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Partial least squares based analysis of
pathways in recurrent breast cancer
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Abstract. - PURPOSE: Breast cancer remains
a major health problem even with all the recent
technological advancements. Large-scale gene
expression analysis has offered great ease for
both biological characterization and therapeutic
planning of breast cancer. Previous studies
mostly used variance/regression analysis, which
becomes fundamentally flawed when there are
unaccounted array specific factors. Here we aim
to investigate the underlying mechanism of
breast cancer through partial least squares
(PLS) based gene expression profile analysis.

MATERIALS AND METHODS: With a gene ex-
pression profile data set downloaded from the
Gene Expression Omnibus database, we per-
formed PLS based analysis.

RESULTS: We acquire 932 and 771 differentially
expressed genes (DEGs) in breast cancer metas-
tasis of estrogen-receptor (ER)-positive and ER-
negative patients, respectively. For ER-positive
patients, 32 pathways were found to be enriched
with DEGs, including immune related pathways,
cellular processes and environmental information
processing pathways. Survival analysis demon-
strated that 18 of them were closely related with
non-recurrence rate along time after surgery. For
ER negative patients, only three pathways includ-
ing the folate biosynthesis pathway were enriched
with DEGs and none of them overlapped with
those of ER positive patients. Only the cholinergic
synapse pathway was significantly associated
with the non-recurrence rate according to the sur-
vival analysis.

CONCLUSIONS: Our findings shed light on
pathways involved in breast cancer relapse with
the hope to give some theoretical supports for
further therapeutic study.
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Introduction

Breast cancer is a major health problem that
causes greater than 1,300,000 cases and 450,000
deaths each year worldwide'. Breast cancer is cate-
gorized into two broad groups: estrogen receptor
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(ER) positive and ER-negative groups?, which can
be further subclassified into additional distinct bio-
logically and clinically significant subgroups, indi-
cating that breast cancer is highly heterogeneous at
both the molecular and clinical level*#. These sub-
types which are evident at the ductal carcinoma in
situ (DCIS) stage are conserved across different
ethnic groups®, suggesting that distinct tumor pro-
gression pathways may contribute to different tu-
mor types. During the past decade, our understand-
ing of the molecular mechanisms underlying breast
cancer progression has greatly improved as the cru-
cial roles of genetic alterations in the early detec-
tion, diagnosis, and treatment of breast cancer have
been investigated widely. Therefore, more reliable
and specific treatment options for breast cancer are
now available to patients. It is now well known that
5% to 10% of breast cancer cases arise in individu-
als with variants in breast cancer candidate genes,
such as BRCAI and BRCA2%®. However, the het-
erogeneous nature of breast cancer makes it diffi-
cult not only to develop cure for this disease, but al-
so to assess risk factors for relapse.

Recent advances in microarray technology and
other strategies of large-scale gene expression
analysis have offered great ease for both biologi-
cal characterization and therapeutic planning of
breast cancer®. Previous study!? proposed that par-
tial least squares (PLS) based analysis was robust
in selecting disease related genes with expression
profile data. Compared with variance/regression
analysis, which becomes fundamentally flawed
when there are unaccounted array specific factors
that are not detectable and cannot be removed by
any standard normalizing method, PLS based
analysis is more sensitive while maintaining rea-
sonable specificity, false discovery rate and false
non-discovery rate. Understanding of the molecu-
lar biology and gene expression signatures of
breast cancer using PLS based method may help
the development of novel preventing and thera-
peutic approaches of the disease.

In this work, using a dataset downloaded from
the gene expression omnibus (GEO) database, we
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investigated the pathological mechanism in ER
positive and ER-negative breast cancer and ac-
quired corresponding signaling pathways. More-
over, biological pathways co-related with life
span of breast cancer patients were also obtained
through survival analysis.

Materials and Methods

Microarray Data

The transcription profile of GSE2034 was
downloaded from GEO (http://www.ncbi.nlm.
nih.gov/geo/) database. This series represents 208
lymph-node negative breast cancer patients, in-
cluding 209 ER positive and 77 ER negative pa-
tients. For ER positive patients, 129 samples
showed recurrence and 80 samples showed no re-
currence within 4 years. For ER negative patients,
27 samples showed recurrence and 50 samples
showed no recurrence. The data set was based on
platform GPL96: [HG-U133A] Affymetrix Hu-
man Genome U133A Array.

ldentification of Differentially Expressed
Genes (DEGs)

Robust Multiarray Analysis (RMA)!'! was used
for raw intensity values normalization. The result-
ing RMA expression value (log2-transformed) of
each probe was used for further analysis. PLS'>!3,
which is a dimension reduction procedure for
modeling without imposing strong assumptions
were then used to estimate the effects for each
gene in ER positive and ER negative patients.
Briefly, NIPALS algorithm'* was used to calculate
PLS latent variables derived from expression pro-
file on target trait and the statistics of variable im-
portance on the projection (VIP)" was calculated
to evaluate the importance of the expressed genes
on the relapse status of the patients. Additionally,
a permutation procedure (N=10,000 times) was
implemented to obtain the empirical distribution
of PLS-based VIP in each replicate. False discov-
ered rate (FDR) of each gene was then evaluated
according to the empirical distribution. The
threshold of FDR was set as 0.05.

