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Joanna Obacz' Abstract: Anterior gradient protein (AGR) 3 is a highly related homologue of pro-oncogenic
Veronika Bryc htova' AGR2 and belongs to the family of protein disulfide isomerases. Although AGR3 was found
Jan Podhorec! in breast, ovary, prostate, and liver cancer, it remains of yet poorly defined function in tumo-
Pavel Fabian? rigenesis. This study aimed to determine AGR3 expression in a cohort of 129 primary breast
Petr Dobes! carcinomas and evaluate the clinical and prognostic significance of AGR3 in these tumors.

Borivoj Vojtesek' The immunohistochemical analysis revealed the presence of AGR3 staining to varying

Roman Hrstka' degrees in 80% of analyzed specimens. The percentage of AGR3-positive cells significantly

correlated with estrogen receptor, progesterone receptor (both £<<0.0001) as well as low
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2Department of Pagt);“(ﬂog),, Masa)ryk (P<<0.0001). In the whole cohort, AGR3 expression was associated with longer progression-

histological grade (P=0.003), and inversely correlated with the level of Ki-67 expression

Memorial Cancer Institute, Brno, free survival (PFS), whereas AGR3-positive subgroup of low-histological grade tumors showed
Czech Republic both significantly longer PFS and overall survival. In conclusion, AGR3 is associated with the
level of differentiation, slowly proliferating tumors, and more favorable prognosis of breast
cancer patients.
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Introduction
Breast cancer is the most common female malignancy and a leading cause of deaths
among women worldwide. Only in 2012, in Europe, roughly 464,000 new incidences
were registered, and 131,000 women died from breast cancer.! Despite intensive
research on various diagnostic and/or prognostic markers, thorough understanding
of factors affecting breast cancer patients’ outcome remains of great importance. In
recent years, an increasing number of reports have linked anterior gradient protein
(AGR) 2 with many aspects of breast tumor biology. AGR2 is a human homologue
of Xenopus laevis-secreted protein XAG-2 and belongs to an evolutionary broad
family with prominent role in developmental processes and regeneration of body
appendages.>® There are three subfamilies of AGRs: AGR1, AGR2, and AGR3, all
showing the highest homology to non-secreted protein disulfide isomerase (PDI) of
the TLP19 subfamily.? PDIs are involved in proper folding and maturation of newly
synthesized proteins and the regulation of endoplasmic reticulum homeostasis.*
Following the first characterization of AGR2 in the estrogen receptor (ER)-
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in response to estradiol treatment both in vitro® and in vivo,® and its high expres-

submit your manuscript OncoTargets and Therapy 2015:8 1523-1532 1523
Dove: © 2015 Obacz et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)
Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further

heep: permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S82235
mailto:hrstka@mou.cz

Obacz et al

Dove

cancers®’ as well as resistance to tamoxifen.!® Moreover,
chromatin immunoprecipitation (ChIP) confirmed direct
AGR?2 regulation by ER.!*"? In normal mammary gland,
AGR?2 induces cell proliferation and differentiation as
shown in the mouse models,'> whereas in breast tumors,
it promotes cell progression and survival through, among
others, ER, cyclin DI, c-Myc, and survivin signaling
pathways.'* Furthermore, when introduced into benign rat
mammary epithelial cell line, AGR2 was found to contribute
to metastasis development.'’

