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ABSTRACT

Although the incidence of many types of cancer has declined globally over the last thirty years, the incidence of
breast cancer globally has increased. Among women in worldwide, breast cancer remains one of the most common
cancers. Genetic changes can occur at different levels and by different mechanisms. The gain or loss of an
entire chromosome can occur through errors in mitosis. More common are mutations, which are changes in
the nucl eoti de sequence of genomic DNA. Novel methods are being developed for the production of antibodies to
specific antigens and thus helping in the process of development of protein based vaccines. HERL gene was
amplified from the tissue samples of the infected persons. In our present study 15 Indian families with hereditary
breast cancer were studied for HER1 mutations using PCR RFLP method. Blood sample were collected and total
genomic DNA was isolated using modified CTAB method. The isolated DNA was run on 1% agarose gel to verify
the quality and the quantity was estimated by spectophotometrically. PCR was done using the specific primer and
the gene product was electrophorized in 2% agarose gel. The amplified product was subjected to restriction
digestion using EcoR1 and the PCR RFLP pattern was analyzed. The sample no 11 showed a single band, which is
not digested with the restriction enzyme. So it confirmed the mutation in the recognition site of the enzyme. We
eluted the PCR product along with two normal sample and send for sequencing. The sequencing result showed that
there is a single mutation at the EcoR1 restriction site. So RFLP can be used as to find out mutation or SNP in the
gene responsible for the cancer devel opment.
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INTRODUCTION

HERZ2 is a member of the epidermal growth factoeptéar (EGFR/ERBB) family. Amplification or over epgssion

of this gene has been shown to play an importdatinahe development and progression of breastezafn recent
years the protein has become an important biomaretarget of therapy for approx. 30% of breasteapatients

[1, 2]. Both the epidermal growth factor recepteGFR/HER1) and HER2 are members of the ErbB faofilthe
type | receptor tyrosine kinases [3], which alsgludes HER3 and HER4. These homologous recept@&s ar
comprised of an extracellular binding domain (EC®})ransmembrane domain, and an intracellular ityedsinase
(TK) domain [5, 6, 7].
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HER1 has several ligands including EGF, transfogrgrowth factora, amphiregulin, betacellulin, epiregulin and
heparin binding-EGF [4, 8]. A HER2 ligand has neeb identified, but over expressed HER2 is cornstély
active [9]. In cells expressing both HER1 and HER#hding of ligand to HER1 can induce HER1-HER1
homodimerization and HER1-HER2 heterodimerizatibnese active dimers transmit through signaling \wails
including Ras/Raf/MEK/ERK and PI3K/Akt, which amaportant for tumor growth and metastasis [10, RHcent
studies have shown that HER1-HER1 homodimers anBIHEER2 heterodimers also exist in inactive and-non
ligand bound conformations also [12, 13]. Thesendéars are also thought to structurally rearrandgenm actively
signaling complexes [14].

HER2 over expression has been observed in sevanakec types [17]. From 15 to 30% of human breasiots
display HER2 gene amplification or protein over m@gsion, which is prognostic for poor outcome aredljgtive of
a response to trastuzumab [16, 17]. HER1 over ege has also been observed in colorectal, gasiraast,
ovarian, non-small cell lung, and head and neckitamas as well as glioblastoma [18] and has b&ews to
contribute to cellular transformation and prolifitsa [19]. Potential cooperativity of HER1 and HERR mouse
mammary tumorigenesis has been reported [20, 21].

Several drugs that target HER1 and HER2 receptave been utilized in both preclinical and clinicabdels of
breast and other cancers. Treatment with the huadninonocolonal HER2 antibody trastuzumab is n@amndsrd
of care for individuals with HER2-positive invasibeeast cancer in metastasis [14, 20]. Howeverefahan 50%
of patients with metastatic HER2-positive breastdus show initial benefit from trastuzumab treattpend many
of those eventually develop resistance [21]. Thxslusive measurement of total HER2 receptor lenay not
provide sufficient information for prediction of uly response. Human epidermal growth factor recepkiR2 over
expression is present in approximately 20—-30% e&sir cancer tumors. HER2 over expression is asedaidth a
more aggressive disease, higher recurrence rateshemtened survival [21].

HER?2 is part of the epidermal growth factor (EG&nfly, along with 3 other receptors: epidermal gitofactor
receptor (HERL, erbB1), HER2 (erbB2), HER3 (erbB8)] HER4 (erbB4). The HER2 gene is located orichg
arm of chromosome 17 and encodes a 185-kDa transraem protein [21]. The HER2 receptor extracellular
domain has no identifiable ligand, unlike the otB&F family receptors. It is present in an actisaformation and
can undergo ligand-independent dimerization witheofEGF receptors [13]. The most active and tummompting
combination is thought to be the HER2/HER3 dimé&][HER?2 is co-localized, and, most of the timeacoplified
with the gene GRB7, which is a proto-oncogene astaxt with breast, testicular germ cell, gastricj @asophageal
tumours. HER2 proteins have been shown to formtetasn cell membranes that may play a role in tigemesis
[16, 17].

