December 2009

Trade Science Ine.

Volume 3 Issue 4

LioSechnolo qTY

A Judian Joaraal

—=====> FuLL PAPER

BTAIJ, 3(4), 2009 [294-298]

Expression of carbonic anhydrase | X
cancer tissues

& Xl in ovarian

Sunitha Martin, Ramya Raveendran, Rathi Ahalya, V.K.Gopalakrishnan*
Department of Biochemistry, Kar pagam Univer sity, Coimbator e-641021, TamilNadu, (INDIA)
E-mail : gopalakrishnan_vk@yahoo.com

Received: 8" July, 2009 ; Accepted: 18" Jul

ABSTRACT

Ovarian cancer isa potentially life-threatening malignancy that develops
either in one or both the ovaries. Ovarian cancer is considered as a ““silent
killer.” Among many tumor markers which have been identified in many
tumors, Carbonic anhydrase IX & XII are unique member of the CA family
and suggested to play a vital role in oncogenic processes. CA 1X
participatesin the regulation of acid-base balance, cell proliferation, adhe-
sion and malignant processes. In this study mRNA transcription was
studied by reversetranscriptase PCR (RT-PCR).The products of PCR were
run on agarose gel electrophoresis which showed strong positive
expression of CA IX & XIll. The expression pattern of CA 1X & XllI
suggested that they could also serve as a histopathol ogical marker protein
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INTRODUCTION

Ovarian Cancer isthefifth leading cause of cancer
death inwomen, theleading cause of death from gyne-
cologica malignancy, and the second most commonly
diagnosed gynecol ogic malignancy. Ovarian cancer
causes damagein tissues of theovary (oneof apair of
femal e reproductive glandsin which theovaor eggs,
areformed). Most ovarian cancersareeither ovarian
epithelial carcinomas(cancer that begininthecelson
thesurface of the ovary) or maignant germ cell tumors
(cancer that begininegg cells).

Ovarian cancer accountsfor about 3% of al can-
cersinwomen. TheAmerican Cancer Society estimates
that about 21,550 new cases of ovarian cancer will be
diagnosed in the United States during 2009.

MARKERSFOR OVARIAN CANCER

Thehigh overall mortality from ovarian cancer is
primarily dueto delay in diagnos s-a though 90% of pa
tientswith early stage disease can be cured, 70% of
patientsat diagnosishave stagelll or higher disease,
wherethe5yearssurvival rateisonly 20%. At present,
thereisadreath of clinically useful antigenic markers
for early stage diseases.

Thebloodtest called CA-125isused indifferentia
diagnosisandinfollow up of thedisease, but it hasnot
been shown to be an effective method to screen the
early-stage ovarian cancer and iscurrently not recom-
mended for thisuse.

Researcher’s eye focused on Carbonic anhydrase,
which turned to be abest tumor marker in cancer tis-
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sues. Thecarbonic anhydrases (CAs) compriseafam-
ily of evolutionarily ancient enzymesfound ubiquitoudy
innatures. They haveimportant rolesinfadilitating trans-
port of carbon dioxideand protonsin theintracellular
gpace, acrosshiological membranesandintheunstirred
layersof theextracd lular space”. At least 15 different
a pha-carbonic anhydraseisoformswereisolated in
mammds, wherethesezincenzymesplay crucid phys-
ological roles. Some of theseisozymesare cytosolic
(CAI,CALII, CAlll, CAVII, CAXIIN) othersaremem-
brane bound (CA 1V-CA 1X, CA XII, CA X1V and
CA XV), CA VA and CA CB are mitochondrial and
CA Vlissecretedin salivaand milk.

Carbonic anhydrases (CAs) are zinc-containing
metall oenzymeswhosemainfunctionisto participatein
theregulation of acid-basebalance. Mammalshaveat
least 12 activeisozymesthat belong to a-CA family.
The CA isozymesdiffer inthelr subcellular locdization,
kinetic properties, and inhibition profiles. In addition,
each CA isozymehasauniquedistributionin tissues®

The carbonic anhydrases (CAs) catalyzethere-
versiblehydration of carbondioxide CO,+H,0?HCO,+
H+. At present 13isozymes, differ intheir tissuedistri-
bution and enzymatic activity. CA influenceintraand
extracdlular pH andion transport in varied biological
processes. Itisrecently identified CA 1X and CAXII
ashypoxiainduciblegend”

CA areinvolvedin boneresorption, gluconeogen-
esis, ureagenesisand theformation of gastric acid, sa
livaand cerebrospind fluid and havebeen suggested to
play asignificant rolein epithelia cdl interactionand
cdl proliferation

CA IX wasfirst recognized asthenovel tumor —
associated antigen, MN, in severa human carcinoma
andin normal gastric mucosd®. CA X hasbeen con-
sidered as a potential biomarker for tumor progres-
son™, CA IX, atransmembraneisoformwith predomi-
nant associationwithtumorsand limited distributionin
normal tissues, isstrongly over expressed by hypoxid®