Closely related AGR2 homologue, AGR3,” has also been
identified in breast cancer cell lines using proteomics screen
as one of the membrane-associated proteins.'® Although both
molecules share 71% sequence identity and lie adjacent to
one another at chromosomal position 7p21,”'” AGR2, but
not AGR3, is a dominant factor identified in many OMICS
screens. Thus, to date, only few reports describing AGR3
expression in various tumors were published, and there are
limiting amount of data depicting AGR3 prognostic rele-
vance in these malignancies. It has been shown that AGR3
is strongly expressed in breast carcinomas when compared
to healthy tissues'® and that its expression correlates with ER
status in breast tumors.” In another study, single ER-binding
site on AGR3 promoter has been found using ChIP-Seq
approach.'? Our group has recently demonstrated that intra-
hepatic cholangiocarcinomas (ICCs) express AGR3 protein,
while hepatocellular carcinomas are predominantly AGR3
negative. Furthermore, we postulated that together with acid
mucopolysaccharides, AGR3 could serve as a diagnostic
marker of well-differentiated ICCs."® It has also been shown
that AGR3 is overexpressed in different histological types
of ovarian cancers. In non-mucinous types (including serous
papillary, endometrioid, and clear cell), AGR3 expression
was found to be ER independent and uncoupled with AGR2
expression, whereas in mucinous ovarian cancers, both
AGR2 and AGR3 showed cognate expression patterns.'
In serous type, AGR3 staining correlated with the level of dif-
ferentiation and was associated with longer patient survival.?
Additionally, AGR3 was found to be androgen-regulated
gene,”'*? expression of which was highly elevated in human
prostate cancer.?! The aim of this study is to examine the
significance between AGR3 expression, clinicopathologi-
cal characteristics, and patient outcome in primary breast
carcinomas.

Materials and methods

Study group and tissue specimens
The study group consisted of 129 patients undergoing sur-
gical procedure for primary breast cancer at the Masaryk

Memorial Cancer Institute (MMCI) between 2003 and 2006.
Patient age at the time of diagnosis ranged from 29 years
to 84 years (median 57 years). The clinical, histological,
and molecular characteristics of the analyzed set of tumors
are summarized in Table 1. Histological typing of tumors
was carried out according to the criteria of World Health
Organization.” Tumor stage was determined according to
the guidelines of the Union for International Cancer Control
(UICC).* Tumor grade was established according to Bloom
and Richardson in the modification of Elston and Ellis.® ER,
progesterone receptor (PR), human epidermal growth factor
receptor 2 (Her2/neu), and Ki-67 statuses were extracted from
pathological records obtained from the MMCI database. For
the evaluation of AGR3 prognostic relevance without regard
to ER status, additional ER-negative group of 90 breast

Table | Clinicopathological characteristics of primary breast car-

cinomas
Variable® Group NP %°
Histology Ductal 95 73.6
Lobular 18 14
Other 9 7
NA 7 5.4
Histological grade Gl 27 20.9
G2 43 334
G3 56 434
NA 3 23
Tumor size pT, 44 34.1
pT, 65 50.3
pT, 6 4.7
pT, 9 7
NA 5 3.9
Nodal status Negative 45 349
Positive 73 56.6
NA Il 85
ER status Negative 29 22.5
Positive 100 77.5
NA 0 0
PR status Negative 34 26.4
Positive 94 72.8
NA | 0.8
Her2/neu status Negative 92 71.3
Positive 36 27.9
NA | 0.8
Ki-67¢ <15% 55 42.6
=15% 6l 47.3
NA 13 10.1
AGR3 expression | 25 19.4
2 25 19.4
3 79 61.2

Notes: *Defined in the “Materials and methods” section. "Number of patients.
“Percentage of total patients, out of a total of 129. ‘Cut-off for Ki-67 was used
according to St Gallen Consensus in 2009. AGR3 expression: | — negative/border,
2 — weakly/moderately positive, and 3 — strongly positive.

Abbreviations: NA, notavailable; ER, estrogen receptor; PR, progesterone receptor;
Her2/neu, human epidermal growth factor receptor 2; AGR3, anterior gradient
protein 3.
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cancer patients treated at MMCI between 1995 and 2006
were included for survival analysis. Informed consent has
been obtained from all patients involved in this study. The
study was approved by ethical committee of MMCI, and the
data used were anonymized and were handled according to
Czech Republic existing legislation.

