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Abstract Estrogen receptor (ER) is widely used as an indicator of prognosis and response to
endocrine treatment of primary breast cancer. ER phenolypes detected by conventional assays may not
reflect their capability on binding specifically to estrogen response elements of target DNA. The reverse
transcription polymerase chain reaction (RT-PCR) has been shown to offer the sensitive and specific method
for measuring the ER mRMA in breast cancer. The ER-mutant gene which is positively detected in breast
tumor by biochemical or immunocytochemical assays may be negatively shown by RT-PCR or vice versa.
PCR technigue for examining expression of ER mRMNA may therefore provide a good screening method for
detection of functioning ER that will affect the selection of appropriate treatment and prognosis of breast
cancer patients, We have developed RT-PCR assay using f2-microglobulin as internal contral for detection
and relative-quantitation of ER mRNA in breast cancer tissue. Preliminary results show that the developed
assay provides a sensitive and specific method for detection of ER expression in breast tumor, Also, the

assay procedure Is simple, rapid, non- expensive and required very small amount of breast cancer tissuas.
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INTRODUCTION

The presence of estrogen receptor (ER) in
breast cancer tissue was used as a biologic marker
for hormonal responsiveness and the degree of
differentiation of the tumor," About 60-70 % of breast
cancer with ER- positive phanotype failed to respond
to an endocrine therapy and it was suggested that
these endocrine-resistant tumors contained dys-
functional ER.? Alternatively, 5-10% of appa rently ER-
negative breast tumors responded to endocring
treatment, suggesting that some of these tumors
might contain functional ER that was undetected
by classical receptor assay. It may no longer be
sufficient to just define that a tumor is ER- positive or
ER- negative phenotype but information about its
functional behavior is also important,

A variety of technigues have been used to
defermine ER protein levels in breast tumors,
Variation in ER assays is a major factor in the
interpretation of ER results and may affect the guality

of treatment. The conventional radioreceptor assay

and enzyme immunoassay (EIA) require large
portion of tumor tissues with high intra- orinter-assay
variability. Decreased tumor size due to early
detection of breast cancer makes conventional
assays become more difficult to study ER protein.
The immunocytochemical assay (ICA) yields a
higher sensitivity and specificity and is able to
perform with smaller pieces of specimen, as well
as those from fine needle aspiration. However, ICA
requires very speclfic antibody and relies on
subjective interpretation of results. Maoreaver, mea-
surement of ER content either by EIA or ICA ara
based on the integrity of the receptor protein's
carboxy terminal and steroid recognition domains
without regard to structure ar functional abnorma-
litles that might exist with its NHE -terminal regions
including the DMA binding domain. Measurement
of the fraction of DNA binding ER may have important
prognostic utility,

Recently, the reverse transcription polyme-
rase chain reaction (RT-PCR) for detection of ER




Siriraj Hosp Gaz

The Development of a Reverse Transcription Polymerase Chain
Vol. 52, No. |, January 2000 32

Thanongchai Siriapisit. et al,

mRMNA has come to be research interest. Previous
resulls show that the RT-PCR method offers more
rapid and specific tool for detection of ER
expression in small amount of breast cancer tissue.
Also, ER mBRMA expression has been shown to
associate with ER phenotype In primary breast
cancer as determined by standard quantitative
assays.”® Some of the archival specimens were
assayed for ER expression by using ﬂ?—micmglubu—
lin { B, M) expression as internal control® which made
the RT-PCR method be possible for gquantitativa
analysis of ER mRMNA. This report will describe the
development of RT-PCR assay for relative quantita-
tien of ER mRNA in primary breast cancer in Thai

women,

MATERIALS AND METHODS
Tumaor lissue

Breast tissues were collected from breast
cancer patients treated at Siriraj Hospital, and kept
frozen at —70°C until assayed. Positive canfrol was
tumor issue having ER-positive by both ElA and PCR
methods while negative contral was tumor tissue
that gave negative result by these two methods,
RNA isolation

Total RMNA was isolated from frozen tumor
tissue using modified guanidinium thiocyanate
phenal chloroform extraction.” Approximately 50 mg
of tumor tissue in 0.5 ml solution D (4 M guanidinium
thiocyanate, 0.5% lauryl sarcosine, 0.1 M 2-
mercaptoethanal, 25 mM sodium citrate pH 7.0) was
homogenized. Then 50 [ of 2M sodium acetate pH
4.0, 0.5 ml phenol and 100 L chioroform | isoamylal-
cohol (24:1) were added to homogenate befora
cooling down on ice for 20 minutes. The homege-

nated tissue was centrifuged at 12,000 g for 20
minutes. The upper phase was transierred to a new
tube and 0.5 ml isopropanol was added to
precipitate RNA by keeping at -20°C far 2 hours.
RMA was pelleted by centrifugation at 12,000 g for
20 minutes. The pellet was washed by 70% alhanol
and re-centrifugation at 12,000 g for anaother 15
minutes. The RMA pellet was collected by
discarding the supernatant and dry in room air
before dissolving in 25 W diethylpyrocarbonate
treated water, Average amount of RMA cancentration
obtained from extraction varied from 0.2 to 5 ng/ml.
Primer

