c-Met expression
and tumor differentiation in IHC. And there were significant correlations
between the two genes expression and smoke status and histology type in
gRT-PCR. Significant positive correl ationswere found between the expres-
sion status of EGFR and that of c-Met in protein and genelevels (r= 0.303,
P =0.018 and r = 0.352, P=0.005, respectively). Multivariate analysis re-
vealed that expression status of EGFR and c-Met detected by gRT-PCR not
IHC and lymph node invasion were independent prognostic factor.

© 2011 Trade Sciencelnc. - INDIA

KEYWORDS

Non-small cell lung
cancer (NSCLC);
EGFR;
c-Met;
Immunohistochemistry;
Quantitativerea-time PCR.

INTRODUCTION

Although thediagnosisand treatment for lung can-
cer hasimproved in recent years, but the situation of
prognosisstill poor. Thesurvival rate of the patients
with non-small cdll lung cancer (NSCLC) waslessthan
15% after excised completely'. Toguidecliniciansin
selecting treatment optionsfor NSCLC patients, reli-
ablemarkers predictive of poor clinica outcomeare

desirable.

Epidermd growth factor receptor (EGFR), atrans-
membranereceptor protein, isone of thetyrosineki-
nase receptor families. Hepatocyte growth factor re-
ceptor (c-Met), akind of receptor with proteintyrosine
kinases activity, belongsto tyrosinekinase SRC fami-
lies. Both EGFR and c-Met are highly expressed in
lung tumorsand play important rolesinthe NSCLC
progression> 3. Recently, severd paperssuggest anin-
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teraction betweenHGHMET and EGFR signding path-
ways*7. Thecurrent method of choicefor EGFR and
c-Met testing isimmunohi stochemistry (IHC), which
assessesexpression directly at theproteinlevel. How-
ever, theresultsof IHC are not quantitative and there
are no standardized scoring system and no uniformly
accepted threshold for pogitivity. Thus, weinvestigated
whether quantitativered-time PCR (QRT-PCR), anin-
herently quantitative methodinsengtivetointerobserver
variability and easily amenableto standardization, rep-
resentsauseful aternativeapproach for scoring of the
EGFR and c-Met statusin NSCL C comparedto IHC.
Theexpression of EGFR and c-Met in patientswith
NSCL C was examined and correlated with clinical
outcome data. We show that gqRT-PCR was adterna
tiveto IHC for predicting the prognosisof NSCLC.

MATERIALSAND METHODS

Sudy population

Collect integrated clinical dataof 61 caseswith
NSCLC, without any treatment, between1998 and
2005 intheFirst Affiliate Hospital of Xi’an Jiaotong
University and. Thefollow-upwasendinthe May 2008.
Histologicd classficationand differentiation gradewere
conducted according to 1999 WHO histological clas-
sification standards of lung cancer; stagingwascarried
out accordingto newly revised TNM staging criteriaof
theInternational Union against Cancer in 1997.

I mmunohistochemical staining

Tissue specimenswerefixedin neutral buffered for-
mdin (10%v/v formaininwater; pH 7.4) and embed-
ded in paraffinwax. Seria sectionsof 4-um thickness
were cut and mounted on charged glass slides. The
monoclonal antibody against EGFR (1:100; Cell Sig-
naling Technology) and c-Met (1:200; SantaCruz Bio-
technol ogy) were used respectively. The Streptavidin-
Peroxidasetechnique (Golden Bridge Internationd : SP-
9000) was used as described®. Anirrelevant rabbit
antiserum served asanegative control. Sectionswere
counterstained with Mayer’s hematoxylin. Both of the
percentageof positivecdlsand thestrength of thestain-
ing wereconsiderateinthefollow methods. 5 magnifi-
cation visionswere sdl ected random under the optica
microscope, the cal cul ation of resultsasfollowed: the
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percentage of positive cellsin 0-5% was counted O;
the percentage of positive cell sin 5-25% was counted
1; 26-50% was counted 2; 51-75% was counted 3;
"R76% was counted 4. On the respect of staining
strength, the scorefor tumor cellswithout stainisO;
straw yellow for 1; brownfor 2; tanfor 3. The staining
index scorewasthe sum of theitemsabove. Thescore
in 0-2 mean negative, whilethe scorein>3 mean pos-
tive

Genomic DNA extraction

For nucleic acid extraction from paraffin-embed-
ded tissues, 5 mm sectionswereimmersed in xylene
for 30 minto remove paraffin, and washed in absolute
and thenin70% ethanol . All sampleswere subjectedto
digestion with 0.5% SDSand 0.5 mg/ml proteinase K
a 37 °C overnight, extracted with phenol and precipi-
tated with ethanol in the presence of sodium acetate.
DNA concentration was quantitated by A 260 absor-
bancewith aBioanayzer and NanoDrop™ spectrom-
eters.