CA 1X hasbeen proposed to play arolein malig-
nant processes since many tumors over expressthis
enzyme. Because of their rapid growth, tumorscom-
monly experiencehypoxia(limited oxygen supply) since
they initidly have no extens ve capillary network to sup-
ply thetumorscellswith oxygen. Asaresult, cancer
cellsmorethan 100-200um from nearest capillaries

depend on anaerobic glycolysisfor much of their en-
ergy production!®

CA X isupregulated by hypoxiaand thestudy sug-
gested that it may be oneof thekey moleculesin tumor
invasiveness and metastasig'®. CA IX has been de-
tected in thehuman cervical carcinomacell lineHelLa
and dsoin carcinomasof ovary, endometria and uter-
inecervix, but not in normd tissuesfrom corresponding
organsor from placenta.l*¥

Recent progressin understanding theroleof cata-
Iyticaly ectivecarbonic anhydrase X tumorshasopened
new possihilitiesfor diagnostic and/ or therapeutic ap-
plicationson carbonic anhydraseinhibitorsselectively
blocking the enzyme activity of cancer related
isoformg*?

Thehigh expression of CA X1l in some selected
cancer cdl linessuggested that it could serveasauseful
biomarker of somemaignant tumorsand could dsobe
considered aspotentia target for novel therapeutic ap-
plications®® CA Xll isatransmembraneisozymethat
hasbeenidentified in carcinoma.*¥

EXPERIMENTAL

Samplecollection

The samples were collected from Coimbatore
Medica CollegeHospital, and GKuppusamy Naidu
Memoria Hospita, Coimbatore. It has been approved
by Ethical Committee. (GKNMH/IEC/2008
dt.15.11.2008). The sampleswere collected freshin
salineand stored at -80°C.

| solation of RNA

Totd RNA wasisolated from different ovarian can-
cer tissuesusing the Trizol reagent (GIBCO-BRL) ac-
cording to themanufacturers’ instructions. To evaluate
the suitability of purified RNA (human) for RT-PCR
gpplicationsacontrol RT-PCR can beperformed using
template RNA and the provided control GAPDH prim-
ers. The GAPDH-specific control PCR primersarede-
signed to be complementary to human GAPDH genes
and generate a496bp RT-PCR product.

Preparation of first strand cDNA
To5pulof RNA, 1 pulofoligo (dT) g, (0.5mg/
ml)was added and 12 pl of nuclease-free de-ionized
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water was added and mixed gently for 3-5 secondsin
amicro centrifuge. Themixturewasincubated at 70°C
for 5 minutes, chilled oniceand thedropsarecollected
by brief centrifugation. Thetubeswereplaced onice
and thefollowing reagentswereadded :4ul of 5x reac-
tion buffer,0.5ul Ribonuclease inhibitor (40 pul /ul), 2ul
of 20mM dNTP mix. The mixturewas gently mixed
and the dropswere collected by brief centrifugation.
Themixtureisincubated at 42° C for 5 minutes. 2ul
AmV reversetranscriptase (10 p/ul) was added and
thefina volumeismadeto 20 ul. The mixture was incu-
bated at 42°C for 60 minutes. Thereaction was stopped
by heating at 70°C for 10 minutesand Chilled onice.
Thefirg strand cDNA synthesized can beused directly
for PCR. The synthesized cDNA should bestored at -
20° C.

Primersfor cDNA synthesis

Synthesisof first strand cDNA can beprimed with
ether Oligo(dt) 18 primer, random primersor gene spe-
cficprimers Oligo(dt)18 primerscDNA synthesisfrom
the poly(A) tail present at the 3’-end of eukaryotic
mMRNA.

Random Primersinitiate cDNA synthesisfromthe
total RNA population (rRNA and mRNA). Therefore,
using random primersfor first strand synthesisresulted
inagreater complexity of the generated cDNA com-
pared with the oligo(dt) 18 primer. Asaconseguence,
the sengitivity and specificity of subsequent PCR reac-
tionsmay bereduced. Therearesevera applications
whereitisbeneficial to userandom primers, such as
cDNA synthesisusing mRNAswithout apoly(A) tail,
or cDNA synthesis using poly(A)-enriched RNA
samples.

Gene-gpecific primerswereused to synthesize spe-
cificcDNA fromapool of total RNA or mRNA and it
can be obtained.

PCR

Theprimersfor the PCR reaction were designed
by using the published information on CA 1X mRNA,
and purchased from Helini Biomolecules, Chenna. The
forward primer (F1) was 5-CAC CGT TTC CCT
GCC GAG AT -3’ and the reverse primer (R1) 5'-
AGCTGTAGCCGAGAGTCACC-3.InCAXII
of experiments, theforward primer (F2) was5-GGA
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CAG CACTTC GCC GCC GA-3' and the reverse
primer (R2) 5-GTA GCG GTAATATTCAGC GG-
3. With these primersthe PCR amplification product
was predicted. To confirmtheresultsand al the other
reagents for the PCR reaction was added except the
dNTP mix. 5ul of cDNA was used as template. The
PCR denaturation step for 1 minfollowed by 30 cycles
of denaturation at 94°C for 30 sec, annealing at 55°C
for 30 sec, and extension at 72°C for 1 min 30 sec,
wasfollowed by afinal extensionat 72°C for 3min.
The control PCR reaction was performed withthefol-
lowing primersfor B-actin: the forward primer was 5'-
GAA GAG CTA CGA GCT GCC-3' and thereverse
primer was 5-TGA TCCACA TCT GCT GGA -3.
The control reaction was carried out according to the
following protocol: 94°C denaturation step for 1 min
wasfollowed by 30 cyclesof denaturation at 94°C for
30 sec, annealing at 60°C for 30 sec, and extension at
72°C for 40 sec, wasfollowed by final extension at
72°Cfor 3min. Theresultsof the PCR reaction were
andyzedusingal.2% agarosegd containing 0.1 pg/ml
ethidium bromidewith DNA standard (100-bp DNA
Ladder; Medox biotech,Chennai,India)