Immunohistochemistry

Tumor samples were fixed in 10% neutral buffered formalin
for 24 hours and then embedded in paraffin wax. Immuno-
histochemical analysis was performed on 4 wm thick sections
cut from formalin-fixed, paraffin-embedded archival tissue
blocks, mounted on slides, deparaffinized in xylene, and rehy-
drated in phosphate-buffered saline through a graded ethanol
series. Endogenous peroxidase activity was quenched in 3%
hydrogen peroxide in phosphate-buffered saline for 15 min-
utes. Antigen retrieval was performed in citrate buffer pH 6
at 94°C for 20 minutes. For AGR3 immunodetection, the sec-
tions were incubated overnight at 4°C with mouse monoclonal
antibody to AGR3 (clone 1, in house)." A streptavidin—biotin
peroxidase detection system was used according to the manu-
facturer’s protocol (Vectastain Elite ABC Kit; Vector Labo-
ratories, Burlingame, CA, USA). Signal was visualized by
3,3’-diaminobenzidine (Liquid DAB+ Substrate Chromogen
System; Dako Denmark A/S, Glostrup, Denmark). Nuclear
counterstaining was performed with Gill’s hematoxylin. For
immunohistochemical evaluation, three conventional catego-
ries according to the number of positive cells were assessed:
1 — negative/border (0%—5% of positive cells); 2 — weakly/
moderately positive (5%—50% of positive cells); 3 — strongly
positive (more than 50% of positive cells).?

Reverse transcription and quantitative
PCR

Under the supervision of a pathologist, correspond-
ing samples of tumor tissue were collected and used for
extraction of total cellular RNA by TRI Reagent (MRC,
Cincinnati, OH, USA). cDNA synthesis was carried out
using the M-MLYV reverse transcriptase (Thermo Fisher
Scientific, Waltham, MA, USA). Triplicate samples were
subjected to quantitative polymerase chain reaction (PCR)
analysis using SYBR Green (Sigma-Aldrich, St Louis, MO,
USA) for AGR2 and AGR3. The primer pairs used were
as follows: for AGR2 — forward: 5-GGAGCTCTATAT
AAATCCAAGACAAGCA-3’ and reverse: 5-GCCAAT
TTCTGGATTTCTTTATTTTC-3"; for AGR3 — forward:
5’-GCCTAGAATCATGTTTGTAGACC-3’ and reverse:
5-GCTTTCTTCATGTTTTCTATCAAT-3’. PCR was
performed using default conditions: initial denaturation at

95°C, and then 40 cycles at 95°C for 15 seconds and at 60°C
for 1 minute. To obtain absolute quantification, dilution series
of plasmids pDEST12.2 with cloned respective sequences
were used in range from 20 to 2 millions of copies to generate
standard curves. For data normalization, 18S rRNA levels
were determined using TaqMan assay for 18S rRNA (Thermo
Fisher Scientific, Waltham, MA, USA).

Statistical analysis

All statistical analyses were performed using STATISTICA
Version 12 (StatSoft, Inc., Tulsa, OK, USA) and IBM SPSS
Statistics 20.0. Fisher’s exact test and Pearson’s chi-squared
test were applied to assess the associations of immuno-
histochemical staining for AGR3 with clinicopathological
variables. Progression-free survival (PFS) was defined as the
time from the date of surgery to the date of death or relapse of
disease. Overall survival (OS) was defined as the time from
surgery to death or last record. Patients who had not died or
who were lost to follow-up were censored when they were last
known to be alive. Differences between survival curves were
assessed with the Breslow test. Unadjusted hazard ratios (HRs)
195% confidence intervals (Cls) were obtained using Cox’s
multivariate analysis with backward selection. Differences at
P=0.05 were considered to be statistically significant.

