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Endocrine resistance is a significant problem in breast cancer treatment. Thus identification and validation of novel resistance
determinants is important to improve treatment efficacy and patient outcome. In our work, AGR2 expression was determined by
qRT-PCR in Tru-Cut needle biopsies from tamoxifen-treated postmenopausal breast cancer patients. Our results showed inversed
association of AGR2 mRNA levels with primary treatment response (𝑃 = 0.0011) and progression-free survival (𝑃 = 0.0366)
in 61 ER-positive breast carcinomas. As shown by our experimental and clinical evaluations, elevated AGR2 expression predicts
decreased efficacy of tamoxifen treatment. From this perspective, AGR2 is a potential predictive biomarker enabling selection of
an optimal algorithm for adjuvant hormonal therapy in postmenopausal ER-positive breast cancer patients.

1. Introduction

Breast cancer is the most commonwomen’s malignancy, with
growing incidence primarily in advanced countries. Despite
improvements in treatment, 30–40%ofwomen are diagnosed
with metastatic cancer or develop metastases and die from
their disease [1]. The most important group of breast cancers
is hormone sensitive tumors, characterized by expression of
estrogen and progesterone receptors (ER and PgR). These
tumors encompass approximately 70% of all breast cancers
and are significantly clinicopathologically different from ER-
negative tumors. Thus, determination of ER status is an
essential part of the diagnostic procedure in breast cancer
patients. The presence of ER and PgR indicates response
to endocrine therapy and improved disease-free survival
[2, 3]. The treatment of choice represents tamoxifen, which
has been used for systemic treatment for all stages of ER-
positive breast cancer during the past 30 years. Despite the
undeniable benefit, approximately one third of patients with
ER-positive breast cancer either do not respond to tamoxifen
or develop resistance, which constitutes a serious clinical
problem. Thus, identification of novel, reliable, and easily

identifiable biomarkers indicating resistance to this drug is
of general interest.

Recent findings suggest that AGR2 plays a prominent
role in mediating pro-oncogenic signals of ER, and there is
a correlation between increased AGR2 expression and poor
outcome of therapy in patients with ER𝛼-positive breast
cancers [4, 5]. Historically, AGR2 mRNA was discovered as
selectively expressed in ER-positive breast cancer cell lines
[6]. AGR2 has been functionally characterized and shown
to act as an inhibitor of the tumor suppressor p53 [7] and
a mediator of metastatic spread in rodent models [8]. Data
from Wang et al. have shown that AGR2 can also transform
cells and mediate cell migration [9]. In our previous work,
we found that AGR2 mediates a prosurvival pathway in
human breast cancer cells and is involved in pro-oncogenic
signals of ER. More strikingly, AGR2 expression was elevated
both in vitro and in vivo in response to tamoxifen adjuvant
therapy, indicating that AGR2 mediates an agonist effect of
this drug [4, 10]. Although the mode of action of AGR2 after
tamoxifen treatment remains to be defined, we hypothesized
that AGR2 may significantly affect the development and
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progression of hormone sensitive breast tumors and response
to anti-hormonal treatment.

2. Material and Methods

2.1. Clinical Samples and Processing. Our retrospective study
includes 61 Tru-Cut needle biopsies from ER-positive inva-
sive breast carcinomas of postmenopausal patients who
received tamoxifen as primary treatment at the Masaryk
Memorial Cancer Institute (MMCI) during the period 2000–
2004. These patients due to advanced age (median 79 years)
or comorbidities could not take any other primary treatment
for their disease. More than half of the patients had locally
advanced disease, which on one hand facilitated the assess-
ment of treatment response; on the other hand, complications
associated with advanced tumor resulted in the addition of
local radiotherapy in 15 patients and a surgical solution in
1 patient. Detailed characteristics of the patients are given
in Table 1. Biopsies were fixed in 10% formalin, embedded
in paraffin wax, and stained with hematoxylin/eosin for
histological examination. Clinical data including response
to therapy were evaluated by oncologist from the hospital’s
patient records. The study was approved by the local Ethical
Commission and informed consent was obtained from each
patient.

