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Antisense epidermal growth factor receptor (EGFR) transfection down-regulates EGFR ex
pression and suppresses the malignant phenotype of human nasopharyngeal carcinoma CNE-2

cell line
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Abstract: Objective Todeterminewhetherepidermal growthfactorreceptor(EGFR)expressioncontributestotumorgrowth
of poorlydifferentiatedhumannasopharyngeal cacinoma CNE-2cell lines. Methods An expression vector containing a
N-terminal fragment(1.35kb)of humanEGFRintheanti senseorientationwastransfectedintoCNE-2cel llinesvial i pof ec-
tamine.Theestablishedcl onesresistanttoG418werei sol atedandcharacteri zed,andthetumor-inhibiti ngeffectof antisense
EGFRexpressi onwaseval uatedintermsoftumorgrowthandmetastasi satdiff erenttimeaf tersubcutanenousinocul ationinto
nudemice. Results Down-regul atedEGFRexpressioninthecel | swithanti sensevectortransfectionwasdemonstratedbylig-
andbindingassay. Thegrowthrateandtheabilitytogrowinsoftagaroseoftheseantisensetransfectantswereal soreduced.
Afterinocul ationintonudemice, EGFRanti sensetransf ectantsshowedal ongerl atency period,sl owertumorgrowthandl ow-
ermetastati cratestothel ymphnodesandl ungincomparisonwiththeparentalcells. Conclusions Theseresultssuggestthat
these EGFRantisensecDNA -transfectedCNE-2cel | sareof val uetof urtherdelineatetherol eof EGFRinthedevel opment

andprogressi onof nasopharyngeal carcinoma.
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Epidermal growth factor receptor (EGFR) is a
transmembrane glycoprotein with relative molecular
weight of 17 000, consisting of extracellular ligand
bindingdomain, transmembranedomai nandintracellu-
lar tyrosine-kinasedomain. Alargenumberofligands
forEGFR have been characterized, includingepidermal
growthfactor(EGF), trandorminggrowthfactor (TG-
F ) andamphiregulin. Bindingoftheseligandstoex-
tracellular domainof EGFRIinitiatesavarietyofbiolog-
icalresponses, resultingintheactivationofmitogenic
signa transduction pathway to maintain balanced pro-
liferation 2.

Several investigations have shown that amplifica-
tionand/oroverexpression of EGFR gene maybeasso-
ciated with the growth rateandmalignancy of the tu-
mors, whichinturnhasprognosticsignificance inpa-
tients with these tumors?®, suggesting that receptor-di-
rectedtherapies may be useful asanticancer strategies.
Although EGFR down-regulation by antisense EGFR
cDNA transfection has been demonstrated in human
breast cancer °, rhabdomyosarcoma®, colon cancer 7,
non-small-cell lung cancer &, and glioma cells®, no
suchefforts havebeenattemptedi nhumannasopharyn-
gealcarcinomacells.
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Nasopharyngeal carcinoma (NPC) is one of the
most frequent cancers in south China.  Although Ep-
stein-Barr virushasbeenshowntobethelikelyetiol og-
icagentonnasopharyngeal carcinogenesis, the molecu-
lar pathogenesis of NPC remains tobeelucidated. The
firstinsightintothepotentialroleof EGFRinNPCpro-
gression came from the observations of a monoclonal
antibody against EGFR, which significantly inhibited
the growth andtumorigenesi sofhumanNPCcel | shoth
Inthisstudy, wetransfecteda
plasmid containing a 1.35-kb gene fragment encoding
the N-terminal fragment of humanEGFRcDNAinthe
3 to 5 orientation intoNPCCNE-2celllinewithhigh
EGFR expresson and examined the effects of
down-regul atedEGFRexpressiononthe growthbehav-
iorandtumorigenesi softhecell sinnudemice.

in vitroand in vivo .