Pathway Enrichment Analysis

Identified differentially expressed probes were
annotated according to the SOFT format files. All
genes were mapped to the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway database'®,
which is a collection of wiring diagrams of mole-
cular interactions, reactions, and relations. Hyper

geometric distribution test was implemented to
identify pathways significantly enriched with
DEGs.

Survival Analysis

To investigate the contribution of these path-
ways to the relapse rate as time went after the
surgery of the breast cancer patients, we carried
out survival analysis. Take ER positive patients
for example, for each pathway which was identi-
fied to be enriched with DEGs, the samples were
divided into two categories (class 1 and class 2)
using K-mean method according to the expres-
sions of all genes in the pathway. With the relapse
time or the last follow-up time of these patients,
non-recurrence rate curve of the two classes were
drawn. Log-rank test were used to compare the
two curves and corresponding p values were ob-
tained to investigate whether the two groups were
significantly different from each other. The
threshold was set as 0.05. That’s, pathways with
survival analysis p values less than 0.05 were con-
sidered to be significantly contribute to the non-
recurrence rate along time went of the patients.

Results

According to the PLS based expression profile
analysis, for ER positive patients, 1124 probes
(932 genes) were identified to be differentially ex-
pressed in samples with or without relapse within
4 years. For ER negative patients, the number was
947 probes (771 genes). Only 96 DEGs were
shared in the two groups. Pathway enrichment
analysis showed that 32 pathways were enriched
with DEGs in ER positive patients (Table I). Only
three pathways showed enrichment in ER nega-
tive patients (Table II).

Further survival analysis showed that 18 path-
ways were related with the non-recurrence rate
along time of ER positive patients, including the
oocyte meiosis pathway (hsa04114), cell cycle
pathway (hsa04110), p53 signaling pathway
(hsa04115), pathways in cancer (hsa05200), small
cell lung cancer (hsa05222) and other pathways
which involve the immune system. Figure 1 illus-
trates the non-recurrence rate curve of the cell cy-
cle pathway and the DEGs in this pathway. For
ER negative patients, only the cholinergic synapse
pathway (hsa04725) was identified to be related
with the non-recurrence rate. The non-recurrence
rate curve and the DEGs in this pathway are
shown in Figure 2.
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Table I. Pathways enriched with differentially expressed genes in samples with or without relapse within 4 years in estrogen

receptor positive patients

Pathway ID Pathway name p-value FDR Survival p
hsa04145 Phagosome 3.45E-07 6.87E-06 2.14E-01
hsa04510 Focal adhesion 2.43E-06 3.94E-05 3.17E-01
hsa05332 Graft-versus-host disease 6.42E-12 8.31E-10 2.50E-02
hsa05330 Allograft rejection 5.86E-12 1.52E-09 2.50E-02
hsa04940 Type I diabetes mellitus 2.00E-10 1.73E-08 2.50E-02
hsa05416 Viral myocarditis 3.04E-09 1.97E-07 3.60E-02
hsa04514 Cell adhesion molecules (CAMs) 6.64E-09 3.44E-07 5.03E-02
hsa05320 Autoimmune thyroid disease 1.01E-08 4.36E-07 2.50E-02
hsa04512 ECM-receptor interaction 1.84E-08 6.81E-07 2.51E-01
hsa04672 Intestinal immune network for IgA production 2.31E-08 7.49E-07 1.50E-01
hsa05140 Leishmaniasis 3.07E-08 8.84E-07 2.62E-01
hsa04612 Antigen processing and presentation 9.12E-08 2.36E-06 3.26E-02
hsa05310 Asthma 2.20E-07 5.17E-06 1.60E-02
hsa05169 Epstein-Barr virus infection 2.63E-07 5.68E-06 3.17E-02
hsa05166 HTLV-I infection 3.90E-07 7.22E-06 5.93E-02
hsa05145 Toxoplasmosis 4.51E-07 7.79E-06 1.10E-02
hsa05168 Herpes simplex infection 4.58E-06 6.98E-05 4.65E-02
hsa05152 Tuberculosis 5.36E-05 7.71E-04 1.77E-01
hsa04114 Oocyte meiosis 6.79E-05 9.26E-04 1.57E-06
hsa05150 Staphylococcus aureus infection 8.07E-05 1.05E-03 1.77E-01
hsa05323 Rheumatoid arthritis 1.69E-04 2.09E-03 3.13E-02
hsa04974 Protein digestion and absorption 1.79E-04 2.11E-03 5.39E-01
hsa05146 Amoebiasis 3.29E-04 3.70E-03 8.36E-02
hsa04360 Axon guidance 7.79E-04 8.41E-03 4.97E-01
hsa04110 Cell cycle 9.80E-04 9.76E-03 5.06E-04
hsa04151 PI3K-Akt signaling pathway 9.48E-04 9.76E-03 2.27E-01
hsa05222 Small cell lung cancer 1.15E-03 1.10E-02 4.54E-02
hsa04115 p53 signaling pathway 1.32E-03 1.22E-02 7.02E-03
hsa05200 Pathways in cancer 2.79E-03 2.50E-02 3.63E-02
hsa00562 Inositol phosphate metabolism 3.87E-03 3.34E-02 2.27E-01
hsa05144 Malaria 4.18E-03 3.49E-02 9.35E-03
hsa05164 Influenza A 5.51E-03 4.46E-02 2.72E-02

