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Abstract Locally advanced breast cancer (LABC)
remains a clinical challenge as the majority of patients with
this diagnosis develop distant metastases despite appropriate
therapy. We analyzed expression of steroid and growth
hormone receptor genes as well as gene associated with
metabolism of chemotherapeutic drugs in locally advanced
breast cancer before and after neoadjuvant chemotherapy
(NACT) to study whether there is a change in gene expres-
sion induced by chemotherapy and whether such changes
are associated with tumor response or non-response. Fifty
patients were included with locally advanced breast cancer
treated with cyclophosphamide, adriamycin, 5-fluorouracil
(CAF)-based neoadjuvant chemotherapy before surgery.
Total RNA was extracted from 50 match samples of pre- and
post-NACT tumor tissues. RNA expression levels of epi-
dermal growth factor receptor family genes including EGFR,
ERBB2, ERBB3, androgen receptor (AR), and multidrug-
resistance gene 1 (MDR1) were determined by quantitative
real-time reverse transcriptase-polymerase chain reaction.
Responders show significantly high levels of pre-NACT AR
gene expression (P = 0.016), which reduces following
NACT (P = 0.008), and hence can serve as a useful tool for
the prediction of the success of neoadjuvant chemotherapy in
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individual cancer patients with locally advanced breast car-
cinoma. Moreover, a significant post-therapeutic increase in
the expression levels of EGFR and MDR1 gene in responders
(P =0.026 and P < 0.001) as well as in non-responders
(P = 0.055, P = 0.001) suggests that expression of these
genes changes during therapy but they do not have any
impact on tumor response, whereas a post-therapeutic
reduction was observed in AR in responders. This indicates
an independent predictive role of AR with response to
NACT.

Keywords Locally advanced breast cancer - Neoadjuvant
chemotherapy - Gene expression - Responders -
Non-responders - Cyclophosphamide - Adriamycin -
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Introduction

In India, a majority of the patients (50-70%) present with
locally advanced breast cancer [1].

The standard mode of management for locally advanced
breast cancer is neoadjuvant chemotherapy (NACT) fol-
lowed by surgery in the form of modified radical mastectomy
and subsequently three more cycles of adjuvant chemo-
therapy. NACT facilitates local as well as distant control of
the disease and provides an in vivo chemosensitivity test for a
particular regime. It is vital to predict response to chemo-
therapy in order to tailor the regime in a particular patient for
an optimum response and to avoid chemotoxicity in a non-
responder. Various markers like p-glycoprotein, p53, MMR,
apoptotic markers, and toxicity have been studied to assess
and predict response to NACT [2, 3]. In some studies, it
was found that patients whose tumors lacked ER had a
higher response rate to chemotherapy [4-8]. Development of
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resistance to chemotherapeutic agents is a major and
evolving problem, and the search for an ideal predictor of
response is still on [9].

Several lines of evidence suggest that type 1 growth
factor receptor family (EGFR, ERBB2, ERBB3) is involved
in breast cancer development and progression [10]. In pri-
mary breast cancer, increased levels of EGFR [11] and
ERBB2 [12] were first reported, several thousand cases
have been studied, and the clinical significance of EGFR
[13, 14] and ERBB2 [15, 16] has been extensively
reviewed. The expression of both genes is associated with
tumor aggressiveness and is related to a lower response to
treatment. Recently, therapeutic approaches based on
recombinant humanized monoclonal anti-ERBB2 antibod-
ies (herceptin; Genentech, San Francisco, CA) have been
developed [17]. As demonstrated by clinical trials [18],
these antibodies are well tolerated and clinically active in
patients with metastatic breast cancer overexpressing
ERBB2 and result in an increase in the objective clinical
response rates when used in combination with chemother-
apy. One pilot study described the use of pre-operative
trastuzumab and paclitaxel followed by doxorubicin and
cyclophosphamide in women with HER-2-positive stage 11
and III breast cancers [19]. ERBB2 amplification with
enhanced protein expression was noted in approximately
one-third of invasive human breast cancers [20-25], but until
now, its association with classical prognostic factors and
with clinical outcome has been poorly documented, and the
results are somewhat controversial. Overexpression of
ERBB3 is also frequently reported in ERBB2-altered breast
cancers [26]. Human breast cancer cell lines commonly co-
overexpress both ERBB2 and ERBB3, further supporting
their role in breast carcinogenesis [27, 28].