Qrt-PCR

The PCR cycling began with templ ate denature at
95°C for 30s, followed by 40 cycles of 95°C for 10
sec, 60°C for 20 sec, 72°C for 20 sec, and 78°C for
20 sec. Inaddition, final PCR productswereresolved
inagarosed ectrophoressand asingleband of expected
sizeindicated the specificity of thereaction. After the
verification, the efficiency of amplificationwasconss-
tency. Theexpression levelsof candidate geneswere
standardized usingthe Line-1 asaninternd reference.
Theprimerswerelistedin TABLE 1. Takenthe aver-
age of thethreepardlel groups Ct value, and thenca-
culated thedeviation Ct value (j+Ct) between the Ct of
c-Met and Line-1 and that between the Ct of EGFR
and Line-1, separately. Relative DNA copy numbers

TABLE.1 : Primer sequence for Real-time Fluorescence
QuantitativePCR

Primer Primer sequence Ibfggtuhcg
EGFR (F) 5-GGGCAAAGAAGAAACGGAG-3 89bp
EGFR (R) 5-GTCCATCAGTGGGGAGTAAG-3'
c-Met (F) 5-TCATTGGTTCCAATCACAGCTCA-3u 80bp
c-Met (R) 5-GCCACCGAGACAGAGGCTAATC-3'

Line-1(F) 5-CCGCTCAACTACATGGAAACTG-3' 135bp
Line-1(R) 5-GCGTCCCAGAGATTCTGGTATG-3'
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((RCNs) wascdculated asthefollow formula: DNA =
27¢x100.

Satistical method

All of thedatawereanalyzed by SPSS17.0. The
associ ation between stainingindex and other categori-
cd factorspotentialy predictive of prognosiswasana-
lyzed usingthe Fisher’s exact test. The Spearman’s rank
correlation coefficient was used for analyzing the asso-
ciation of EGFR expression levelswithc-Met expres-
sonstatus. Theresult of gqRT-PCR wasrecord asmean
+standard deviation and t test was used to compare
the average RCNsof two groups. In order to analyze
the relationship between RCNsand survival timefor
NSCLC patients, RCNswere dichotomized into low
and highgroupsusingthemedianexpressonvauewithin
cohort asacutoff. Surviva curveand median surviva
were estimated by the Kaplan-Meier method. Their
differenceswereverified by log-rank test. Multivariate
analysiswas done using the Cox proportional hazard
regression analysis. P< 0.05 meanssignificant differ-
ences.

3.RESULTS

Theexpression of EGFR and c-Met in NSCLC
and their relationshipsto clinicopathologic
variables

Both EGFR and c-Met immunoreactivity were
found primarily inthe cytosol. Figure 1 showsrepre-
sentative expression patterns of EGFR and c-Met in
NSCLC. Thereweresignificant correl ations between
thehigh level of EGFR and c-Met expression and the
tumor differentiation. However, thehighleve rateswere
not significantly correl ated with gender, age, smoking
status, histology, T-stage, N-stage, and TNM stage
(TABLE?2).

Theréationship between thercnsand patients’
clinical and pathological characters

Thereweresgnificant different RCNsof EGFR and
c-Met expressionin group of histology and smoking
stats. But intherespect of sex, age, differentiation, pri-
mary tumor, lymph node, TNM, thereisno significant
difference can beobtained (p >0.05) (TABLE 3).

= Reguler Peper

Figure 1. Immunohistochemical expression of EGFR and c-
MetinNSCLC

- s o J__m
A, negative staining in NSCLC; B, typical immunohistological fea-
tures with high levels of c-Met expression in NSCLC. The c-Met
staining shown cytoplasmic localization; C, typical immunohisto-
logical features with high levels of EGFR in NSCLC. The EGFR
staining was present in the cytoplasm of tumor cells; Magnifications,
x200.
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TABLE 2: Clinicopathologic variablesand the expression satusof EGFR and c-M et

