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ABSTRACT

Background: PIK3CA is the most frequent somatic mutated oncogene in estrogen receptor (ER)
positive breast cancer. We previously observed an association between PIK3CA genotype and
aromatase inhibitors (Al) treatment outcome. This study now evaluates whether expression
of mRNAs and miRs are linked to PIK3CA genotype and are independently related to Al ther-

apy response in order to define potential expressed biomarkers for treatment outcome.
Materials and methods: The miR and mRNA expression levels were evaluated for their relation-
ship with the PIK3CA genotype in two breast tumor datasets, i.e. 286 luminal cancers from the
TCGA consortium and our set of 84 ER positive primary tumors of metastatic breast cancer
patients who received first line AL. BRB Array tools class comparison was performed to define
miRs and mRNAs whose expression associate with PIK3CA exon 9 and 20 status. Spearman
correlations established miR—mRNA pairs and mRNAs with related expression. Next, a third
dataset of 25 breast cancer patients receiving neo-adjuvant letrozole was evaluated, to
compare expression levels of identified miRs and mRNAs in biopsies before and after treat-
ment. Finally, to identify potential biomarkers miR and mRNA levels were related with
overall survival (OS) and progression free survival (PFS) after first-line Al therapy.

Results: Expression of 3 miRs (miR-449a, miR-205-5p, miR-301a-3p) and 9 mRNAs (CCNO,
FAMS81B, LRG1, NEK10, PLCL1, PGR, SERPINA3, SORBS2, VTCN1) was related to the PIK3CA
status in both datasets. All except miR-301a-3p had an increased expression in tumors with
PIK3CA mutations. Validation in a publicly available dataset showed that LRG1, PGR, and
SERPINA3 levels were decreased after neo-adjuvant Al-treatment. Six miR—mRNA pairs
correlated significantly and stepdown analysis of all 12 factors revealed 3 mRNAs (PLCL1,
LRG1, FAMS81B) related to PFS. Further analyses showed LRG1 and PLCL1 expression to be

Abbreviations: Al, aromatase inhibitors; AKT, also known as Protein kinase B (PKB); BC, breast cancer; ER, estrogen receptor; FAM81B,
family with sequence similarity, 81 member B; HER2, human epidermal growth factor receptor 2; LRG1, leucine rich alpha 2 glycoprotein
1, MBC, metastatic breast cancer; mTOR, mechanistic target of rapamycin; PFS, progression free survival; PLCL1, phospholipase C like 1;

SNP, single nucleotide polymorphism.
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unrelated with luminal subtype and to associate with OS and with PFS, the latter inde-

pendent from traditional predictive factors.
Conclusion: We showed in two datasets of ER positive and luminal breast tumors that the

expression of 3 miRs and 9 mRNAs associate with the PIK3CA status. Expression of LRG1
is independent of luminal (A or B) subtype, decreased after neo-adjuvant Al-treatment,

and is proposed as potential biomarker for Al therapy outcome.
© 2016 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights

reserved.

1. Introduction

Breast cancer (BC) is a heterogeneous disease with different
clinical, biological and phenotypical features (Koren and
Bentires-Alj, 2015). Targeted therapies against two critical
pathways in BC, the ER and HER?2, such as tamoxifen or aro-
matase inhibitors and trastuzumab respectively, are success-
ful when BC patients are stratified based upon their ER and
HER2 status. Unfortunately, not all patients respond (de
novo resistance) while in the metastatic setting, patients
who do respond will eventually relapse (acquired resistance).