The androgen receptor (AR) is detectable in the majority
of tumor specimens from patients undergoing mastectomy
for breast cancer [29]. AR expression in breast cancer tis-
sue samples has been associated with an improved response
to hormone therapy and longer survival in patients with
breast cancer [30, 31]. Studies by Tilley’s group indicate
that reduced levels of AR or impaired function of AR
contributes to the failure of breast carcinoma cells to
respond to progestin medroxyprogesterone acetate (MPA)
[32, 33], which has been used as a second-line hormonal
therapy for metastatic breast cancer. Multidrug resistance
(MDR1) is a significant challenge in the treatment of breast
cancer.

P-gp, the product of MDRI, was the first anticancer drug
pump to be identified [34]. The MDR phenotype conferred
by overexpression of MDRI is characterized by resistance
to structurally unrelated cytotoxic agents, including anth-
racyclines (doxorubicin and epirubicin are among the most
effective anticancer drugs used in the treatment of breast
cancer), epipodophyllotoxins, Vinca alkaloids, and taxanes
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[35]. Thus, increased expression of MDRI is likely to
contribute to clinical drug resistance in breast cancer.

Hence, this study aimed to define mRNA expression
level of growth factor receptor genes (EGFR, ERBB2,
ERBB3), hormone receptor gene AR, and multidrug-
resistant gene MDR1 and their association with response to
NACT in locally advanced breast cancer to identify
possible candidate gene(s) that may predict response to
treatment regimen and help in assessing the successful
drug-based therapy.

Materials and methods
Tissue samples

A total of 80 patients diagnosed with locally advanced
breast cancer were enrolled who underwent neoadjuvant
chemotherapy between 2005 and 2009 in the Department
of Surgery, Safdarjung Hospital, New Delhi. Eligibility
criteria included histologically confirmed LABC with
measurable locally advanced cases where paired tissue is
available pre- and post-NACT. Informed consent was
obtained from all participating patients, and the study was
carried out with the approval of Ethical Review Committee
of Safdarjung Hospital, New Delhi. From the cohort of 80
patients, in 14 cases, post-therapy tissues was not available,
and 16 samples did not contain enough tumor tissue for
accurate measurement. Therefore, a total of 50 patients
were included in the present study.

All 50 patients received three courses of CAF (cyclo-
phosphamide, adriamycin, and 5-fluorouracil) combination
therapy. Both NACT biopsy and surgical resection material
(frozen tissue) were collected for diagnosis and assessment
of predictive markers. All the tissue samples were snap-
frozen in liquid nitrogen till further investigation. The age
of patients ranged between 26 and 65 years with a mean
age of 44 years. Of total 50 cases, 38% were pre-meno-
pausal. Patient’s characteristics are shown in Table 1.

Treatment regimen and clinical response criteria

Neoadjuvant chemotherapy (NACT) followed by breast-
conserving surgery has become an acceptable option for
patients with locally advanced breast cancer [36, 37].
Treatment with neoadjuvant chemotherapy consisted of the
classical cyclophosphamide, adriamycin, and 5-fluorouracil
(CAF) regimen (cyclophosphamide 600 mg/m2, adriamy-
cin 50 mg/m2, 5-fluorouracil 600 mg/m?2) in standard doses
on the basis of body surface area. At least 3 cycles of NACT
at 3-weekly intervals are administrated to the patients.
Surgery is usually done after 3 weeks of the last cycles of
NACT, and the patients were assessed both clinically and
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Table 1 Patient characteristics (n = 50)

No. of patients (%)

Age

Mean 44.30

Range 26-65
Menopausal status

Pre-menopausal 19(38)

Post-menopausal 31(62)
Tumor size before NACT (cms)

<5 12(24)

5-8 25(50)

8-10 9(18)

>=10 4(8)
Tumor size after NACT (cms)

<5 37(74)

5-8 8(16)

8-10 4(8)