ER primers for amplification ER mRMNA and
internal control primers ( B M primer) for amplifica-
tion EEM mRENA used in t-he present study were
followed those of Chevillard's raport.’ ER upstream
primer was S ACTCGCTACTGTGCAGTETGCAA-
TG-3' (cONA seguence @ 776-800), and ER down-
stream primer was 5'- CCTCTTCGGTCTTTTCG-
TATCCCAC-3' (cOMA sequence : 1014-880), the
product was 229 bp in length, spanning junctions
between exons 2todand Ato 4. The B?M upstream
primer was 5'-CATCCAGCGTACTCCAAAGA-3
(cOMA seguence © 87-116) and EEM downstream
primer was 5-GACAAGTCTGAATGCTCCACS
(cDMA sequence : 242-261), product was 165 bp.
Reverse Transcription and Polymerase Chain
Reaction { RT-PCR)

Reverse transcription of RMNA and DMNA
amplification was processed insame tube. Mixture
comprised of PCR buffer (50 mi KCL, 10 mM Tris-
HCIl pH 8.3, Perkin Elmer), 1.5 mM MgC, 25 nM
of each dNTPs, 100 pmol of each primer (ER
upstream, ER downstream, |3?M upstream and BEM
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downstream), 25 U of Molony Murine Leukemia Virus
{MuLY) reverse transcriptase (Perkin Elmer), 1.25 U
of AmpliTag DMA polymerase (Perkin Elmer) and
total RMA varying from 0.1 lg to 10 Qg in a final
volume 50 pl, First step incubation of mixture was
performed at 42°C for 30 min (DMNA thermal cycler
2400, Parkin Elmer) for reverse transcription, The
second step containing denaturation at 94" C for 15
sec, annealing at 60°C for 30 sec and extended
incubation at ¥ 2°C for 60 sec for the total of 35 cycles.
Finally the PCR product was incubated at 72°C for
10 min then cooled down to 4°C,
Quantitation of PCR Product

Five pl of PCR product was run on 3%
agarose gel, at 100 V' for 20 minutes and stained
with ethidium bromide in TAE buffer. The image of
ethidium bromide stained agarose gel was
digitalized by Video Gel Documentation System
(GelDoc 1000, BioRad). Intensity of ER band and
|32M band was analyzed by MIH image 1.61 program.
ER expression was calculated using ratio between
the intensity of ER band over p M band. The
advanced image-analysis system provides mora
reliable results thus the subjective interpretation can
be avoided. Twelve breast cancer tissues wera
randomly selected to evaluate for ER mRENA by the
developed protocal,

RESULTS
The assay was developed using RT-PCR
procadure {o detect ER mRMNA in frozen breast
cancer tissue. ER gene cantains eight exons and
ER pratein has six functional domains, designated
Adhrough F. Domain C, which spans exons 2and 3,
binds DMA and domain E, which spans exons 4-8,

contains the hormone binding site.” The assay was
desianed in arder thal DNA binding domain,
betwaen exons 2 to 3 and 3 1o 4, was amplified.
Primers were chosen to amplify a region of both ER
gene and BEM gene across a splice site of both
genes lo avoid confusion that could arise fram
amplification of genomic DNA. Since small amount
of surgical lissues ar fine needle aspiration lissues
provided minimal amount of mENA, modification of
RT-PCR assay to achieve good sensitivity and large
amplification of ER mRMA in breast cancer is
Necessany.
Madification of initial amount of fotal RNA

Same amount of EEM mRNA was found in
every lumor cell thus it could be used as internal
control for RMA extraction and calculation of band
ratio.* If BJM band was negative in any assay tube
the ER-RMA was not collecled. Previous report
showead that ER.-'{]EI'-.-'I ratio ramained constant when
tal amount of RNA between 10 ng to 2 g was
used.’ By varying an amount of total RNA, this
developad assay can detect ER band at 0.1 g total
RMA. However, for beller intensity of ER band, more
than 1 Jg of total RNA should be used and 5 pUl of
initial total EMA obtained from the extraction
contained enough RNA template for amplification.
Two-step RT-PCR modification

It was believed that enzyme reverse trans-
criptasa reduced DMA polymerase activity, thus in
previous protocol of RT-PCR. two reactions were
parfarmed in different tubes.” First tube was for a
reverse transcription to produce cDMNA from mRNA
and secand tube was for a polymerase reaction to
amplify cONA, Though the original protocol yielded

good sensitivity, it had disadvantages of time
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consuming and high costs. |n this present modified
protocal, the reverse transcription and polymerase
chain reaction were periormed in same tube in order
to lessen time and improving the sensitivity of the
assay. The results showed that this assay protocol
was able to give enough band intensity of both ER
and pM at only 0.1 g of initial total RNA, This
provides more simple, rapid and less cosls o
measure ER mRMNA expression,
Reduction of enzyme cohcenlralion