MATERIAL AND METHODS
Cell lines and plasmids

Humannasopharyngeal carcinomaCNE-2cells !
were cultured in RPMI 1640 medium supplemented
with10%fetal bovineserum(GIBCO/BRL).A1.35-kb
BamH1fragmentcontai ningtheextracellularregionfor
EGFR derived from a full-length 4.0-kb human cDNA
was cloned in the reverse 3' to 5' orientation into the
PLXSN retrovirusvector aswedescribedpreviously *.
Plasmid transfection and production of stable cell
lines
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The antisense EGFR expression vector pLXSN-
A S5andpL X SNcontrolvectorwererespectivelytrans-
fected into CNE-2 cells via lipofectamine (GIBCO/
BRL) accordingtothemanufacturer'sinstructions. Sev-
eral G418-resistant clones were subsequently isolated
andexpanded. Thestableintegrationandstructuralin-
tegrityoftheplasmid DNA wereexamined byPCRas
wedescribedpreviously 4, andthesel ectedcl onesofthe
cells with antisense EGFR expression vector transfec-
tion were designated as CNE-2/AS4 and CNE-2/AS8
respectively; pLXSNvector-transfectedcel|sweredes-
ignated asCNE-2/pL X SN.
Z]-EGF ligand binding assay

This assay was performed as describedpreviously
2, The parental cells or transfected cells
(CNE-2/pLXSN,CNE-2/A4, and CNE-2/AS8) were
platedat2 10% well into 24-well Nunc dishes and al-
lowed togrow overnight. The confluent cultures were
placed the followingdayoniceandwashedoncewith
wash buffer (containing 0.01% Mg? and0.005%Cz*
plus 1 mg/m BSAof PBS)pre-cooled to 4 , prior to
theadditionof 1mlunl abel edcol dEGF(2.5-500ng/ml)
in washbuffer into the triplicate dishesandof *I-EGF
(9 10* cpm) into each well. Theculture dishes were
then rocked gently onice for 4 h, the cells washed 5
timeswiththewashbuffer,lysedwithRRAIysisbuffer
(HEPESpH7.3, 20mmol/L, 10%glycerol, 1%Tri-
tonX-100) and counted in gamma counter. The results
wereunderwentcomputer programLIGANDanalysis.
In virto cell growth assay

Theparental cellsortransfected cells wereseeded
at1 10 cells/wellandgrownintriplicate35-mmdishes
for8d.Thecellswereharvestedandcountedbytrypan
blueexclusiononday0,2,4,6,and8,respectively.
Anchorage-independent growthassay

Softagarose assay wasperformedas describedpre
vioudly “.Inbrief,1 10° cells/wellwereplatedon0.35%
low-melting-point agarose in RPMI 1640 containing
15% fetalbovineserum. Thecol onieswerescoredun-
deramagnifyingglassafter10days. Eachsoftagarose
assay wasdoneintriplicate.
Tumorigenicity and metastasis in nude mice

Theparental cells ortransfectedcells were injected
subcutaneously (1 10°cells) into 6 female nude mice
(4-5weeksold).Micewereexaminedtwiceaweekand
the tumor size was measured using a caliper.  Tumor

volumes(mm3)werecal cul atedaccordingtotheformu-
la V=length (width)2/2 . After 77 days, the mice
were killedandthe tumor, lungand lymphnodewere
removedrespectively, fixedinneutralbufferformalin,
embedded in paraffin, and sectioned for histological
analysis.

RESULTS
Effect of EGFR antisense RNA expression on EGFR
expression levels and binding affinity

After transfection of CNE-2 cells with the EGFR
antisense RNA expression vector or the empty vector,
G418-resistant cloneswereidentifiedandisolated. Ge-
nomicDNAwasextractedfromthedsel ectedCNE-2/AS
clones,1CNE-2/pL X SNcloneandtheparental CNE-2
cells.A433-bpfragmentofintegratedneogenesequence
wasdetectedinthetransfectedCNE-2cells, but notin
the parental CNE-2 cells by PCR anaysis (data not
shown). Tworepresentative CNE-2 clones CNE-2/ASA
and CNE-2/AS8 were reserved for later experimenta
tion.