Results
Association of AGR3 expression

with other tumor variables

Due to the high homology between AGR2 and AGR3, protein
specificity of the anti-AGR3 antibody was tested (Figure S1).
The analyzed cohort composed of 95 (73.6%) tumors classi-
fied as ductal breast carcinomas, 18 (14%) as lobular type,
and remaining 16 (12.4%) specimens were either of differ-
ent or unknown origin. The remaining clinicopathological
characteristics of the study group and their distributions are
summarized in Table 1. Staining of primary breast carcino-
mas for AGR3 varied from tumor to tumor and was mainly
cytoplasmic. Overall, of the 129 cases, 25 (19.4%) were
classified as negative or borderline stained for AGR3 (<5%
of positive cells), and the remaining 104 (80.6%) showed
AGR3 positivity to different degrees (from weak to strong)
(Figure 1). Immunohistochemical staining for AGR3 was
then cross-tabulated with selected tumor features including
histological type, tumor size, nodal status, histological grade,
ER, PR, and Her2/neu status, and Ki-67 expression level.
AGR3 positivity was significantly correlated with ductal type
and slowly proliferating tumors as measured by expression
level of Ki-67 marker (P<<0.0001) as well as lower tumor
grade (P<<0.0001). Moreover, the degree of staining for
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Figure | Immunohistochemical staining for AGR3.

Notes: The level of AGR3 expression in primary breast carcinomas was determined by immunostaining in 3-point scale: (A) negative or border; (B) weak to moderate; and
(C) strong. Scale bars represent a length of 100 um.

Abbreviation: AGR3, anterior gradient protein 3.

AGR3 was significantly associated with that for the ER AGR3 expression determined by immunohistoche-
(P<<0.0001) and PR (P<<0.0001). There was no significant — mistry was also compared with AGR3 mRNA levels and
correlation between AGR3 positivity and tumor size, nodal  evaluated in relation to other clinicopathological variables.
status, or Her2/neu status (Table 2). Interestingly, except Ki-67, whose elevated expression was

Table 2 Association of immunohistochemical staining for AGR3 with other tumor variables

Variable N (%)* Statistical
Patients AGR3 negative/border AGR3 weak/moderate AGRS3 strong significance

Histological grade
Gl 27 3(11.1) 4(14.8) 20 (74.1) <0.0001°
G2 43 3(7) 7 (16.3) 33(76.7)
G3 56 18 (32.1) 14 (25) 24 (42.9)

Tumor size
pT, 44 8(18.2) 9 (20.4) 27 (61.4) 0.664°
pT, 65 11 (16.9) I (16.9) 43 (66.2)
pT, +pT, 6 5(33.3) 2 (133) 8 (53.3)

Nodal status
Negative 45 10 (22.2) 10 (22.2) 25 (55.6) 0.332¢
Positive 73 13(17.8) 10 (13.7) 50 (68.5)

ER status
Negative 29 20 (69) 8 (27.6) I 34) <0.0001°
Positive 100 5(5) 17 (17) 78 (78)

PR status
Negative 34 19 (55.9) 9 (26.5) 6 (17.6) <0.0001°¢
Positive 94 6 (6.4) 16 (17) 72 (76.6)

Her2/neu status
Negative 92 18 (19.6) 15 (16.3) 59 (64.1) 0.318¢
Positive 36 7(194) 10 (27.8) 19 (52.8)

Ki-67
<I15% 55 6 (10.9) 9 (16.4) 40 (72.7) <0.0001°¢
=15% 6l 14 (23.0) 14 (23.0) 33 (54.0)

Notes: *Number (percentage) of patients with tumors characterized by negative/border, weak/moderate, or strong expression of AGR3. "Probability, P, from Fisher’s exact
test with the Freeman—Halton extension. “Probability, P, from Pearson’s chi-squared test.
Abbreviations: AGR3, anterior gradient protein 3; ER, estrogen receptor; PR, progesterone receptor; Her2/neu, human epidermal growth factor receptor 2.
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associated predominantly with negative or weak AGR3
expression (Table 2), we found similar trends for AGR3 on
both protein and mRNA level in relation to other clinico-
pathological parameters (Tables 2 and S1).