Following standard protocol of RNA-PCR
Kit (Perkin Elmer), 50 U of MuLV reverse transcriptase
and 2.5 U of AmpliTag polymerase were used. The
concentration of both enzymes was half reduced in
this modified protocel and no significant difference
of band intensity betwaen standard and madified
protocol was observed. (Figure 1) This maodified
protocol gave the same band intensity with less non
specifiic product and lower costs than a original

protocol,

238 bp
165 bp

Figure 1. Effects of reduction in concentration of
wMuLV reverse tfranscriptase (MuLV-RT)and
AmpliTag polymerase (Tag) enzymes on
RT-PCR products of ER mRMNA measure-
ment.
lane 1 = posilive control
lane 2 = negative contral
lane 3 = MulV-RT 50U+ Tag 25U
lane 4 = MulLV-RT 25U+ Tag 2.5 U
lane 5 = MuLV-RT 50U +Taq 1.25U
lane B = MuLV-BT 25U+ Tag 1.25 LU

Meadification of PCR amplification time

Time and temperature used in conventional
protocol of PCR (RMA- PCR Kit, Perkin Elmer) was
35 cycles of 60 sec at 94°C for denaturation, 60 sec
at 60°C for annealing, and 60 sec at 72°C for
extended incubation that took about 3-4 hours total
reaction ime. The lime in standard protocol was
modified to become 15 sec at 84°C, 30 sec at 60°C
and 60 sec at 72°C for total 35 cycles, followed by
extended incubation at 72°C for 10 min. The result
showad no significant different of band intensity
between conventional and modified protocol.

The results of ER mRMNA measurement in
12 breast cancerlissues are shown in Figure 2. Intar-
assay reproducibility of a positive control sample
has been tested within ten assays and ER mRNA
expression was detecled in every batch of assays.
Figure 3 demonstrated the intra-assay reproduci-
bility when different sample tubes of same ER-
positive sample and ER-negative control wera

simultaneously measured,

DISCUSSION

ER expression is an important prognostic
factor of breast carcinoma. Biochemical assays
used for measuring ER protein (ER phenotype) have
disadvantages of time consuming and need large
amount of tissue as well as costly reagents. More
importantly, those assays cannol give information
about real biclogical function of the steroid receptor,
We have developed RT-PCR aszsay with internal
control amplification to measure ER mRNA available
for routine use, This assay is simple, rapid with
adequate sensitivity for detecting ER mRMNA
expression in very small amount of breast cancer
tissue (0.1 L)
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Figure 2. Products obtained from RT-PCR assay for ER mRNA in 12 breast cancer tissues.

lane 1 = pasitive control

lane 2 = negative control

lane 3,4,5,8,10.12,13 = positive expression of ER mRNA

lane 6.7.9,11,14

12 3 4 g g T8 810 1112

Figure 3. The intra-assay reproducibility of modified
RT-FPCR assay for detection of ER mRNA
in breast cancer, ER mRNA exprassion
was detectad in all lanes of positive contral
sample except in lane & which was

negative cantrol sample.

Competitive RT-PCR  measures the
absolute levels of RMA because the amount of
competitor RNA added s known.” However,
competitive RT-PCR is expensive and unsuitable
as a routine clinical assay." Chevillard's group

= negalive expression of ER mRMA

successiully developed RT-PCR co-amplification for
detection and relatively quantitation of ER mRMNA with
lower cost than a competitive PCR, and found that it
provided information concerning ER expression
similar to ER-EIA*

Mutations of ER can result in receptors with
varied functions including active receptors, inactive
receptors, and dominant negative receptors.” Not
all tumor celis that had positive ER shown by 1CA or
ElA, expressed ER mRNA.""* Several variant ER that
have deletionwere shown to be presented in breast
tumor tissues, Some form of variant ER such as ER
with exon 7 deletion is unable to function due to
transcriptional defect.”™ Alternatively, some study
showed that 29% of breast carcinoma with ER-
negative phenotype had ER mRNA expression.’ The
result agreed with another work demonstrated in
breast carcinema, an extensive methylation of ER
gena 5 CpG island in association with the absence
of ER exprassion.”” These agreements demanstra-
ted the usefulness of RT-PCR assay for examining
expression of ER mRNA especially in ER negative
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phenetype breast carcinoma.

Further validation of this assay will be done
in arder to find the relationship of ER mRNA expres-
sion with ER phenotype measured by EIA and/or
ICA as well as with other prognostic factors and

clinical outcomes of breast cancear.
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