3-EGF binding and Scatchard analysis showed
thatthenumberof EGFRwasreducedby 18%and45%
inthetwosel ectedclones(CNE-2/AS4, P<0.05;CNE-2/
A S8, P<0.01)respectively,whereasthecl onestransfect-
edwith the empty vector (CNE-2/pLXSN) had similar
EGFR levels to those of the parental cells (P>0.05).
However, the binding affinity of EGFR to the ligand
was not significantly affected byEGFRantisense RNA
expression(Tabl).

Tab.1 Binding of *I-EGF to the parental and
transfected CNE-2 clones (Mean SD)

Cellline ReceptorNo./cell  Bindingaffinity(Kd,nM)
CNE-2 67658 2700 250 029
CNE-2/pLXSN 62273 1900* 239 018*
CNE-2AA 55790 620** 2.13 050*
CNE-2/AS8 37512 430*** 207 047+

*P>0.05,**P<0.05,** *P<0.01.Thebindingsitesandbinding
affinity(liganddissociationconstant,Kd) weredeterminedby
Scatchardanalyses. Student'st testwasusedforcomparison
betweentransfectedcl onesandtheparental cells.

Effect of EGFR antisense RNA on cell proliferation

In order to examine whether anti-sense EGFR
RNAsuppresses the growthofthetumorcellsin vitro,
we plated 1 10* CNE-2 célls in 35-mm plastic dishes
containing RPMI 1640 supplemented with 10% FBS.
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Thenumberofviablecell sineachdishwascountedev-
eryother day. AsshowninFig.1, the proliferationrate
significantly decreased in the transfected clones of
CNE-2cells expressingEGFRantisenseRNA, ascom-
paredwiththatoftheparental cellsorCNE-2cell strans-
fected withtheemptyvector. A reductionby33%and
55% in the cell number occurred 8 d after the plating
of the CNE-2/A4 and CNE-2/AS8 cells respectively
(Fig.1).Theseresultssuggestedthattheextentofgrowth
inhibitioninEGFR antisenseRNA-tranfected clones as
compared with the parental cells was in proportion to
thedegreeof EGFRexpressi onthatwasbl ocked.
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Fig.1 Invitro growth inhibition of CNE-2 cells
transfected with EGFR antisense cDNA vector
compared with the parental cells or the cells
transfected with the empty vector

Effect of EGFR antisense RNA on CNE-2 cell growth
on soft agarose

Theparental andtransfectedcl oneswereexamined
fortheircol ony-formingabilityinsoftagarosemedium,
which was an accepted criterion for transformation ca-
pacityassessment. As shown in Fig.2, the growth of
CNE-2/AS40rCNE-2/A S8cloneswasinhibitedby40%
-50%incomparisonwiththeparentalandCNE-2/pL X SN
controlclones. Inaddition, asexpected, CNE-2/A$4
andCNE-2Z/A S8cellsformedsmall erandlesscol onies
on soft agarose than the parental and empty vector-
transfected cells (datanotshown). Theseresultssuggest
that EGFR antisense RNA cansuppress in vitro the tu-
morigenicityof CNE-2cells.
Tumorigenicity and metas
tasis in nude mice

The tumorigenicity of
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Fig.2 Growth inhibition of CNE-2/AS4 and CNE-2/
AS8 cells in soft agarose

Tab.2, &l mice injected with CNE-2 cells and
CNE-2/pLXSN cdls rapidly developed aggressively
growing tumor nodules at the site of inoculation after
3-5d. However, EGFR antisense RNA-expressing
clones showed a longer latency period (9-11d) and
slower tumor growth rate compared with those of the
parentalcells and CNE-2/pLXSN clones 1 month after
theinoculation(Fig.3).

To investigate the effect of antisense EGFR RNA
on the metastasis ofthetumors in vivo, allmicewere
killedforhistopathol ogi cal examinationonday 77after
i njection,andthel ungsandlymphnodeswereremoved.
The sections obtained for histological analysis showed
that CNE-2/A S4cell shadnolungmetastasi swithlower
rate of lymph node metastasis than the parental and
CNE-2/pLXSNcells, while CNE-2/AS8 cells had sig-
nificantlydifferent lymph node metastasis from that of
theparentalcells(Tab.2).