>=10 1(2)
Lymph node status before NACT

N1 19(38)

N2 29(58)

N3 2(4)
Lymph node status after NACT

NO 25(50)

N1 16(32)

N2 7(14)

N3 24
Clinical response

Responders 37(74)

Non-responders 13(26)

by USG/MRI for down-staging of the tumor in terms of
tumor size and axillary lymph node status. While some
patients show a partial or complete response to the above
drug in the form of reduction in breast tumor size or down-
staging of axillary lymph node status, others fail to do so.
Thus, patients have been grouped into responders and non-
responders. Clinical responders were defined as patients
with a complete (CR) or partial response (PR) [CR: com-
plete resolution of tumor, PR > 50% regression in maxi-
mum diameter of initial tumor] after 3 cycles of NACT.
Non-responders are patients with a minimal response
(MR < 50% regression in maximum diameter of initial
tumor), no change (NC), or local progression [2, 3, 38].

Real-time quantitative reverse transcriptase PCR
Total RNA was extracted from histologically confirmed

breast tumors using TRIzol reagent (Invitrogen, CA, USA)
in accordance with the manufacturer’s instructions. The
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Fig. 1 Electrogram showing RNA quality

quality and quantity of the RNA samples were determined
using Agilent 2100 Bioanalyzer (Agilent Technologies,
Waldbronn, Germany) and Nano-drop ND-1000 Full—
spectrum UV/Vis spectrophotometer. Samples having
RNA integrity number (RIN) 6 and above were selected for
real-time experiment (Fig. 1).

RNA was reverse-transcribed in a final volume of 20 pl
containing 2 pl 10X RT buffer, 0.8 pul 25X dNTP, 2 pl 10X
random primer, 1 pl multiscribe RT, and 2 pg total RNA
using high-capacity cDNA archive kit (Applied Biosys-
tems, Foster, CA, USA). The samples were incubated at
25°C for 10 min, 37°C for 2 h, and reverse transcriptase
was inactivated by heating at 95°C for 5 min and cooling to
4°C for 5 min.

Quantitative real-time PCR was performed using an ABI
7000 Sequence Detection System (Applied Biosystems,
Foster, CA, USA) with cDNA as template using TagMan
probe Assay. Primers and Probe for all target genes and an
internal control gene TATA box-—binding protein (TBP)
were designed by Applied Biosystems, (Foster city, CA,
USA). A singleplex reaction mix was prepared according
to the manufacturer’s protocol of Assays-on-Demand Gene
Expression products and included 10 pl of TagMan Uni-
versal PCR Master Mix, 1 pl of 20X Assays-on-Demand
Gene Expression Assay Mix (all gene expression assays
have a carboxyfluorescein reporter dye at the 5'-end of the
TagMan minor groove binder probe and a non-fluorescent
quencher at the 3’-end of the probe), and 4 pl of
cDNA(50 ng) diluted in Rnase-free water, in a total 20 pl
volume. Thermal cycling conditions included an initial
denaturation step at 95°C for 10 min, 40 cycles at 95°C for
15 s, and 60°C for 1 min.

The mean expression level of target gene (EGFR,
ERBB2, ERBB3, AR, and MDRI1) was calculated for
breast tissue normalized to a housekeeping gene TBP
(TATA box-binding protein). The average Cr was calcu-
lated for both gene of interest and housekeeping gene
(TBP). The 27AACT method was used to calculate relative
changes in gene expression determined from real-time
quantitative PCR experiments. The relative gene expres-
sion level was also normalized to a calibrator consisting of
a pool of normal breast tissue specimens. For this,
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specimen of adjacent normal breast tissue from 12 of the
breast cancer patients was used as a source of normal RNA.
Final results were articulated as n-fold differences in
EGFR, ERBB2, ERBB3, MDRI, and AR gene expression
relative to TBP gene and normal breast tissue (the
calibrator).

Statistical analysis

Statistical analysis was done using non-parametric meth-
ods. Comparisons between the responders and non-
responders were made using Mann—Whitney U test, and the
difference in mRNA expression level of each gene in pre-
and post- NACT condition was determined using Wilcoxon
signed ranks test. The correlation matrix denotes the cor-
relation between the considered biomarkers in three groups
(overall, responders, and non-responders). The two-sided
P < 0.05 was considered statistically significant. All of the
statistical analysis was done using the SPSS version 17.0.