The present study is aimed to isolate the DNA fitisaue samples infected by breast cancer. The shabtly
concentrated on isolating the HER1 and HER2 gedet@fingerprint the DNA to trace out the mutatidnsPCR-
RFLP method. This method of study might be used/dacine production against the HER1 & HER2 amtggand
also to find out the mutation effects of the subtttn. And also to identify the SNPs in the HERIdeHER?2
regions by PCR-RFLP and to sequence the SNP.

MATERIALS AND METHODS

Sample collection: Samples were obtained from families at high risk oeast cancer, with three or more
individuals with early-onset breast cancer. DNA veatracted either directly from peripheral bloodhjghocytes.
Blood was collected in EDTA collection tubes andretl at 4°C till useApproximately 3mL venous blood were
collected from each patient, and added to the Raforew Cap Sterile Tubes (50mL) containingu5@f 0.5M
EDTA.

DNA extraction: The DNA extraction was carried out by the Phenlole@form- Isoamyl Alcohol (PCI) method.
Briefly to 3mL of the EDTA treated blood samplesml5 of RBC lysis buffer pH 7.3 (10X buffer: 89.9gno$
NH,CI, 10gms of KHCQ@ and 2mL of 0.5M EDTA(pH:8)) was added and incubatetbom temperature for 1hour.
The contents are then mixed thoroughly and cemgeifluat 1000rpm for 30 minutes, and the supernataafully
removed and discarded without disrupting the vésibhite pellet. The white pellet was resuspendethih of RBC
lysis buffer and the mixture was then centrifugedl®000 rpm for 15 minutes. The supernatant obthiwas
removed and discarded without disrupting the visiihite pellet. The white pellet was thoroughly e in 1mL
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of PBS (phosphate buffered saline). The contergstlaen centrifuged at 10,000 rpm for 10 minutes] Hre
supernatant was removed and discarded withoutatiaguthe visible white pellet. To the pelletil5of Proteinase-
K (10mg/mL), 50QL of DNA extraction buffer(100 mM Tris HCI, 200mMH A, 1.4 M NaCl, 1% CTAB, 50uL
of B-mercapto ethanol, 2b of 1M DTT(Dithiothreitol) were added and mixecbtioughly.

The contents are then incubated the above mixtud& e for 30minutes in incubator, followed by 66f@ 30-60
minutes in water bath. To the above mixture equabunts of Phenol/Chloroform/Isoamylalcohol (25:24ate
added and centrifuged at 10,000 rpm for 15 minufé® aqueous layer was slowly aspirated and to ebisal
amount of Choloroform/Isoamyl alcohol (24:1) veakled and mixed gently. The mixture was centrifugtet0,000
rpm for 10 minutes and the aqueous layer sepamated fresh microfuge tube and an equal amoutsagropanol
was added for precipitating the DNA. The DNA wadlgied down by centrifuging at 10,000 rpm for 15noties.
The pellet obtained was washed with 70% ethanoldiseblved in 30L of sterile Milli-Q water and stored at -20°C
until further use. The quantity of the isolated DN#as checked in UV-VIS spectrophotomer (Vivaspec
Biophotometer, Germany). The DNA samples obtainedewun on 1% agarose gel to quantify them. Psmare
designed to either introduce or destroy a restricsite in either the wild-type or the mutant aleThe HER1/2
specific primers were designed using Primer3 Ridisvare.

PCR Amplification: The HER1 gene was amplified by PCR using purifiethamic DNA as a template.
Oligonucleotide primers were synthesized to ampliy intact region of HER1 gene. The forward prifieetHER1,
5" CAC CTC CAA GGT GTA TGA AG 3and the reverse primer-E£TC TAG GAT TCT CTG AGC ATG G '3
were purchased from Eurofins, Bangalore. These ggeneorrespond to the gene HER1 and thus the RQ&
product was 470bp. The PCR mixture consisted of rE@&ction buffer with MgCI2 (1.5mM), 12 of dNTP mix
(2.5mM), 2L each of forward and reverse primers (10picomglesach primer), 0L of Taq DNA polymerase
(5U/uL), and 50ngfiL of template DNA in a total volume of g0.