DISCUSSION

Overexpression of the epidermal growth factor re-
ceptor is frequent inhumancarcinoma, often accompa-
nied bythe expression of autocrine or paracrine trans-
forminggrowthfactor , which resultsintheactivation
of EGFRtyrosine kinase and phenotype transformation
¥, CNE-2 cdl line wasestablished from biopsy of a
poorly differentiated and moderately metastatic na-
sopharyngeal carcinoma™.Previousinvestigationshave
demonstratedthatEGFRoverexpressi onassociateswith

Tab.2 Tumorigenicity and metastasis analysis of CNE-2 cell line
transfected with antisense EGFR cDNA

the parental and transfected  Cline  Nudemice TUEEE R oS L s totanimberoflymphnodes
cloneswas examinedin6fe-  CNE2 6 35 4725(16%) 28/39(71.8%)

) CNE-2/pLXSN 6 45 3/25(12%) 22/44(50.0%)
male nude mice by subcuta: e yag 6 911 0/30(0%) 19/43(44.2%)
neousinjection. Asshownin  cNE-2ASS 6 10-11 2/30(6.6%) 24/42(57.1%)
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Fig. 3 Inhibitory effect of EGFR antisense
RNA expression on tumor growth in nude mice

thegrowthandtumorigenesis of CNE-2, which canbe
significantly inhibited by a monocolonal antibody a
gaingt EGFR*, andweconsequentlychosethiscellline
tostudytheeffectof EGFRanti senseRNA expression.

Previous therapeutic strategies designed to inter-
ferewithEGFRsignaltransductionhave used antisense
oligonucleotides *°, antisense RNA °¢ or the antibod-
iesagainstEGFR ¥ I nthi sstudy,byanantisenseRNA
approach,weestablishedCNE-2/A Scel|S(CNE-2/A$4,
CNE-2/AS8) inwhichantisenseRNAwasgeneratedby
a sequencethatwasstablyincorporatedintothegenome
for consistent expressionofthetranscript. EGFR anti-
sense RNA expression could significantly down-regu-
late the number of EGFR on the surface of the two
CNE-2 cdlls transfected with EGFR antisense cDNA
vector,ascomparedwiththeparentalandCNE-2/pL X SN
cells. However, the binding affinityof theEGFRforlig
andisnotsignificantlyaffectedbyantisenseEGFRRNA.
These results are essentialyinaccordancewiththepre-
viousfindingofChakrabarty et al , whodemonstrated
that a 31% reduction in the number ofhigh-affinitycell
surface EGFR and a 68% reduction in low-affinity
cell-surface EGFR occurred in the human colon carci-
noma MosercellstransfectedwithEGFRanti sensecD-
NAvector, butthebindingaffinityoftheEGFRforlig-
andremianedunchanged.

The growthrate in vitro andtheabilityto grow in
soft agarose of these two EGFR antisense vector-trans-
fected cells were dso significantlyreduced. Afterinjec-
tion into nude mice, EGFR antisense transfectants
showed a longer latency period, slower tumor growth
andlowerlymphnodeandl ungmetastasi sratesincom-
parison with the parental cells. In addition, tumor
growth and tumorigenesis were proportional to the de-
gree of EGFR expression inhibitionin cells transfected
withEGFR antisensecDNA vectors. However, com-

plete inhibitionofthecel Igrowthandtumorigenesisei -
ther in vitro or in vivowasnotobserved. Asimilarre-
sultwasobtainedbyM oronietal ¢, whodemonstrated
thatthei nhibitionofthephenotypewasdirectlypropor-
tionaltotheresi dualamountof EGFRexpressedin hu-
manepi dermoidcarcinomak Bcel lwithtransfectionof
EGFRantisense RNAconstructs.

Antisense RNA strategyhave been successfully u-
tilized to reduce the expression of a number of mam-
maliangenes, includingthoseforgrowthfactors or re-
|atedreceptorgenes 22, This is the firstreporttoad-
dresstheeffectof EGFRanti sense plasmid transfection
in inhibiting the tumoregenicity and metastasis of hu-
man NPCcells, therebyprovidinga valuable targetfor
therapeutic intervention of tumors with EGFR overex-
pression.
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