Resistance to ER and HER2 targeted therapies may occur
through activation of the PI3K pathway and/or their down-
stream targets AKT and mTOR (Clarke et al., 2015). Activation
of the PI3K pathway was especially seen in ER negative tumors
with predominantly amplified but hardly mutated (7%)
PIK3CA, whereas mutations in this gene are most frequently
found in ER positive tumors, up to 52% in luminal BC accord-
ing to Ma et al. (2015) and The Cancer Genome Atlas
Network (2012). Furthermore, primary tumors of BC patients
with PIK3CA mutations were unexpected associated with
favorable prognosis (Volinia and Croce, 2013) and clinical
benefit from endocrine treatment (Ramirez-Ardila et al,
2013). Interestingly, PIK3CA mRNA was the most prominent
gene in a prognostic signature of 30 mRNAs and 7 miRs
(Volinia and Croce, 2013) established in one of two genome
wide integrated transcriptome studies performed in BC until
now (Buffa et al., 2011; Volinia and Croce, 2013). The prog-
nostic value of the mRNA component of this signature was
confirmed on eight BC cohorts and outperformed several
well-known RNA predictors, however, the predictive value of
this signature remains to be established.

The aim of our current study was to investigate mRNAs
and miRs as potential predictive biomarkers correlated with
PIK3CA genotype and Al therapy outcome. We evaluated the
genome wide transcriptome of two BC datasets, and estab-
lished overlapping mRNAs and miRs whose expression was
related to the genotype of PIK3CA. The levels of these mRNAs
and miRs were correlated with response to neo-adjuvant and
first-line AI therapy.

2. Materials and methods
2.1. Patients and datasets

This study evaluated two previously published cohorts of
breast cancer specimens for which PIK3CA genotype and

mRNA expression profiles were available. It included a cohort
of 286 luminal breast cancer patients (TCGA dataset) (The
Cancer Genome Atlas Network, 2012) and a cohort of 84 ER
positive breast cancer patients with metastatic disease who
received first line aromatase inhibitors (Al dataset) (Ramirez-
Ardila et al., 2013). The TCGA transcriptome data for mRNA
and miR were uploaded from their database portal (https://
tcga-data.nci.nih.gov/), and evaluated for only luminal speci-
mens (based on PAMS0 classification) with wildtype PIK3CA
or with an exon 9 or exon 20 mutation for this gene.

The Al dataset included ER positive breast cancer patients
from 3 institutes (Erasmus University Medical Center (EMC),
Rotterdam; Netherlands Cancer Institute (NKI), Amsterdam;
Sint Augustinus Hospital, Antwerpen). Patient characteristics,
medical ethics board approval, code of conduct, report
criteria, and therapy response criteria for this cohort have
been described previously (Ramirez-Ardila et al., 2013). Briefly,
the patients received either steroidal (15 exemestane) or non-
steroidal Al (43 anastrozole, 26 letrozole). PIK3CA status and
mRNA expression profiles were established by SnaPshot®
multiplex assays (Life technologies) (Ramirez-Ardila et al.,
2013) and 44k mRNA oligoarrays (Agilent Technologies)
(Jansen et al., 2013), respectively. The miR expression profiles
were obtained for 768 probes (671 unique miRs) with Human
MicroRNA Array v2.0 fluidic cards (Tagman Low Density Ar-
rays, TLDAs) from Life Technologies according to the manu-
facturer’s protocol. Expression data are deposited at NCBI
GEO, with accession number GSE41994 for mRNAs (Jansen
et al., 2013) and GSE78870 for miRs.

In addition, we evaluated a third dataset of 25 breast cancer
patients who received neo-adjuvant letrozole, available at
NCBI GEO with accession code GSE59515 (Turnbull et al.,
2015). This neo-adjuvant dataset contains the transcriptome
of primary tumor biopsies taken before and after 2 weeks
and after 3 months treatment.