We also examined AGR2 mRNA levels under the same
parameters and found almost similar association between
AGR?2 gene expression and clinicopathological variables as
seen for AGR3 (Table S1). In line with these observations,
we also confirmed a strong correlation between AGR2 and
AGR3 mRNA levels (P<<0.0001, R=0.6327) according to
Spearman Rank Order correlation. On the other hand, we
also observed several statistically significant differences
in the association between AGR2 expression and clinico-
pathological variables with respect to AGR3 indicating that
the expression of these genes is similar but not identical.
The evaluation of AGR2 and AGR3 mRNA levels revealed
only marginal correlation of AGR2 mRNA levels with ER
(P=0.083) in comparison with AGR3 and ER (P<0.001).
In accordance with immunohistochemical staining (P=0.003),
determination of AGR3 transcription levels showed signifi-
cant association (P=0.037) with grade as well. Conversely,
determination of AGR2 mRNA levels did not show this trend
(P=0.166; Table S1).

Association of AGR3 with patient survival
For the survival analysis, follow-up was determined for
10 years since surgical removal. Median PFS was 92 months
(range 1-120), and median OS was 103 months (range
1-120). As there was almost no difference in survival curves
between negative/border and weak/moderate subgroups

>

Progression-free survival

0.4

20 40 60 80 100 120
Follow-up (months)

(data not shown), for further statistical analyses, the above
subgroups were combined (further denoted as AGR3 “low”)
and were compared with patients whose tumors showed
strong AGR3 positivity (more than 50% of stained cells,
denoted as AGR3 “high”). While OS was not significantly
affected by AGR3 expression, despite the fact that Kaplan—
Meier curves indicated some trend in favor of increased
AGR3 expression (P=0.111), these patients had significantly
longer PFS (P=0.037) (Figure 2).

Association of AGR3 and other tumor

variables with patient survival

As expected, patients with larger tumor size, higher histologi-
cal grade, positive nodal status, and positive Her2/neu status
had significantly poorer prognosis at 10 years of follow-up
(Table S2). For multivariate survival analysis, the follow-
ing clinicopathological parameters were included in Cox’s
model with backward selection: histological type, tumor
grade, tumor size, nodal status, and ER, PR, Her2/neu, and
AGR3 status. As aresult, tumor size and Her2/neu status were
found to be independent prognostic factors for PFS, whereas
tumor size and grade reached statistical significance for OS
time in the studied cohort (Table 3). The remaining clinical
and histological characteristics, including AGR3, failed
statistical significance and were removed from the analysis
during the selection process. When further pairwised with
other variables (Table S3), AGR3 positivity was associated
with better outcome in the subgroup of patients with tumors
defined by smaller histological grade (G=2; OS: P=0.005;
PFS: P=0.024) but not by higher histological grade (G>2;

B

Overall survival

0 20 40 60 80 100 120
Follow-up (months)

| — AGR3 “high” ---- AGR3 “low” |

Figure 2 Association of immunohistochemical staining for AGR3 with patient survival.

Notes: (A) Determination of progression-free survival by Kaplan—Meier analysis in patients with “high” AGR3 expression (more than 50% of positive cells) and patients with
“low” AGR3 expression (less than 50% of positive cells) using Breslow test (P=0.037). (B) Determination of overall survival by Kaplan—-Meier analysis in patients with “high”
AGR3 expression and patients with “low” AGR3 expression using Breslow test (P=0.111).

Abbreviation: AGR3, anterior gradient protein 3.
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Table 3 Independent prognostic factors for the analyzed set of
tumors according to Cox’s multivariate survival analysis

Variable HR 95% ClI Statistical
significance

Progression-free survival

pT, 1.00 0.003

pT, 1.99 0.83-4.73 0.121

pT, 825 2.68-25.44 <0.0001

Her2/neu status 3.60 1.64-7.88 0.001
Overall survival

pT, 1.00 0.006

pT, 1.38 0.51-3.76 0.531

pT, 13.56 3.06-60.04 0.001

Gl 1.0 0.015

G2 1.87 0.20-17.34 0.582

G3 6.38 0.82-49.42 0.076

Abbreviations: HR, hazard ratio; Cl, confidence interval; Her2/neu, human
epidermal growth factor receptor 2.