Variables Total EGFRpositive (%) P c-Met positive(%) P
Gender 0.215 0.552
Male 47 34 (72.3) 26 (55.3)
Female 14 13 (92.9) 9 (64.3)
Age 0.689 0.740
<60 29 23 (79.3) 16 (55.2)
?60 32 24 (75.0) 19 (59.4)
Smokingstatus 0.062 0.348
Yes 37 32 (86.5) 23 (62.2)
No 24 15 (62.5) 12 (50.0>
Histology 0.294 0.445
AC 26 22 (84.6) 14 (53.8)
SCC 33 23 (69.7) 19 (57.6)
Differentiation 0.027 0.017
High 26 16 (61.5) 10 (38.5)
Poor 31 27 (87.1) 21 (67.7)
T-stage 0.569 0.062
Ti1o 47 37 (78.7) 30 (63.8)
Taq 14 10 (71.4) 5 (35.7)
N-stage 0.795 0.580
No 33 25 (75.8) 20 (60.6)
N1 28 22 (78.6) 15 (53.6)
TNM 0.567 0.199
?-? 45 36 (80.0) 28 (62.2)
?-? 16 11 (68.8) 7 (43.8)
AC, adenocarcinoma; SCC, squamous cell carcinoma.
Correlation test DISCUSSION

Therewas statistically significant associ ation of
EGFR expression statuswith c-Met expression levels
bothin proteinand DNA levelS(r=0.476, P<0.001 and
r=0.352, P=0.005, respectively).

Survival analysis

Kaplan-Me er analysiswasused to cal culatethe
impact of clinicopathol ogicfeaturesand protein
expressiononsurviva. High DNA copy numbersof
EGFR and c-Met, and N stagewere associated with
decreased surviva (P<0.05), whereasHigh expres-
sion of EGFR and c-Met detected by IHC were not
significant. Cox regressionandyssreveded adatisti-
cdly significant correlation among N stageand High
DNA copy numbersof c-Met (P<0.05, TABLE 4).

After theanalysisof genomicsand proteomics of
lung cancer cdll linesand gastric cancer cdll lines, Guo
et a. verified acomplex signal transduction pathway
related to susceptibility of targeted drug. And the cen-
ter role of EGFR and c-Met in the pathway, besides
morethan 100 targetstyros nekinaseinvolved, hasbeen
revealed®. Therel ationship between the protein ex-
pression and DNA copy numbers of thesetwo genes
and their clinicopathol ogic significance wasdiscussed
inthispaper.

Consistent with theresult of Meert et a.™, our im-
munohistochemistry assay showed the protein expres-
sionrate of EGFR and c-Met in poor differentiation
NSCLC ishigher than that of well differentiation. We
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TABLE 3: Theréationship between therelative DNA copy number sand pathological characters

Variables Total RCNsof EGFR P RCNsof c-Met P
Gender 0.069 0.088
Male 47 0.14+0.17 0.12+0.07
Female 14 0.25+0.23 0.28+0.32
Age 0.213 0.583
<60 29 0.20+0.23 0.15+0.14
?60 32 0.14+0.14 0.17+0.21
Smoking status 0.013 0.032
Yes 37 0.22+0.22 0.20+0.21
No 24 0.10+0.08 0.10+0.09
Histology 0.026 0.015
AC 26 0.24+0.26 0.23+0.25
SCC 33 0.12+0.08 0.11+0.06
Differentiation 0.539 0.791
High 26 0.15+0.15 0.15+0.10
Poor 31 0.18+0.23 0.16+0.22
T-stage 0.575 0.872
Ti1o 47 0.16+0.19 0.16+0.19
T34 14 0.19+0.19 0.15+0.12
N-stage 0.653 0.961
No 33 0.16+0.22 0.16+0.15
N1 28 0.18+0.15 0.16+0.21
TNM 0.738 0.529
?-? 45 0.16+0.19 0.15+0.13
?-? 16 0.18+0.18 0.19+0.27

RCNSs, Relative DNA copy numbers, presented as mean tstandard; AC, adenocarcinoma; SCC, squamous cell carcinoma.

further found that the DNA copy numbers of EGFR
increased significantly inadenocarcinoma, whichisin
accord with Suzuki’s research on the basis of 181 cases
of NSCLC™, but inthe contrast to Daciaet a. detec-
tion of 199 cases of NSCLC!'2, The reason of this
discrepancy may bethe difference between the detec-
tion method and reagents. But it ismore likely that
EFGR isimpacted by some abnormal signaling path-
ways or interacted with other factors (such asc-Met)
inthe process of transcription and trand ation intumor
cells. Thefurther research will helptoreved the exact
mechanism.