2.2. Data analyses

The TCGA set mRNA levels were median centered by gene
while the mature/star miR strand levels were normalized to
reads per million mapped miRNAs. The Al set mRNA levels
were quantified and normalized using Agilent Feature Extrac-
tion software (Agilent, Santa Clara, CA, US). The miRNA TLDAs
generated Ct values which were normalized against the me-
dian Ct value of the TLDA. All mRNA and miR expression
data were log2 transformed and evaluated using BRB Array-
Tools, Version 4.5.0-Beta_1 (June 2015) (http://linus.nci.nih.-
gov/BRB-ArrayTools.html). BRB class comparison was
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performed when at least 80% expression data points were
available in the AI set. The expression data in the TCGA set
were available for all the samples. A P value <0.005 and
<0.05 after 100,000 permutations was considered significant
for mRNAs and miRs, respectively. The integrated evaluation
of miR—mRNA pairs was performed using the following data-
bases: miRTarbase, mirSel, miRecords (V.4 — Apr 27-2013), In-
genuity Pathway Analysis (IPA®) integrated with TarBase
V.5.0. Pathway analyses were performed using (IPA®) and DA-
VID (https://david.ncifcrf.gov).

2.3. Statistics

Computations were performed with the STATA statistical
package, release 13 (STATA Corp., College Station, TX). All P
values were two sided and P < 0.05 was considered statisti-
cally significant. Bonferroni multiple test corrections were
also used. Briefly, relationships between PIK3CA genotype,
clinic-pathological factors and miR/mRNA expression levels
investigated using nonparametric methods, i.e.
Spearman rank correlations for continuous variables and Wil-
coxon rank sum or Kruskal Wallis and chi square test for or-
dered variables. The Cox proportional hazard model was
used in univariate analysis to compute the hazard ratio (HR)
for PFS. The HR was presented with its 95% confidence inter-
vals (95% CI). Survival curves were generated using the
Kaplan—Meier method and a log rank test was applied to
test for differences. PFS was defined as the time elapsed be-
tween initiation of first line Al therapy and the first detection
of disease progression. miRs and mRNAs considered statisti-
cally significant in univariate analysis were included in a
multivariate stepdown analysis to determine the strongest in-
dependent predictive biomarkers. Finally, these potential pre-
dictive biomarkers were added to the base model of
traditional clinic-pathological factors for metastatic breast
cancer, i.e., age at start therapy (<55, 56—70 or >70 years),
disease-free interval (0—24 or >24 months), dominant site of
relapse (Local regional relapse vs bone vs visceral), PR-status
(negative or positive), and HER2-status (negative or positive,
based on Target-Print HER2 mRNA classification).

were

3. Results
3.1 PIK3CA genotype and transcriptome profiles

The class comparison algorithm of BRB Array tools was used
to identify differentially expressed mRNAs and miRs between
PIK3CA wildtype and PIK3CA mutated ER positive (luminal) pri-
mary breast cancer specimens. This analysis revealed 119 and
111 unique differentially expressed mRNAs (P < 0.005) in the
TCGA and Al dataset, respectively (Figures 1, Supplemental
Table S1). The majority of genes showed increased expression
in tumors with a PIK3CA mutation in both datasets, i.e. 69%
(82/119) in the TCGA dataset and 84% (93/111) in the Al dataset.
Likewise, 17 and 31 unique miRs were differentially expressed
between PIK3CA wild type and mutated tumors (P < 0.05) in
the TCGA and Al datasets (Figures 1, Supplemental Table
S2). About half of the miRs showed increased expression in
PIK3CA mutated tumors for the TCGA, i.e. 9 miRs in TCGA

[53% (9/17)] and 16 miRs [52% (16/31)] in the AI dataset were
upregulated.

The 119 and 111 identified mRNAs were examined with
Ingenuity® Pathway Analysis (IPA) to establish regulated
signaling pathways in both datasets. Not surprising IPA
revealed Estrogen as the only common significant up stream
regulator for a subset of genes both in the AI dataset (P
value = 7.09E-03) and the TCGA dataset (P value = 1.43E-06)
(Supplemental Figure S1). Additional pathways were not
found to be enriched (based on the IPA and DAVID analyses).