The PCR was performed with the following cyclingfile: initial denaturation at 94°C for 5min, folied by 30
cycles of 40s denaturation at 94°C, annealing &56r 30s, and extension at 72°C for 1min. Theetfior the final
extension step was increased to 5min. The PCR pteadunplified were then qualitatively analyzed éa dgarose
gel. The PCR product was recovered using the Qliskggel extraction kit, and the amplified producasvthen
purified and used for cloning purpose. The PCRyas&s performed using 1ul of the DNA template itotal
reaction volume of 20ul. The reactions were perfmnm a Thermo cycler (G-Strom, UK). Thirty ampidiion
cycles were performed. After amplification, PCRducts included 100 bp ladder was loaded in 1.Qgarése gel
electrophoresis. After a post staining in 0.50migif Ethidium bromide solution, the results of géctrophoresis
were documented by using a gel documentation system

SNP Detection by Restriction fragment lenth Polymagohism: To determine the SNP, RFLP analysis was
performed separately by selected Restriction endeases enzymecoRI (Merck, India). The PCR products were
mixed with PCR-RFLP reaction mixture (10X Assay fguf 100X BSA, and Restriction enzyme). The corgent
were mixed properly and incubated at’G7or 4hrs.The PCR products obtained were digested with oéistni
enzymes and resolved on 2% agarose gel to checthdobanding pattern. After Restriction digestitme PCR
products included 100bp ladder was loaded in 2.@fardse gel and Electrophoresis was performed.

Direct Sequencing of PCR Products for SNP detectioThe samples showing aberrant heteroduplex pattera w
reamplified from genomic DNA. The amplicons wereified using Bioline PCR purification kit (BiolindJK) and
subjected to cycle sequencing using ABI Protocahgiglirect incorporation of radiolabel was followed per
manufacturer’s instructions. Cycling conditions &v&0 cycles of 95°C for 30s, 56°C for 30s and 7@CLlmin.
The sequencing primers were the same as thosdasetplify the template.

RESULTS AND DISCUSSION

DNA isolation and quantification

The total genomic DNA was isolated by modified CTA®thod from the infected blood samples. A totat@fen
blood sample was collected from the Govt .HospBalngalore. After RBC lysis, the obtained pelleswsed for
the total genomic DNA isolation. The isolated DNAasvelectrophorized in 1% Agarose gel as shownarfigure
1.
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Figure 1: GenomicDNA isolated from patient blood samples (Lane 1-14Genomic DNA)

PCR amplification:

The predicted primers were validated initiain silico and subsequently in wet lab. The primers coulddy&sh
amplicon of the expected size of ~ 500 the PCR product was electrophaedzand visualized by 1% agarose 1
(Fig) HER1 gene (chr 17g21) is a tumor suppressoredghat encodes tumor suppressor protein which et
negative regulator for tumor grow

SNP analysis RFLP method
In this study, 15 Indin families with hereditary bret cancer were studied for HERdutations using PCR RFL
method as shown in the figure 2.

Figure 2: SNP detection by using RFLP analysiof HER1 gene using=co R1restriction enzyme. M: Marker 1kb

The amplified product was subjected to restrictiggestion usingecoR1 and the PCR RFLP pattern was analy.
The sample no 11 showed a single band, which igdigested with the restriction enzyme. So it conéd the
mutation in the recognition sitd the enzyme. We eluted the PCR product along Wwithnormal sample and se
for sequencing. The sequencing result showed lilea¢ is a single mutation at tEcoR1 restriction site

SNP analysis by direct PCR product sequencit: The PCR productsfter restriction digestion which show

single band, were sequenced by cycle sequencindetaify the nature of mutation. Appropriate cohtRCR

products from normal persons were also sequencedwéfe able to identify the mutations in the san] as

shown in the sequence dafehis mutation leads to the inhibition of digestiof the ECOR1 restriction enzyme
which forms an uncut single band in the RFLP pati
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Normal sample (EGFR/HER1)
CCGGAGTCCCGAGCTAGCCCCGGCGGCCGCCGCCGLCCCAGACCGGACGAIICCACCTCGTCGGCG
TCCGCCCGAGTCCCCGCCTCGCCGCCAACGCCACAACCACCGCGCACGQIIITTGACTCCGTCCAGT
ATTGATCGGGAGAGCCGGAGCGAGCTCTTCGGGGAGCAGCGATGCGACCCTGGGACGGCCGGGGL
AGCGCTCCTGGCGCTGCTGGCTGCGCTCTGCCCGGCGAGTCGGGCTCT@EEMAAAGAAAGTTTGCC
AAGGCACGAGTAACAAGCTCACGCAGTTGGGCACTTTTGAAGATCATTTTACAGCCTCCAGAGGATG
TTCAATAACTGTGAGGTGGTCCTTGGGAATTTGGAAATTACCTATGTGCARGGAATTATGATCTTTCC
TTCTTAAAGACCATCCAGGAGGTGGCTGGTTATGTCCTCATTGCCCTCAABCAGTGGAGCGAATTCCT
TTGGAAAACCTGCAGATCATCAGAGGAAATATGTACTACGAAAATTCCTATGCCTTAGCAGTCTTATC
TAACTATGATGCAAATAAAACCGGACTGAAGGAGCTGCCCATGAGAAATTTACAGGAAATCCTGCAT
GGCGCCGTGCGGTTCAGCAACAACCCTGCCCTGTGCAACGTGGAGAGCATBGTGGCGGGACATAGT
CAGCAGTGACTTTCTCAGCAACATGTCGATGGACTTCCAGAACCACCTGGGAGCTGCCAAAAGTGTG
ATCCAAGCTGTCCCAATGGGAGC