Results

In the present study, we analyzed the expression of type 1
growth factor receptor genes, multidrug-resistant gene,
and androgen receptor gene in pre-NACT biopsies of
locally advanced breast cancer and correlated their
expression with response to neoadjuvant chemotherapy.

Since histopathological response evaluation after neoad-
juvant therapy for locally advanced breast cancer is
known to be highly inconsistent, gene expressions was
correlated with clinically determined tumor regression
(reduction in tumor size and lymph node involvement).
According to clinical criteria, 74.0% (37/50) cases were
responders, and 26.0% (13/50) cases were non-responders.

The expression of the 5 genes was studied in all 50
paired (pre- and post-NACT) tissue samples. Comparison
of pre- and post-NACT mRNA expression values showed
decrease in AR levels in 58.0% cases and in ERBB?2 level
in 60% cases. On the contrary, EGFR level was found
increased in 66.0% cases, ERBB3 level in 64.0% cases,
and MDRI level in 88.0% cases.

Gene expression levels in pre- and post-NACT samples

The expression of AR mRNA level was found significantly
high in pre-NACT samples in responders compared with
non-responders, and the outcome was statistically signifi-
cant (P = 0.016, Mann—Whitney U test; Table 2). How-
ever, no significant difference in expression levels of
EGFR, ERBB2, ERBB3, and MDRI1 genes in pre-NACT
samples was observed among responders when compared
with non-responders.

On the contrary, the expression level of genes in post-
NACT samples among responders and non-responders did
not show any significant difference (Table 3).

Table 2 Gene expression levels in pre-NACT samples with locally advanced breast cancer

Gene Non-parametric Mann—Whitney U test P value
Responders Non-responders
n Mean + SD Sum of ranks Mean rank n Mean + SD Sum of ranks Mean rank
EGFR 37 1.50 £ 3.10 944.50 25.53 13 1.18 £ 2.02 330.50 2542 0.982
ERBB2 37 250 £ 2.98 973.00 26.30 13 1.99 £ 3.27 302.00 23.23 0.514
ERBB3 37 4.60 £ 7.03 945.00 25.54 13 4.46 £+ 6.86 330.00 25.38 0.974
MDRI1 37 1.05 £ 1.61 990.50 26.77 13 1.17 &+ 2.46 284.50 21.88 0.299
AR 37 322 £ 453 1,052.00 28.43 13 1.36 £ 2.87 223.00 17.15 0.016
Table 3 Gene expression levels in post-NACT samples with locally advanced breast cancer
Gene Non-parametric Mann—Whitney U Test P value
Responders Non-responders
n Mean + SD Sum of ranks Mean rank n Mean + SD Sum of ranks Mean rank
EGFR 37 3.78 £ 8.00 896.00 24.22 13 290 £ 3.32 379.00 29.15 0.293
ERBB2 37 1.79 £ 2.73 886.00 23.95 13 2.60 £ 2.45 389.00 29.92 0.203
ERBB3 37 5.24 £6.36 933.00 25.22 13 9.83 £ 17.29 342.00 26.31 0.816
MDRI1 37 4.20 £+ 6.17 901.00 24.35 13 4.26 £ 3.85 374.00 28.77 0.347
AR 37 1.36 £ 1.70 894.00 24.16 13 295 +£5.23 381.00 29.31 0.274
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Fig. 2 Expression levels of AR measured in pre-NACT tumor biopsy
specimens and post-therapeutic tumor resection samples in responders

Correlation of alteration in gene expression levels
with drug response

In responders, down-regulation of AR (72.9%; Fig. 2) and
ERBB2 (70.2%) expression and up-regulation of EGFR
(62.2%) and MDRI1 (83.7%) expression were found sig-
nificant (P = 0.0008, P = 0.041, P =0.026 and P <
0.001, Wilcoxon signed ranks test; Table 4).