3.2 Breast cancer PIK3CA mutation specific
transcriptome

To obtain a PIK3CA mutation specific transcriptome indepen-
dent of the cohort studied, we selected the overlapping poten-
tial biomarkers between both the TCGA- and Al-dataset
(Supplemental Figure S2). In total 9 mRNAs (CCNO, FAMS81B,
LRG1, NEK10, PGR, PLCL1, SERPINA3, SORBS2 and VTCNI;
Supplemental Table S3) and 3 miRs (hsa-miR-205-5p, hsa-
miR-301a-3p and hsa-miR-449a) were related with PIK3CA ge-
notype in both datasets. Interestingly, all biomarkers except
one (miR-301a-3p) showed increased expression in PIK3CA
mutated ER positive (luminal) breast cancer (Figure 2). Since
the TCGA dataset contains both luminal A and B samples,
the 12 potential biomarkers associated with PIK3CA status
were further evaluated for the relationship between their
expression and luminal A or B subtype. The expression of
LRG1, PLCL1, SERPINA3, CCNO and miR-449a were confirmed
after multiple testing correction to be independent of subtype
(Table 1). Moreover, the levels of these 5 biomarkers were in
both TCGA- and Al-dataset not correlated with MKI67 levels,
a gene significantly upregulated in luminal B compared to
luminal A subtype. This again indicates that LRG1, PLCL1, SER-
PINA3, CCNO and miR-449a expression are independent from
luminal subtype.

3.3. Integrated analyses of common miRs and mRNAs

Since miRs can regulate expression of specific target genes,
the expression of the common 9 mRNAs and 3 miRs were
checked for their statistical relationship by spearman correla-
tion in both the TCGA- and Al-dataset. This exploratory anal-
ysis resulted in 14 miR—mRNA pairs with a P < 0.05, including
6 pairs still significant after multiple testing correction
(Supplemental Table S4). These 6 miR—mRNA pairs were
explored in different miR databases to identify putative
mRNAs targeted by our miRs, and demonstrated only PGR as
target of miR-205-5p in the miRSel database (Sempere et al.,
2007). Highest correlations in the TCGA and Al dataset, i.e.
1, = 0.69 and 0.78, were observed between subtype indepen-
dent expression of CCNO and miR-449a, possibly due to their
chromosomal co-localization on 5q11.

Additionally, expression levels of the 9 mRNAs were also
correlated with each other (Supplemental Table S5), and
showed coregulatory expression for 12 mRNA pairs in both
datasets after multiple testing correction. Ingenuity identified
TP73 for the LRG1-SERPINA3 pair and STAT3 for the PGR-SER-
PINA3 pair as their common transcription regulator,
respectively.
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A TCGA-dataset

286 luminal A and B breast tumors from the TCGA consortium:
102 PIK3CA mutants (45 exon 9 and 57 exon 20) vs 184 wild- types

y

17814 Unique mRNAs

965 miRs (1222) sequences

BRB class comparison analyses between PIK3CA mutants and wild types

Criteria : P<0.005, FC 21.5
100.000 Permutations

Criteria : P<0.05, FC >1.3
100.000 Permutations

119 unique differentially expressed
mRNAs (37 down- and 82 up-
regulated in PIK3CA mutants

(Supplemental Table S1)

17 unique differentially
expressed miRs (8 down- and 9
up-regulated in PIK3CA mutants

(Supplemental Table S2)

B Al-dataset

84 primary tumors of MBC patients treated with first-line Aromatase inhibitors:
25 PIK3CA mutants (8 exon 9 and 17 exon 20) vs 59 wild- types

J

19.587 unique mRNAs
(40.793) probes

\%

671 unique miRs (768)
probes

\/

BRB class comparison analyses between PIK3CA mutants and wild types

Criteria : P<0.005, FC >1.5
100.000 Permutations
<20% missing values

J

164 differentially

expressed mRNAs probes
|

Only known* and unique
mRNAs with the highest
P-value remained***

Criteria: P<0.05, FC >1.3
100.000 Permutations
< 20% missing values

l

35 differentially
expressed mRNAs probes
1

Only known** and unique
miRs with the highest P-
value remained***

Vi
111 unique differentially

expressed mMRNAs (18 down- and
93 up-regulated in PIK3CA mutants

(Supplemental Table S1)

V]