PCR amplification of first strand cDNA

To 25ul of 2 X PCR master mixes, 2pul of cDNA
from first strand reaction was added and 1ul of for-
ward primer and reverse primer was al so added and
made up to 50ul with water. The PCR cycle followed
by Initia denaturation at 94°C for2 min, then Denatur-
ation at 94°C for 30sec, and for Primer annealing at
54°C for 30sec,followed by Primer extension at 72°C
for 1.5min.And placethe PCR tubesat 4°C 1min.

RESULTS& DISCUSSION

Expression of RNA

Researcher’s examined the expression of RNA
whichwasisolated from Ovarian cancer patientsusing
Trizol reagent. Quantitativeestimation and purity andysis
of RNA wasdetermined by using UV spectrophotom-
eter. Theisolated RNA wasqualitatively estimated us-
ing agarosegel dectrophoresis. (Figurel) TheFigure
showed the expression of RNA inall six lanes. RNA
which wasisolated from different ovarian cancer tis-
sues were subjected to reverse transcription as de-
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scribedin ‘“Methods’.

(-)

(+)

Lane 1: Sample | Lane 4: Sample 4

Lane 2 : Sample 2 Lane 5: 5ample 5

Lane 3: Sample 3 Lane 76: Sample &

Figurel: RNA Isolation from ovarian cancer tissues

Expression of CAIX genein PCR products

The PCR reaction productswere separated on 0.8
% agarosegd sand visudized by ethidium bromidesain-
ing. Stained gel swerevisualized under UV trangllumi-
nator.. Theresultsshowed the CA I X geneexpression
at theexpected molecular weight in all thelaneswhen
compared with the house keeping genesp actin.(Figure
2) Thesamewasobservedin CA Xl geneexpression
(Figure3)

1. 2 A 4 5 6 7

600 bp —»

by — «— CAIX

600 bp —» L5

N ——————
Lane 1 : 100 bp DNA Ladder
Lane 2 : Sample |

Lane 3: Sample 2

Lane 4 : Sample 3

Lane 5 : Sample 4
Lane 6 : Sample 5
Lane 7 : Sample 6

Figure2: Expression of CA I X in ovarian cancer tissues

Sinceovarian cancer produceclinica symptomsin
itslate stages, aclear need existsfor better early detec-
tion methods. Although anumber of tumor biomarkers
for ovarian cancer have beenidentified and studied.[
CA IX ispresent in several types of human tumors,
whereasitisusualy absent inthenormal tissuesfrom

1 2 3 4 5 6 7

600 Bp —» e
368 bp *+— [f-Actin
600 bp — [
284 bp —» +—— CA XII

Lane 1: 100 bp DNA Ladder
Lane 2 : Sample 1
Lane 3 : Sample 2
Lane 4 : Sample 3

Lane 5 : Sample 4
Lane 6 : Sample 5
Lane 7 : Sample 6

Figure3: Expression of CA XII in ovarian cancer tissues

which thesetumorsoriginate.*® It ispossiblethat CA
IX could represent avaluabl e diagnostic marker for
ovarian mucinoustumors, asit isthe casefor pancre-
atic.' and col orectal*® mucinoustumors, sincethey
al show highlevelsof CA IX expresson.

CA Xll wasorigindly discovered asacdll surface
carbonic anhydraseisozymethat isover expressedin
renal cell carcinoma.*® In malignant tumors, CA XI|
has been proposed to acidify theimmediate extracel lu-
lar milieu surrounding the cancer cells. Theacidification
would create amicroenvironment conducive tumor
growth and spread.2”

However, for selected cancers, some genes may
proved to be apowerful diagnostic biomarkers. One
suchlikeisCA IX which wasabiomarker for cervica
dysplasiaand carcinoma?Y. Previoudly it hasbeenin-
vestigated that the expression of CA 1X isanexcellent
diagnostic biomarker for renal cell carcinoma.’”? The
combined detection of CA IX and CA Xl expression
will identify all rena cell carcinomas.? Theresultsof
our study showed the expression of CA 1X & CAXII
inal theovarian cancer tissueswhich can beregarded
asabest tumor marker in the early stages of ovarian
cancer when compared with all other tumor markers.
Finaly, our studiessuggest that CA X1l and CA X are
highly expressedin ovariantumors.
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