2.2. Treatment Evaluation. The best response recorded dur-
ing the primary treatment was used for response analyses.
Patients who achieved complete or partial response (reduc-
tion of disease by 30% or more) or had long-lasting disease
stabilization (stable disease for at least 33 months; median
of PFS) were classified as responders. Patients who never
responded to primary treatment or achieved stable disease for
less than 12 months were classified as nonresponders. Tumor
response to tamoxifen treatment was evaluated using mam-
mography or ultrasound. Patients whose general health status
or disease state (e.g., extensive T4 tumors) did not allow these
tests were examined using caliper and palpation of regional
lymph nodes. Progression-free survival (PFS) was measured
from the first day of tamoxifen therapy until progression or
death from any cause occurred. Patients who were alive and
who had not experienced disease progression, or who were
lost to follow up, were censored at the date that they were last
known to be alive and progression-free. Overall survival (OS)
wasmeasured from the date of diagnosis until death from any
cause. Patients who have not died or who were lost to follow-
up were censored when they were last known to be alive.

2.3. Reverse Transcription and Quantitative PCR. Under the
supervision of an experienced pathologist, corresponding
samples of tumor tissue were collected and used for extrac-
tion of total cellular RNA by TRI Reagent (MRC, Cincinnati,
OH, USA). cDNA synthesis was carried out using the M-
MLV reverse transcriptase (Invitrogen, Carlsbad, CA, USA).
Triplicate samples were subjected to quantitative PCR analy-
sis using TaqMan for 18S rRNA (Applied Biosystems, Foster
City, CA, USA) and SYBR Green (Sigma-Aldrich, St Louis,
MO, USA) for AGR2 and GAPDH. The primer pairs used

Table 1: Characteristics of patients.

Total (𝑛 = 61) %
Age (years)

Median (range) 79 (62–93)
Age >70 54 89

Performance status
Karnofsky index ≤70% 32 52

Histology
Invasive ductal 52 85
Invasive lobular 9 15

Clinical stage
I 2 3
II 22 36
III 27 44
IV 10 17
T4 tumors 33 54
N+ 48 79

Primary treatment
Hormonal therapy 61 100

Tamoxifen only 54 89
Tamoxifen switched to Al∗ 7 11

Radiation therapy 15 25
Surgery 1 2

Initial response to primary treatment
Responders∗∗ 48 79

Complete response (CR) 6 10
Partial response (PR) 39 64
Stable disease (SD) 3 5

Nonresponders∗∗∗ 13 21
Progressive disease (PD) 9 15
Stable disease (SD) 4 6

Annotations. ∗Switch of the tamoxifen to an aromatase inhibitor was carried
out due to tamoxifen’s side effects (mostly endometrial hyperplasia). All
seven patients achieved partial remission in the course of tamoxifen therapy.
∗∗Patients who achieved complete or partial (reduction of disease by 30% or
more) remission or had long-lasting disease stabilization (stable disease for
at least 33 months; median of PFS).
∗∗∗Patients who never responded to primary treatment or achieved stable
disease for less than 12 months during the period of primary treatment.

for AGR2 were as follows: forward: 5-GGAGCTCTATAT-
AAATCCAAGACAAGCA-3 and reverse: 5-GCCAAT-
TTCTGGATTTCTTTATTTTC-3, and the primer pairs for
GAPDH were as follows: forward: 5-GAAGGTGAAGGT-
CGGAGTC-3 and reverse: 5-GAAGATGGTGATGGG-
ATTTC-3. PCR reactionwas performed using default condi-
tions: initial denaturation 95∘C, then 40 cycles 95∘C 15 sec and
60∘C 1min. To obtain absolute quantitation, dilution series of
plasmids pDEST12.2 with cloned respective sequences were
used in range from 2 to 20 million of copies to receive
standard curves. Two different housekeeping genes 18S rRNA
and GAPDH were used, to confirm experimental setup and
homogeneity of biopsy samples. The results obtained in both
cases were fully comparable.
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2.4. Immunohistochemical Staining. Immunohistochemical
(IHC) stainingwas performedon4𝜇mthick freshly cut tissue
sections. Sections were deparaffinized in xylene and rehy-
drated into PBS through a graded ethanol series. Endogenous
peroxidase activity was quenched in 3% hydrogen peroxide
in PBS for 15 minutes. Antigen retrieval was performed in
citrate buffer pH 6 in 94∘C for 20 minutes. The sections were
incubated overnight at 4∘C with either anti-AGR2 antibody
(HPA007912, Sigma-Aldrich, St. Louis, MO, USA) or SP1
antibody against ER or SP2 antibody against progesterone
receptor (both Lab Vision and NeoMarkers, Fremont, CA,
USA). A streptavidin-biotin peroxidase detection systemwas
used according to the manufacturer’s instructions (Vectas-
tain Ellite ABC Kit, Vector Laboratories, Burlingame, CA,
USA). Signal was visualized by 3,3-diaminobenzidine (Liq-
uid DAB+ Substrate Chromogen System, Dako, Glostrup,
Denmark). Tissue sections of small intestine and lymph node
served as external positive and negative controls for AGR2.