31 unique differentially expressed
miRs (15 down- and 16 up-
regulated in PIK3CA mutants
(Supplemental Table S2)

Figure 1 — Workflow used to discover differentially expressed mRINAs and miRs when analyzed by PIK3CA mutation status. A) TCGA dataset
(publicly available data from the TCGA consortium). B) Al dataset. *Known mRNAs indicates mRNAs with gene names annotated according to
platform GPL6480 updated in Nov 16, 2014 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc = GPL6480); *known miRs indicates miRs

annotated according to miRbaseV20; **unique mRNAs or miRs with the highest P-value indicate those cases in which at least two probes for an

annotated mRNA or miR name were found differentially expressed. We selected the probe with the highest P-value.

3.4. PIK3CA mutation specific transcriptome before and
after neo-adjuvant Al therapy

Next, above identified potential biomarkers were analyzed on
the third neo-adjuvant dataset to establish whether their
expression levels change after letrozole treatment (Figure 3).
Expression in the before treatment biopsies were only signifi-
cantly decreased for VTCN1 in the 8 clinical non-responders

when compared to the 17 clinical responders. On the other
hand, expression levels for LRG1, PGR, and SERPINA3 were
decreased after 2 weeks treatment and attenuated up to 3
months therapy when compared to the pre-treatment levels
(Figure 3A). The downregulation for these 3 genes during
neo-adjuvant letrozole therapy was only observed in patients
with clinical response but not in those without clinical
response, as exemplified for LRG1 (Figure 3B).
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Figure 2 — Differentially expressed mRNAs and miRs when analyzed by PIK3CA mutation status. Volcano plots of differentially expressed
mRNAEs (top side) and miRs (bottom side) in the TCGA dataset (left side) and in the Al dataset (right side) analyzed by PIK3CA genotype. The
vertical dotted lines indicate the threshold for a relative expression fold change (FC) of breast cancer PIK3CA exon 9 or exon 20 mutated tumors
compare to PIK3CA wild types. The horizontal dotted lines represent the threshold of a P value. The blue dots in the upper sides are significantly
upregulated (on the right) and down regulated (on the left) in PIK3CA mutants. Overlapping mRNAs and miRs in both datasets are labeled and
indicated in red dots. The volcano plots are based on number of probes (see Figure 1 for details).

3.5. PIK3CA mutation specific transcriptome and
hormonal therapy outcome

The PIK3CA genotype linked potential biomarkers were further
evaluated for their relationship with OS for 272 patients of the
TCGA-dataset and with PFS for 75 MBC patients who received
first line Al and for whom both expression and clinical data
were available. Expression of LRG1, PLCL1, SERPINA3 and
miR-301a-3p was related with OS, based on all therapies that
the patients had received (Table 1). In addition, expression
levels of all biomarkers except miR-205-5p were significantly
(P < 0.05) related to PFS (Figure 4A). Only the expression of
miR-301a-3p was linked to therapy resistance whereas expres-
sion of all other biomarkers was associated with response to Al
The 11 potential biomarkers that associated with therapy
outcome, were each further evaluated along with traditional
predictive factors, the base model. In this multivariable ana-
lyses eight factors were independent from the base model

(Table 1) and these were combined for a stepdown analysis.
Since we know that PIK3CA mutations correlate with PFS in
our cohort, as reported by us (Ramirez-Ardila et al., 2013), a
stepdown including PIK3CA status was analyzed to reveal vari-
ables that outperformed the PIK3CA status correlation with
PFS, i.e. are more strongly correlated with PFS. Performing the
stepdown analysis with and without PIK3CA status resulted
in similar findings, i.e. only FAM81B (P < 0.001), LRGI
(P =0.001) and PLCL1 (P = 0.013) were independent biomarkers
associated with Al therapy outcome in MBC patients (Figure 4B).
Interestingly, LRG1 and PLCL1 expression was shown to be
related to PIK3CA independently of the luminal subtype. The
observed association with PFS for these 2 potential biomarkers
is illustrated in Kaplan Meier survival curves in Figure 4C—D.
Finally, we investigated the expression of LRG1 and PLCLI in
our dataset of 101 MBC patients who received first line tamox-
ifen, however, no significant relationship with tamoxifen
outcome was observed for both genes (data not shown).
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Table 1 — Overview: Identification of potential biomarkers related to the PIK3CA status in relation to PFS after first line Al therapy.