OS: P=0.583; PFS: P=0.945). In Her2/neu-negative set of
tumors, AGR3 expression significantly correlated with lon-
ger PFS (P=0.019) as well as OS (P=0.009). On the other
hand, when ER-positive cases were considered separately,
AGR3 expression did not reach statistical significance for
improved survival (for PFS: P=0.228; for OS: P=0.234).
Therefore, the subgroup of ER- and PR-negative patients
was extended to determine the impact of AGR3 on patients’
outcome. However, within the additional ER-negative group
of 90 patients, no significant association between AGR3
expression and patient outcome was observed as well with
regard to both PFS and OS (P=0.282 and P=0.867, respec-
tively; Figure S2). Statistical analysis of AGR3 IHC staining
patterns with other clinicopathological parameters in cohort
of ER- and PR-negative breast tumors revealed significant
association between AGR3 expression and presence and
Her2/neu status only (Table S4).

Discussion

AGR2 and AGR3 are conserved human homologues of
X. laevis XAG-2 protein implicated in development and
regeneration.? AGR2 and AGR3 share high-sequence homo-
logy, localize to the same chromosomal position 7p21,” and
both respond to estrogen'? and androgen stimulation,?!?
which suggests their possible functional overlap. AGR2 is
a well-studied pro-oncogene, promoting aggressive tumor
phenotype and less favorable patient outcome in various
malignancies.?”’”? On the other hand, AGR3 function in
health and disease remains ambiguous, since data published
so far are relatively contradictory. AGR3 expression was
demonstrated in various cancers, including breast,’ prostate,*!
ovary,'*?° and liver.'"® Moreover, it was shown that AGR3

binds to metastasis-associated GPI-anchored C4.4a protein
and extracellular alpha-dystroglycan (DAG-1)” and mediates
resistance to cisplatin in mouse xenograft model, " providing
clear evidence for its important involvement in tumor bio-
logy. In our descriptive study, we analyzed a cohort of 129
primary breast carcinomas in order to assess clinical and
prognostic relevance of AGR3 expression. We have detected
AGR3 in 104 (80%) out of 129 specimens, hence confirming
previously reported predominant expression of AGR3 pro-
tein in breast tumors.”!® In the analyzed group, AGR3 was
significantly associated with ER and PR positivity and tumor
grades G=2 but not with tumor size and nodal status, which
is consistent with other studies.”®3° Moreover, we observed
that increase in AGR3 positivity negatively correlated with
the proliferation rate defined by the level of Ki-67 expression.
Notably, similar trends in relation to other clinicopathological
parameters were also found for AGR3 mRNA level. Correla-
tion with ER and PR positivity and slowly proliferating and
well-differentiated tumors suggests that AGR3 expression is
associated with less aggressive tumors that are more prone
to effective treatment and therefore favorable outcome.
Indeed, in our work, we demonstrated for the first time that
the presence of immunohistochemical staining for AGR3
is associated with improved patient PFS. Although, in the
whole cohort, AGR3 expression did not predict longer OS,
patients whose tumors were characterized by strong AGR3
positivity showed better response to therapy. Moreover,
AGR3 predicted better outcome in the subgroup of patients
with well-differentiated tumors, which is consistent with
previously demonstrated significance of AGR3 expression
in ovarian cancers.? Quite the contrary, AGR2 is often
described as an indicator of poor prognosis,®’ metastasis,'>!
and resistance to commonly used treatments,'®3? indicating
divergent and/or context-dependent roles of AGR proteins
in breast cancer. It is of note that similar antagonistic impact
of AGR proteins on patient outcome is also observed in
ovarian cancers where AGR3 promotes better outcome,*
whereas AGR2 predicts shortened OS,*? possibly due to the
stimulation of cell growth and migration.** However, given
that AGR3 was also shown to mediate cisplatin resistance,
an explicit conclusion of AGR3-protective, antitumor role
cannot be conclusively drawn. Moreover, in our recent work,
we have compared AGRs distribution both in human healthy
tissues and carcinomas using Genevestigator platform,* and
we found that A GR3 mirrors AGR2 expression in many cases,
such as stomach, colon, pancreas, breast, female reproduc-
tive system, or respiratory system.*® In accordance, here, we
have demonstrated strong correlation between AGR2 and
AGR3 mRNA levels in breast carcinomas as well as similar
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associations of both genes with clinicopathological variables,
which suggests their cognate physiological function and role
in pathological conditions.