2.5. Statistical Analysis. Fisher’s exact test was used to derive
𝑃 values from the 2 × 2 contingency tables. Survival analyses
were performed by Kaplan-Meier method, and the differ-
ences between the survival curves were evaluated by the log-
rank test to determine statistical significance levels. In all
cases, a 𝑃 value less than 0.05 was considered significant.
The MedCalc Version 9.3.9.0 (MedCalc Software, Ostend,
Belgium) was used for all calculations.

3. Results

The study included 61 postmenopausal ER-positive breast
cancer patients receiving tamoxifen in first line of therapy. In
particular, therewere patientswho could not undergo surgery
due to their advanced age on date of diagnosis ranging from
62 to 93 years with median age 79 and average age 78.2 years
or comorbidities (more than 52% of patients had the Karnof-
sky index 70% or less). More than half of the cases showed
significantly locally advanced disease (54% T4 tumors, 79%
had proven involvement of regional lymph nodes), which
facilitated the evaluation of response to treatment. Systemic
hormonal treatment by tamoxifen was accompanied by
radiotherapy in 15 patients and mastectomy in 1 patient
due to assessment of local tumor extent. Breast cancer was
diagnosed in a fourth clinical stage in 10 patients; however,
seven of them showed bone involvement only. In total, 48
patients (79%) were classified as “responders” who benefited
from tamoxifen; most frequently partial regression of disease
was detected. The remaining 13 patients (21%) did not
respond to treatment and were classified as “nonresponders”.
Detailed characteristics of the patients are given in Table 1.

AGR2 mRNA expression showed an exponential distri-
bution (𝑃 < 0.01; Kolmogorov-Smirnov test) within the
studied group of patients. Thus AGR2 mRNA expression
was defined according to the median, where tumors with
levels below the median were classified as the low expression
group, and tumors with expression above the median were
classified as high expression. There is an inverse relationship
between AGR2 mRNA expression and response to tamox-
ifen (𝑃 = 0.0011; Fisher’s exact test) (Figure 1). In parallel,
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Figure 1: Numbers of postmenopausal breast cancer patients who
responded or did not respond to primary tamoxifen treatment in
relation to AGR2 expression.

immunohistochemical staining was used to determine AGR2
expression on protein level (Figure 2). IHC staining con-
firmed AGR2 expression in all tested samples. IHC score was
calculated as the sum of the percentage of cells with weak,
moderate, and strong staining with a range from 0 to 300.
This scoring system has been used as it takes into account
both extent of reactivity and intensity [11, 12]. Due to IHC
score data distribution, ROC analysis was used to determine
cut-off level for “low” and “high” AGR2 levels. Nevertheless,
no significant association with treatment response was found
(𝑃 = 0.3183; Fisher’s exact test).

Disease progression was observed in 36 patients during
or after primary treatment. Second line of therapy with
aromatase inhibitors was applied in 33 of these patients.
Median progression-free survival (PFS) reached 33.5 months
and overall survival (OS) 52.3 months in the whole cohort of
patients. Patients with low AGR2 mRNA expression showed
significantly longer PFS compared to cases with elevated
AGR2 expression (HR 0.57; 95% CI: 0.31 to 0.96; 𝑃 =
0.0366; Figure 3(a)). Although there was a similar trend
between AGR2 mRNA expression and OS, the data were
not statistically significant (HR 0.69; 95% CI: 0.38–1.18; 𝑃 =
0.1655). As expected, neither PFS (HR 1.34; 95% CI: 0.69 to
2.75; 𝑃 = 0.3569; Figure 3(b)) nor OS (HR 1.31; 95% CI: 0.68
to 2.66; 𝑃 = 0.3985) did correlate significantly with the level
of AGR2 determined by IHC.