Factor TCGA-set Al-set
Relationships with PIK3CA status Relationships with overall Relationships with progression-free
and Luminal subtype for 286 patients survival available for survival in 75 patients who
272 patients received first-line Al therapy
PIK3CA status Subtype Univariate analysis Univariate analysis Mutivariate analysis:

each factor added to the base
model of traditional factors”

Wild-type Mutated P Luminal Luminal P HR 95% CI P HR  95% CI P HR 95% CI P
- A B —
MW+ MW*
Median expression levels for:
LRG1 0.10 1.06 <0.001 0.65 0.35 0.139 0.83 0.70—-0.99 0.033 0.69 0.55-0.87 0.002 0.70 0.54—0.90 0.006
PLCL1 -0.11 0.76 <0.001 0.45 —0.03 0.013 0.71 0.52-0.97 0.029 0.61 0.46-0.81 0.001 0.58 0.43-0.79 <0.001
FAMS81B 0.27 1.64 <0.001 1.19 0.00 <0.001** 0.88 0.71-1.08 0.216 0.82 0.73-0.92 <0.001 0.83 0.73-0.94 0.004
CCNO 0.11 0.67 <0.001 0.41 0.23 0.319 0.97 0.75-1.27 0.832 0.84 0.73-0.96 0.010 0.84 0.73-0.97 0.018
NEK10 0.21 1.66 <0.001 1.29 -0.21 <0.001** 0.88 0.72-1.06 0.172 0.76  0.65-0.90 0.001 0.79 0.65-0.95 0.012
PGR 0.73 2.03 <0.001 1.81 0.45 <0.001** 0.91 0.77-1.06 0.221 0.84 0.74-0.95 0.006 0.85 0.72—-0.99 0.039
SERPINA3 0.17 0.77 0.001 0.53 0.32 0.069 0.81 0.66—0.98 0.031 0.82 0.70-0.97 0.020 0.85 0.70—1.04 NS
SORBS2 -0.37 0.33 <0.001 0.30 —0.86 <0.001** 0.82 0.63-1.07 0.142 0.69 0.56-0.86 0.001 0.71 0.56—0.89 0.004
VTCN1 —0.90 0.37 <0.001 0.30 —1.44 <0.001** 0.91 0.77-1.08 0.284 0.84 0.73-0.97 0.021 0.87 0.73-1.03 NS
hsa-miR-449a 0.93 1.59 0.011 1.13 1.21 0.817 0.84 0.66—1.07 0.166 0.93 0.87-0.99 0.022 0.93 0.87-0.99 0.030
hsa-miR-301a-3p 3.36 2.88 0.003 2.84 3.74 <0.001** 1.38 1.00-1.89 0.047 130 1.01-1.68 0.043 1.21 0.91-1.61 NS
hsa-miR-205-5p 9.46 10.82 <0.001 10.49 9.04 <0.001** 1.00 0.86—1.16 0.988 0.93 0.84-1.04 0.209