SNP sample (EGFR/HER1)
CCGGAGTCCCGAGCTAGCCCCGGCGGCCGCCGCCGCCCAGACCGGACGATIRCCACCTCGTCGGCG
TCCGCCCGAGTCCCCGCCTCGCCGCCAACGCCACAACCACCGCGCACGQITTGACTCCGTCCAGT
ATTGATCGGGAGAGCCGGAGCGAGCTCTTCGGGGAGCAGCGATGCGACCCTGGGACGGLLCGGGGL
AGCGCTCCTGGCGCTGCTGGCTGCGCTCTGCCCGGCGAGTCGGGCTCT@EEMAAAGAAAGTTTGCC
AAGGCACGAGTAACAAGCTCACGCAGTTGGGCACTTTTGAAGATCATTTTACAGCCTCCAGAGGATG
TTCAATAACTGTGAGGTGGTCCTTGGGAATTTGGAAATTACCTATGTGCARGGAATTATGATCTTTCC
TTCTTAAAGACCATCCAGGAGGTGGCTGGTTATGTCCTCATTGCCCTCAABCAGTGGAGCGAATTACT
TTGGAAAACCTGCAGATCATCAGAGGAAATATGTACTACGAAAATTCCTATGCCTTAGCAGTCTTATC
TAACTATGATGCAAATAAAACCGGACTGAAGGAGCTGCCCATGAGAAATTTACAGGAAATCCTGCAT
GGCGCCGTGCGGTTCAGCAACAACCCTGCCCTGTGCAACGTGGAGAGCATBGTGGCGGGACATAGT
CAGCAGTGACTTTCTCAGCAACATGTCGATGGACTTCCAGAACCACCTGGGAGCTGCCAAAAGTGTG
ATCCAAGCTGTCCCAATGGGAGC

CONCLUSION

Breast cancer is one of the most common malignarafiecting women worldwide. In India, breast carisethe
second most common malignant condition among wor@emetic predisposition for familial early onsethoéast
cancer accounts for approximately 5-10% of all sreancers. Mutations in two autosomal dominanegeRER1
and HER2 have been linked to familial breast canlcethe present study 15 Indian families with fi#iery breast
cancer were studied for HER1 mutations using PCRFRRRethod. Blood sample were collected and totabgec
DNA was isolated using modified CTAB method. Thelaged DNA was run on 1% Agarose gel to verify the
quality and the quantity was estimated by specttuphetrically. PCR was done using the specific pricued the
gene product was electrophorized in 2% Agarose gel.

The amplified product was subjected to restrictiggestion usindgecoR1 and the PCR RFLP pattern was analyzed.
The sample no 11 showed a single band, which idiggsted with the restriction enzyme. So it canéd the
mutation in the recognition site of the enzyme. ®liged the PCR product along with two normal sanaple send
for sequencing. The sequencing result showed lieae tis a single mutation at tBeoR1 restriction site. So RFLP
can be used as to find out mutation or SNP in #meegesponsible for the cancer development. Gestimdeof
HER1/2 is available as a routine clinical testd@gnosing hereditary breast/ovarian cancer (HBi@@e US and
other Western countries, while only a few reporéven been published concerning the prevalence of IHER
mutations among Indian people. In conclusion, @gults indicated that HER1 mutation has a rolerga$t cancer
but a considerable proportion of the early breasicer and familial breast cancer may be due togetieer than
HER1 mutation.

Until recently, the study of EGFR function in breaancer biology has been largely limited to HER@eptor [16].

By addingHER-1 in MDA-MB 231 cancer cells | showed how the tratséd cancer cells respond to anticancer
drugs. Understanding how growth factor receptodstaeir downstream kinases are activated by HERA#l {ice-
versa) is a central goal for maximizing treatmeppartunities in breast cancer. In addition to otB&FRs, it is
predicted that modulating the activity of HER-1leigected to provide novel prevention and treatrapproaches
for breast cancer patients.
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Single nucleotide polymorphism (SNP) plays an ingar role in the study of complex genetic diseases,
pharmacogenetic analysis, in population geneticseamolutionary studies. Gene testing of HER1/2viilable as a
routine clinical test for diagnosing hereditarydstovarian cancer (HBOC) in the US and other Westeuntries,
while only a few reports have been published caringrthe prevalence of HER1/2 mutations among imgieople.
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