4. Discussion

Tamoxifen resistance in breast cancer patients represents
the main problem limiting treatment efficacy. We previously
showed in consecutive group of ER-positive breast carcino-
mas that elevated levels of AGR2 mRNA predict significantly
shorter disease free survival [4].Nevertheless, the direct effect
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Figure 2: Illustration of immunohistochemical detection of AGR2 protein in Tru-Cut needle biopsies. (a) IHC score 80, (b) IHC score 100,
(c) IHC score 180, and (d) IHC score 220. As cut-off level determined by ROC analysis was 110, samples (a) and (b) were classified in group
denoted as “low” and AGR2 expression and samples (c) and (d) were included in group denoted as “high” AGR2 expression.
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Figure 3: Progression-free survival of patients with low or high AGR2 tumor expression is determined using Kaplan-Meier curves. (a)
Determination of PFS with respect to AGR2 mRNA levels. There were 4 censored observations in survival curve for low AGR2 mRNA
expression and 2 censored observations in survival curve for high AGR2 mRNA level. (b) Determination of PFS with respect to AGR2 IHC
staining. There were no censored observations in survival curve for low AGR2 IHC level and 6 censored observations in survival curve for
high AGR2 IHC level. Hazard ratio (HR) with 95% CI as well as 𝑃 value calculated using log-rank test is provided for both curves.
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of AGR2 overexpression on the sensitivity to treatment with
tamoxifen needs more precise characterization. Thus, in the
present work, we have investigated the expression of AGR2 in
a cohort of inoperable postmenopausal breast cancer patients
with respect to response to tamoxifen treatment.

We confirmed that breast cancer patients with low AGR2
mRNA expression more readily respond to primary treat-
ment by tamoxifen compared with tumors exhibiting AGR2
overexpression (Figure 1). These data are supported by deter-
mination of PFS showingmore favorable outcome in patients
with decreased AGR2 mRNA levels, which underscores the
importance of AGR2 as a predictive biomarker. On the other
hand, statistical analysis of OS proved to be insignificant,
although survival curves showed similar tendencies as PFS,
which may be due to (i) old age associated with increased
mortality not only due to cancer and/or (ii) the effect of
second or next line of endocrine therapy using aromatase
inhibitors in progressing patients.

Although the correlation between AGR2mRNA and pro-
tein levels has been demonstrated by previous studies [4, 5],
IHC staining in our cohort of patients did not show statistical
association betweenAGR2 protein level and response to tam-
oxifen treatment due to semiquantitative character of the IHC
staining.This is also supported by the fact that in comparison
with AGR2 mRNA levels, where cut-off levels determined by
median and ROC analysis were more and less the same, ROC
analysis for IHC staining calculated significantly different
cut-off compared to median. It is important to take into
account that our cohort of sample biopsies consists of ER-
positive breast carcinomas only, which show elevated AGR2
levels. IHC staining sensitivity seems to be insufficient to
distinguish modest differences in AGR2 levels in our group
of tumor samples. This is in fact supported by examples of
IHC staining in Figure 2 showing very similar levels of AGR2
in more than half of all samples (IHC score: 80–220) within
both groups divided according to AGR2 at “low” and “high”.
On the other hand, we positively confirmed association of
ER with AGR2 expression on both mRNA and protein levels
in vivo since AGR2 was detected in all analyzed samples.
In particular, we have shown that the increased expression
of AGR2 detectable on mRNA level may reflect increased
transcriptional activity of ER linked to tamoxifen agonistic
effect predicting worse response to tamoxifen treatment [13].

Although ER expression itself is the main predictor of
response to endocrine therapy, crosstalk between ER and
other signaling pathways involved in regulation of cellular
growth, survival, stress, and cytokine levels has been mech-
anistically described in resistance to endocrine agents. The
clinical relevance of ER crosstalk with growth factor signaling
pathways was confirmed by prospective trials in patients
with metastatic disease, showing that tamoxifen resistance is
associated with high expression of receptor tyrosine kinases
HER2 and EGFR [14]. Interestingly, recent reports indicate
that AGR2 is involved in the crosstalk between ER and EGFR
[15] or PI3K/AKT [16] resulting in endocrine resistance,
providing a potential mechanistic basis for our observations.

The identification of novel predictive biomarkers is essen-
tial for personalized endocrine therapies. Our data indicate
that AGR2 may serve as one such biomarker with decreased

AGR2 mRNA levels identifying a subset of postmenopausal
breast cancer patients who respond and have clearly benefit
from tamoxifen-based therapy. On the other hand, our data
suggest that high AGR2 mRNA levels may predict a subset
of postmenopausal breast cancer patients that are less likely
to show adequate tumor growth control following tamoxifen
therapy and for whom other options may therefore be more
appropriate.
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