In the present work, we observed that better outcome in
AGR3-positive group was independent of ER status (consi-
dered separately, neither ER-positive nor negative-subgroups
had significantly longer survival time when pairwised with
AGR3). These findings suggest more complex control of
AGR3 expression in breast carcinomas, not solely depen-
dent on ER, similarly to that of AGR2.® Thus, some clues
regarding AGR3 regulation could be derived from the studies
focusing on AGR2 homologue. For instance, in addition to
ER, AGR2 was reported to be a component of, among others,
EGFR, cyclin D1, survivin, AKT, and transforming growth
factor-beta signaling pathway.'#?*373 However, mechanisms
triggering expression of AGR2 and AGR3 could be relatively
unrelated as manifested by the uncoupled expression of
both proteins in prostate and ovarian cancers,”!” and thus,
further in vitro and in vivo studies are warranted to under-
stand AGR3’s function(s) in tumor biology. Relying on our
in silico analyses, we have recently shown that AGR2 and
AGR3 plausibly control similar aspects of tumor biology
including cell cycle control, differentiation, migration, inva-
sion, and metastasis.*® Additionally, we performed promoter
analysis and demonstrated that most of the transcription
factors potentially binding to AGR2 or AGR3 promoters are
exclusive for each protein,*® which could partially elucidate
their uncoupled expression. One possible explanation of
observed AGR3 ambiguity is that dependent on the cellular
context, it could support different phenotypes leading either
to tumor progression or to regression.

In the light of what has been reported to date, it would
be necessary not only to verify whether AGR3 plays tumor-
suppressive or tumor-promoting role but also to evaluate
the plausible relevance of AGR3 presence in patient’s
fluids. AGR3 was firstly characterized in breast cancer
cell membranes and was found to localize in secretory or
endosome-like vesicles in both T47-D and MDA-MB-468
cells, !¢ suggesting more prominent role of secreted form of
AGR3. Indeed, recent works have depicted emerging role of
extracellular AGR2 in the control of tumor aggressiveness
through both autocrine and paracrine effects,*“° indicating
that similar mechanism can also be valid for AGR3. Lastly,
taking into account cognate expression pattern of AGR
proteins in different carcinomas,”" it can be speculated
that there is a functional cross talk between these proteins.
However, whether they compete with each other, compen-
sate for one’s lost, or support one another requires further
investigation.
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Figure S| Determination of anti-AGR3 antibody cross-reactivity.

Notes: The specificity of our in-house anti-AGR3 antibody (AGR3.1) was confirmed
by Western blot (upper panel). For comparison, we added testing of rabbit polyclonal
sera raised against AGR2 protein, which recognizes AGR3 as well (bottom panel).
Abbreviation: AGR, anterior gradient protein.

Table S| Association of AGR2 and AGR3 mRNA levels with
other tumor variables

Patients (n) AGR2 mRNA AGR3 mRNA

Histological grade

Gl 26 0.166* 0.0372
G2 33
G3 34

Tumor size
pT, 35 0.774 0.990°
pT, 50
pT,+pT, 8

Nodal status
Negative 37 0.822° 0.541°
Positive 52

ER status
Negative 17 0.081° <0.001®
Positive 76

PR status
Negative 19 0.124° <0.001°
Positive 73

Her2/neu status
Negative 57 0.364° 0.603°
Positive 36

Ki-67
<15% 44 0.16%° 0.494°
=15% 48

Notes:*Determination of P-level using Kruskal-Wallis analysis of variance. "Determination
of P-level using Mann-Whitney U-test.

Abbreviations: AGR, anterior gradient protein; ER, estrogen receptor; PR, proges-
terone receptor; Her2/neu, human epidermal growth factor receptor 2.