Our resultsshowed that therewasas gnificant pos-
tive correlation between the EGFR and c-Met in pro-
teinand DNA levd, revedling acollaborative effect be-
tween EGFR and c-Met in the processof NSCLC. A

similar result appeared in Nakamura’s researchwhich
reported that thereishighly correlation between Akt
expression and phosphorylated EGFR and c-M et!*®1,
Moreover, Puri et al. reported that thereisasynergy
effect between ECG and HGF in the process of tumor
cdlsproliferation, activation and theregul ation of down-
stream signal-transmitting passageways¥. It can be
predicted that an mutual complementation between
EGFR and c-MetinNSCLC.

Therearedsolotsof reportsabout therel ationship
between theexpression of EGFR and c-Met and clini-
ca outcome, but theresultswereconflicting. For EGFR,
Someinvestigators observed over-expresson of EGFR
associated with afavorableclinical outcome®™, while
some shown EGFR over-expressionin NSCLC to be
associated with ashorter survival*®. Thereweresimi-
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TABLE 4: Egtimation therisk of death by Cox proportional hazar dsregression model

Univariate analysis

Multivariate analysis

Variables
P Hazard ratio (95% CI) P Hazard ratio (95% CI)
Gender
NS 1.170(0.497-2.757) NS 2.233(0.629-7.927)
(female vs. male)
Age
NS 1.031(0.490-2.169) NS 0.789 (0.306-2.032)
(760 vs. <60)
Smoking status
NS 0.643(0.282-1.462) NS 1.057 (0.363-3.082)
(novs. yes)
Histology
NS 0.855(0.448-1.632) NS 1.041 (0.466-2.323)
(SCCvs. AC)
Differentiation
NS 0.667(0.366-1.217) NS 0.840 (0.409-1.725)
(poor vs. swell )
T-stage
NS 1.381(0.607-3.141) NS 2.191 (0.484-9.916)
(T3_4 VS. Tl—Z)
N-stage
0.018 2.513(1.168-5.403) 0.005 4,159 (1.543-11.209)
(Nl—Z VS. No)
TNM stage
NS 1.116(0.488-2.556) NS 0.466 (0.092-2.367)
(?-?vs?-?)
EGFR gene copies
_ 0.046 2.249(1.015-4.982) NS 2.075 (0.694-6.207)
(high vs. low )
c-Met gene copies
, 0.027 2.450(1.105-5.431) 0.034 3.132 (1.087-9.024)
(high vs. low)
EGFR IHC
. . NS 1.951(0.708-5.375) NS 0.950 (0.187-4.821)
(positive vs. negative)
c-Met IHC
NS 1.236(0.579-2.638) NS 1.708 (0.602-4.849)

(positive vs negative)

AC, adenocarcinoma; SCC, squamous cell carcinoma; NS, not significant; vs., versus.

lar phenomenafor c-Met!29, |t was reported no cor-
rel ation between c-Met and prognosisin col orectd can-
cerl™ but it can predict poor prognosisinliver cancer,
breast and ovarian cancerg®®®, And Kanteti et al. re-
ported highly DNA copy numbersof c-Met associated
with abetter prognosi §21. We surmised that the reason
for it wasthemethod used for detecting theexpression
of biomarkers, so we compared two different assess-
ment technique: IHC vs. gRT-PCR. gRT-PCRissmple,
cost-effective, and rapidly produces quantitative, nu-
merical, and reproducible resultsd?3. Themost impor-
tant advantage of gQRT-PCR isthefact that interpreta-

tion of theresultsisstraightforward, easily amenableto
sandardization, insengitivetointerobserver variability,
and does not require experienced pathologists, which
was contrast to IHC. According to our results, expres-
sion of EGFR and c-Met detected by IHC failed to
predict patients’ prognosis in univariate analysis,
whereas N-stage, expression status of EGFR and c-
Met detected by gRT-PCR shown to be an indepen-
dent prognosticindicator in patientswith NSCLC. We
showed that gRT-PCR was a adternative to IHC for
predicting theprognosisof NSCLC, but theclinicd Sg-
nificance needsmore samplesand further verification.
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In summary, the current study suggested that the
high expression of EGFR and c-Met in both protein
and DNA levelswere associated withimportant clini-
copathol ogic parametersin NSCLC. Therewasasig-
nificant postivecorre ationsbetweentheexpressonda
tus of EGFR and that of c-Met. Further, DNA copy
numbers of EGFR and c-Met detected by gRT-PCR
were the important prognostic indicator in cases of
NSCLC. Therefore, EGFR/c-Met signa pathway may
beattributed tothemaignant transformation of NSCLC,
and attention should be paid to a possible target for

therapy.
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