In non-responders, up-regulation of EGFR (76.9%),
MDRI1 (100%), and AR (84.6%) was statistically signifi-
cant (P = 0.055, P = 0.001, and P = 0.033, Wilcoxon
signed ranks test) (Table 5).

In addition, we applied correlation matrix test for all target
genes in responders and non-responders, and the correlation

between ERBB2 and AR among non-responders was found
significant in pre-NACT tumors. In non-responders, the
expression of both appears to be up-regulated after neoad-
juvant chemotherapy. However, no correlation was observed
in other target genes (Supplementary Table).

Discussion

There are several attempts to envisage the outcome of
neoadjuvant treatment discriminating potential responders
from non-responders to avoid severe side effects of an
unnecessary therapy. The present study was done to
understand the functional role and significance of the
growth factor receptor genes, steroid receptor gene, and
drug-resistance gene with the clinical response to NACT
for locally advanced breast cancer cases and to find out
how these molecular biomarkers play potential role to
predict therapy response.

Over the past few years, cyclophosphamide, adriamycin,
and 5-fluorouracil (CAF) are given as a common combi-
nation of drugs given to women with locally advanced
breast cancer [39—41]. Most studies have solely used
immunohistochemical (IHC) methods to determine
expression of various markers in clinical samples, with
considerable variation in results. Correctly defining a
positive IHC result may well be one of the pitfalls in such

Table 4 Alteration in gene expression levels following NACT in responders

Gene Descriptive statistic Non-parametric Wilcoxon signed ranks test P value
Pre-NACT Post-NACT Positive rank Negative rank
Mean £ SD Mean + SD
n Sum of ranks Mean rank n Sum of ranks Mean rank
EGFR 1.50 £ 3.10 3.78 £ 8.00 23 499.50 21.72 14 203.50 14.54 0.026
ERBB2 2.50 £ 2.98 1.79 £ 2.73 11 216.00 19.64 26 487.00 18.73 0.041
ERBB3 4.60 + 7.03 5.24 £+ 6.36 23 451.00 19.61 14 252.00 18.00 0.133
MDRI1 1.05 £ 1.61 420 £ 6.17 31 636.00 20.52 6 67.00 11.17 <0.001
AR 322 +4.53 1.36 + 1.70 10 177.00 17.70 27 526.00 19.48 0.008
Table 5 Alteration in gene expression levels following NACT in non-responders
Gene Descriptive statistic Non-parametric Wilcoxon signed ranks test P value
Pre-NACT Post-NACT Positive rank Negative rank
Mean + SD Mean £ SD
n Sum of ranks Mean rank n Sum of ranks Mean rank
EGFR 1.18 £ 2.02 290 £ 3.32 10 73.00 7.30 3 18.00 6.00 0.055
ERBB2 1.99 + 3.27 2.60 £ 2.45 9 66.00 7.33 4 25.00 6.25 0.152
ERBB3 4.46 £+ 6.86 9.83 £ 17.29 9 61.00 6.78 4 30.00 7.50 0.279
MDRI1 1.17 £+ 2.46 426 + 3.85 13 91.00 7.00 0 0.00 0.00 0.001
AR 1.36 + 2.87 295 +£5.23 11 76.00 6.91 2 15.00 7.50 0.033

@ Springer



544

Med Oncol (2012) 29:539-546

expression studies. The study of gene expressions from
tissue collected from patients before and after neoadjuvant
treatment provides a lot of keys to decipher the signaling
pathways and prediction of the clinical outcome of therapy.
It gives more prognostic information to clinicians for better
management of the disease.

In the present study, comparison of the mRNA
expression level of AR gene in responders and non-
responders in pre-NACT patients showed that tumors of
responders had the higher AR mRNA expression levels in
pre-NACT condition (P = 0.016). On the other hand, the
rest of the markers (EGFR, ERBB2, ERBB3, and MDR1)
did not show any differential gene expression when ana-
lyzed between responders and non-responders in patients
under pre-NACT condition. The higher pre-therapeutic
AR expression may have a stronger impact on drug
response.