Table S2 Univariate survival analyses for the analyzed set of

tumors
Variable® Statistical significance®
PFS os

AGR3 expression 0.037 0.111
Histology

DU vs LO 0.665 0.393

DU vs OTH 0.537 0.980

LO vs OTH 0.851 0.675
Grade

Gl vs G2 0.159 0.137

Gl vs G3 0.002 0.009

G2 vs G3 0.020 0.055
Tumor size

pTl vs pT2 0.249 0.333

pTl vs pT3 0.000 0.000

pT2vs pT3 0.000 0.000
Nodal status 0.043 0.415
ER status 0.110 0.344
PR status 0.023 0.145
Her2/neu status 0.000 0.000
Ki-67 expression 0.004 0.018

Notes: "AGR3 expression, AGR3 “low” (less than 50% of stained cells) vs AGR3
“high” (more than 50% of stained cells); histology, ductal vs lobular vs others;
nodal status, negative vs positive; estrogen receptor status, negative vs positive;
progesterone receptor status, negative vs positive; Her2/neu status, negative vs
positive; Ki-67 expression, <15% vs =15%. *Probability, P, from Breslow test.

Abbreviations: PFS, progression-free survival; OS, overall survival; AGR3, anterior
gradient protein 3; DU, ductal; LO, lobular; OTH, others; ER, estrogen receptor;
PR, progesterone receptor; Her2/neu, human epidermal growth factor receptor 2.

Table S3 Survival analysis of patients with AGR3-expressing
tumors

Subgroup Statistical significance®
PFS os

Histological grade

G=2 0.024 0.005

G>2 0.945 0.583
Her2/neu status

Negative 0.019 0.009

Positive 0.781 0.278
PR status

Negative 0.669 0911

Positive 0.448 0.224
ER status

Negative 0.431 0.507

Positive 0.228 0.234

Note: *Probability, P, from Breslow test.

Abbreviations: AGR3, anterior gradient protein 3; PFS, progression-free survival;
OS, overall survival; Her2/neu, human epidermal growth factor receptor 2; ER, estrogen
receptor; PR, progesterone receptor.
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Figure S2 Survival analysis of cohort of ER- and PR-negative breast cancer patients.
Notes: Kaplan-Meier analysis of (A) progression-free survival in relation to AGR3 expression (P=0.282, Breslow test) and (B) overall survival in relation to AGR3 expression
(P=0.867, Breslow test).

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; AGR3, anterior gradient protein 3.

Table S4 Association of immunohistochemical staining for AGR3 with other tumor variables in a cohort of ER-negative breast cancer
patients

Variable N (%)* Statistical
Patients AGR3 negative/border AGR3 weak/moderate AGRS3 strong significance®
Histological grade
Gl | 1 (100.0) 0 (0.0) 0 (0.0) 0917
G2 10 6 (60.0) 3(30.0) 1 (10.0)
G3 71 47 (66.2) 15 (21.1) 9 (12.7)
Tumor size
pT, 32 24 (75.0) 5 (15.6) 3(94) 0.729
pT, 44 26 (59.1) 11 (25.0) 7 (15.9)
pT, +pT, I 8(72.8) 2 (18.2) I (9.0)
Nodal status
Negative 34 25 (73.5) 7 (20.6) 2 (5.9) 0.282
Positive 53 31 (58.5) 13 (24.5) 9 (17.0)
Her2/neu status
Negative 40 34 (85.0) 5(12.5) I (2.5) 0.001
Positive 49 24 (49.0) 15 (30.6) 10 (20.4)
Ki-67
<I5% 6 4 (66.7) 2 (33.3) 0 (0.0) 0.626
=15% 42 30 (71.4) 7(16.7) 5(11.9)

Notes: *Number (percentage) of patients with tumors characterized by negative/border, weak/moderate, or strong expression of AGR3. Probability, °P, was calculated using
Fisher’s exact test with the Freeman—Halton extension.

Abbreviations: AGR3, anterior gradient protein 3; ER, estrogen receptor; Her2/neu, human epidermal growth factor receptor 2.
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