Note: The third column indicated the p value of the enrichment analysis. The last column indicated the p value of the survival analysis.

Table II. Pathways enriched with differentially expressed genes in samples with or without relapse within 4 years in estrogen

receptor negative patients.

Pathway ID Pathway name p-value FDR Survival p
hsa04725 Cholinergic synapse 1.39E-04 1.80E-02 6.35E-03
hsa00790 Folate biosynthesis 4.85E-04 4.19E-02 2.16E-01
hsa05145 Toxoplasmosis 7.02E-04 4.54E-02 6.62E-03

Note: The third column indicated the p value of the enrichment analysis. The last column indicated the p value of the survival analysis.

Discussion

Progressive pathophysiology of breast cancer is
highly complex. Genome-wide expression profil-
ing is a powerful procedure for investigating the
underlying pathophysiological cascades in breast
cancer patients. However, it is a challenge to cre-

ate a suitable mathematical model to deal with rel-
atively small sample size and large number of
genes'’. Previous gene expression studies for
breast cancer mostly used variance/regression to
identify the DEGs. With this procedure, the true
picture may be blurred by hidden biological ef-
fects which cannot be removed through routine
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normalizing method. Here, we used a PLS based
multivariate linear model to identify DEGs in
sample with or without relapse in both ER posi-
tive and negative patients. Subsequent pathway
analysis was also used to explore underlying
mechanism of recurrent breast cancer.

According to the results, 932 and 771 genes
were identified to be differentially expressed in
samples with or without relapse within 4 years in
ER positive and ER negative patients, respective-
ly. Only 96 DEGs, less than 13% of the total
DEGs, were shared in the two groups and this is
not unexpected since the two groups are biologi-
cally distinct from each other.

For ER positive patients, pathway enrichment
analysis identified 32 pathways enriched with
DEGs. Except for the pathways involve immune
system, several pathways are related with the cellu-
lar processes and environmental information pro-
cessing (Table I). For example, the extracellular
matrix (ECM)-receptor interaction signaling path-
ways were reported to be closely related with breast
cancer. Among the deregulated genes in this path-
way, laminin was shown to play important roles in
regulating cell migration, facilitating tumor inva-
sion's. Type IV collagen is involved in regulation
process of mammary cell proliferation, cell attach-
ment and migration'. Besides, disruption of cell-
ECM interactions is a consistent feature of mam-
mary tumors and cells in vivo and in vitro*?!. Sub-
sequent survival analysis identified 18 of these
pathways which may contribute to the non-recur-
rence rate of patients as time goes after the surgery.
Among them, several pathways are well known to
be related with cancers, such as p53 signaling path-
way (hsa04115) and pathways in cancer
(hsa05200). Besides, identification of the cell cycle
pathway is also reasonable since deregulation of
this pathway may contribute to the malignant pro-
liferation of the tumor cells. As shown in Figure 1,
most DEGs in this pathway are up regulated. Take
CDK1 for example, previous studies have reported
that it is related with tumor aggressiveness and
poor prognosis?*?*. This is consistent with our re-
sults, since CDK/ is up-regulated in patients with
relapse according to our analysis results.

For ER negative patients, only three pathways
were found to be enriched with DEGs and none of
them were shared with the ER positive group
(Table II). The folate biosynthesis pathway
(hsa00790) is noteworthy since dietary folate in-
take has been reported to be protective for ER
negative breast cancer?. Subsequent survival
analysis showed that only the cholinergic synapse

pathway was associated with the non-recurrence
rate of ER negative patients. Detail investigation
of the relationship between cholinergic synapse
and breast cancer are still lacking. However, pre-
vious study showed that parathion, which can in-
duce the hydrolysis acetylcholine at cholinergic
synapses, is an initiator factor in the transforma-
tion process in breast cancer®.

Conclusions

Using a gene expression profile data set from
the GEO database, we carried out a PLS based
analysis to identify DEGs contribute to the recur-
rence pathology of ER positive and negative pa-
tients. Further survival analysis were also imple-
mented to identify pathways closely related with
the non-recurrence rate along time went after
surgery. Our results prove the feasibility of PLS-
based method in detecting disease related genes
with gene expression profile data and facilitate the
disclosure of the molecular mechanism for breast
cancer recurrence.
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