* Mann Whitney (MW) nonparametric test was applied for the evaluation of the expression levels in relationship to PIK3CA status (wild type vs mutant) or luminal subtype (A vs B).
** Significant after the Bonferroni correction for multiple testing (P = 0.05/12 = 0.004).
# Each factor added to the base model of traditional factors including age, disease free interval, dominant site of relapse, PR and HER2 status.
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A
Evaluation of biomarkers in primary tumor biopsies of patients receiving neo-adjuvant letrozole (GSE59515)
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Figure 3 — Gene expression alterations in primary tumor biopsies before and after Al treatment from patients who received neo-adjuvant Al
therapy. The figure illustrates the results after validation in the publicly available NCBI GEO-dataset GSE59515 including 25 breast cancer
patients who received neo-adjuvant letrozole therapy. The cohort contained a subset of 17 patients with and a subset of 8 patients without clinical
response after Al-treatment. The dataset contains the expression profiles of primary tumor biopsies before and after 2 weeks and 3 months
treatment from these patients. A presents the median expression levels and P-values measured before treatment for the 2 patient subsets
(Mann—Whitney P-values) and before and after 2 weeks and 3 months Al-treatment for all patients (Kruskal Wallis P-values). The Kruskal Wallis
test was also performed on each subset of patients separately. B is a boxplot illustrating LRG1 expression levels before and after treatment in both
patients with and without clinical response to neo-adjuvant letrozole.
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Figure 4 — Relation to PFS after first line Al treatment. Forest plot summarizing univariate analyses in 75 MBC patients in relation to PFS after

first line Al treatment. Traditional factors are not included here. The variables in red remained significant in multivariate analysis after stepdown

analyses and corrected for traditional factors. (#) indicates dichotomized variable, all others are continuous variables. All variables are up-regulated
in PIK3CA mutants except for miR-301a-3p. (*) indicates variables which are subtype independent, i.e. had no significant relationship (P > 0.004)
with subtypes after Bonferroni multiple-testing correction. B) Steps followed to identify independent potential biomarkers related to PIK3CA

status and independent of subtype C—D). PFS analyses in 75 ER positive breast cancer patients with advanced disease treated with first line Al as

function of C) PLCL1 expression and D) LRG1 expression.

4, Discussion

In this study, the transcriptome of a TCGA cohort of 286
luminal A and B tumors from BC patients and our cohort of
84 ER positive primary breast tumors from patients who
developed metastatic disease were stratified by PIK3CA geno-
type. In both datasets we demonstrated 1 miR with decreased

and 2 miRs and 9 mRNAs with increased expression in tu-
mors with a PIK3CA hotspot mutation. Evaluation of these
biomarkers in the neo-adjuvant dataset showed that expres-
sion of 3 mRNAs decreased after letrozole therapy. Multivar-
iate analyses, including clinico-pathological factors and
molecular tumor subtypes, revealed LRG1 and PLCL1 as inde-
pendent potential biomarkers for PFS after first line Al ther-
apy. All our findings indicate that high LRG1 expression
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levels hallmark primary breast cancer with PIK3CA muta-
tions and treatment response after neo-adjuvant and first-
line Al-therapy.

The majority of differentially expressed mRNAs in both
datasets had an increased expression in PIK3CA mutated tu-
mors. In addition, we found 6 miR—mRNA pairs with signifi-
cant related expression levels in both datasets after
Bonferroni multiple correction test. Negative correlations
have been generally reported since miRs control gene expres-
sion by mRNA degradation and/or translation inhibition
(Bartel, 2004). However, most of our miR—mRNA pairs showed
a positive correlation. Dvinge et al. indicated that the BC miR-
NA—mRNA landscape was dominated by positive connota-
tions, and suggested co-transcriptional modules, especially
in ER+ samples (Dvinge et al., 2013).