Since, chemotherapeutic agents may alter the expression
levels of the genes during the course of chemotherapy and
thereby may determine tumor sensitivity or resistance [42],
the next analysis was done to compare expression levels of
each gene before chemotherapy with expression levels after
chemotherapy among responders and non-responders to
detect possible therapy induced changes. The present study
showed a significant increase in expression levels of EGFR
and MDR1 during therapy in both responders (P = 0.026,
P = <0.001) and non-responders (P = 0.055, P = 0.001).
High expression of EGFR has been reported in a variety of
epithelial tumors [43], whereas the overexpression of
MDRI1 gene is known to result in drug resistance in cancer
cells. There are many proposed mechanisms, including
gene amplification, which may change the expression level
of a particular gene. Based on this observation, one can
speculate that pre-therapeutic expression of these genes
may have an impact on expression changes during therapy
but not on drug response. Sequential assessment during
chemotherapy of MDR1 mRNA levels in 73 breast carci-
noma patients enabled prediction of clinical response to
adriyamicin/doxorubicin [44]. Others, however, have found
no such association or suggest that MDR1 expression is
merely a measurement of advanced disease rather than an
indicator of chemotherapy resistance [45, 46].

In contrast, the mRNA expression of AR in responders
got reduced after neoadjuvant chemotherapy, and the dif-
ference was statistically significant (P = 0.008), whereas
in non-responders, a significant up-regulation of AR
expression was observed (P = 0.033).

The reason for reduction in AR mRNA expression in
tumors among responders after neoadjuvant chemotherapy
could be important cellular processes, e.g., DNA repair and
apoptosis, which often occur within up to 48 h after che-
motherapy exposure [47-50].
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The down-regulation of ERBB2 expression from pre- to
post-NACT in responders was also found significant
(P = 0.041). In pre-NACT condition, the expression of
ERBB2 gene was found higher in responders when com-
pared with non-responders, whereas it was vice versa in
case of post-NACT condition. However, ERBB2 or HER-2
oncogene is overexpressed in approximately 30% of human
breast cancer specimens and is associated with a poor
outcome in many studies [51, 52]. Recent data suggest that
ERBB2 amplification and overexpression are associated
with improved outcome after doxorubicin-based therapy
(CAF) as compared with alkylator-based therapy [CMF
and PF] [53, 54]. This has led to the speculation that
ERBB?2 confers sensitivity to doxorubicin and resistance to
alkylating agents. According to a previously published
report, in vitro data have shown that activation of the
ERBB2, ERBB3, and ERBB4 receptors is associated with
an increase in the DNA-modifying enzyme, topo Ila, which
is accompanied by increased sensitivity to doxorubicin but
resistance to an alkylator, cisplatin [55]. However, this
finding needs validation in larger sample size.

Applying correlation matrix, a significant correlation was
observed between ERBB3 and AR among non-responders in
pre-NACT form (0.749) (P = <0.01). In non-responders,
the expression of both appears to be up-regulated after
neoadjuvant chemotherapy. Comparatively, lower expres-
sion of ERBB3 in pre-NACT condition may down-regulate
the expression of AR in non-responders. ERBB3 has been
reported to interact with ERBB3-binding protein 1 (Ebpl), a
protein that interacts with the androgen receptor (AR) and
suppresses AR-mediated gene transcription [56]. The
ERBB2/ERBB3 pathway regulates AR by stabilizing AR
protein levels and optimizing binding of AR to promoter/
enhancer regions of androgen-regulated genes [57].

In conclusion, responders show significantly high levels
of AR gene expression under pre-NACT condition which
reduces following NACT, and this may be useful for the
prediction of the success of neoadjuvant chemotherapy in
individual cancer patients with locally advanced breast car-
cinoma. In pre-NACT condition, the expression of ERBB2
gene was found higher in responders compared with non-
responders, suggesting its association with improved out-
come after doxorubicin-based therapy. In other genes like
EGFR and MDRI, the expression level increased signifi-
cantly in both responders and non-responders after NACT
and hence refute their predictive role for response. The major
limitation of the present study is small sample size due to
unavailability of paired tissue samples in few cases, but at the
same time, the study might have a substantial role in finding a
suitable predictive marker that can envisage the response to
neoadjuvant chemotherapy for patients with locally
advanced breast cancer.
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