The established PIK3CA mutation specific potential bio-
markers were previously linked to breast cancer, PI3K
pathway and/or endocrine therapy. For example, PGR
belonged to the regulated genes after PI3K inhibition (Bosch
et al., 2015), whereas SERPINA3 was part of activated PI3K sig-
natures (Loi et al., 2010). SERPINA3 was identified as
biomarker for estrogen regulation in response to neoadjuvant
Al therapy (Miller and Larionov, 2010), whereas SNPs for
NEK10 (Milne et al., 2014) and VTCN1 (Tsai et al., 2015) were
linked to BC susceptibility. Moreover, miR-449a expression
was increased in luminal BC compared to the other subtypes
(Dvinge et al., 2013) and its tumor suppressor activity was
regulated by PI3K (Liu et al., 2015). The upregulated expres-
sion of miR-205 and miR-449a in tumors with a PIK3CA muta-
tion was shown to suppress the epithelial mesenchymal
transition (EMT) in BC and liver cancer, respectively (De
Cola et al., 2015) (Chen et al., 2015a). Interestingly, miR-205-
5p directly targets HER3 receptor, involved as well in EMT,
inhibiting the PI3K pathway activation respectively (De Cola
et al.,, 2015). In contrast, the down regulated miR-301a-3p in
tumors with PIK3CA mutation, was shown to increase the
EMT in laryngeal neoplasm (Lu et al.,, 2015) and to target in
BC especially genes involved in T cell related processes
(Dvinge et al., 2013). Combining results in BC cell lines on
PIK3CA status obtained from the COSMIC database (http://
cancer.sanger.ac.uk/cell lines) and on miR-301a-3p expres-
sion described by Ma et al. (2014) suggest that BC cell lines
with PIK3CA mutations have decreased miR-301a-3p expres-
sion compared to wild types.

Although all 9 mRNAs and 2 miRs associated with PIK3CA
genotype and PFS in MBC, only PLCL1, LRG1, CCNO, SERPINA3
and miR-449a were not related with luminal subtypes A and
B. Furthermore, mRNA expression of FAMS81B, PLCL1, and
LRG1 remained as independent potential biomarkers for PFS
after first line Al treatment once stepdown analyses and
multivariate analysis with well-known clinical traditional fac-
tors are performed.

Thus, we propose PLCL1 and LRG1 as potential luminal sub-
type independent biomarkers that associate with PIK3CA ge-
notype and first line Al treatment outcome.

PLCL1 and LRG1 have so far not been linked with BC and
PIK3CA genotype. PLCL1 encodes for phospholipase C like 1,
also known as PRIP 1, which has been suggested to be
involved in insulin induced GABA(A) receptor functioning
(Fujii et al., 2010) and in gonadotropin secretion (Matsuda

et al, 2009). Interestingly, CA?" and phospholipase C
signaling was recently indicated as one of the over repre-
sented canonical networks in ER positive BC (Ellis et al,
2012). LRG1 (encodes for leucine rich alpha 2 glycoprotein 1)
was proposed as a metastasis suppressor in hepatocellular
carcinoma (HCC) since exogenous recombinant human
LRG1 protein inhibited migration and invasion of HCC cells
in vitro (Zhang et al., 2015). Moreover, LRG1 was shown as po-
tential biomarker for detection of cancer in urine and/or
serum such as epithelial ovarian, lung and colon cancer
(Chen et al., 2015b; Ivancic et al., 2014; Smith et al., 2014;
Wu et al,, 2015). In endometrial carcinoma patients LRG1
expression was related to poor prognosis (Wen et al., 2014).
Our transcriptome analyses of tumor biopsies before and af-
ter neo-adjuvant letrozole showed decreased expression
upon treatment for LRG1, PGR, and SERPINA3. These 3 genes
were also reported within the top 150 differentially expressed
genes between pre- and 2 weeks post anastrozole neo-
adjuvant treatment (Dunbier et al.,, 2013). All this suggest
that alterations in LRG1 levels may be used as readout for a
response to Al Further studies in BC are needed to resolve
the relationship of PLCL1 and LRG1 with PIK3CA mutation
and Al therapy response.

In conclusion, we used mRNA and miR expression and
identified 9 mRNAs and 3 miRs overlapping between ER posi-
tive and luminal A and B tumors in relation to PIK3CA muta-
tion status. The expression of 2 genes, LRG1 and PLCL1, was
shown to be independent of subtype and related to PFS after
first line AI treatment in MBC patients. Expression levels of
LRG1, but not PLCL1, were shown to decrease significantly af-
ter treatment in patients with clinical response to neo-
adjuvant letrozole. Since our analyses were based on PIK3CA
genotype, and given the high frequency of PIK3CA mutations,
this exploratory study provides potential novel biomarkers for
PFS after first line Al treatment. These results need to be vali-
dated in future studies.
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