
Supplemental material S3: Integrative mixture of experts to

combine clinical factors and gene markers

Biological relevance of Prostate, Breast and CNS data sets

We further analyzed the biological relevance of the selected p∗ genes that were integrated with
the clinical factors in our integrative ME model (see Supplemental Tables S4-6). The most
relevant genes for each data set are presented in Table 1 and are discussed below.

Additional information on prostate data regarding the sPLS gene selection. Fur-
thermore sPLS methods selected interesting genes amongst them STIP1, OGN and ITGB4 could
be of relative importance. Stress-induced phosphoprotein 1 (STIP1) is overexpressed in hepa-
tocellular carcinoma (Sun et al., 2007) and involved in pancreatic cancer invasion (Walsh et al.,
2009). The osteoglycin (OGN) is underexpressed in colorectal adenoma and cancer and has
recently been proposed as a potential biomarker for colorectal cancer detection (Wang et al.,
2007). Integrin beta 4 (ITGB4) is a member of integrin proteins mediating cell adhesion. Its
downregulation is critical to the ability of tumor cells to disseminate (Howard et al., 2008).

Breast data. The genes selected by the different proposed approaches are related to cell cy-
cle, metabolism, and tumor invasion. Some of these genes have already been integrated in the
poor prognosis signature in breast cancer (van’t Veer et al., 2002) and other should be care-
fully considered due to their roles. Amongst them, protein regulator of cytokinesis 1 (PRC1)
is one the most frequently selected gene. This gene is necessary for cytokinesis and highly ex-
pressed in breast cancer tissues and, on the contrary, barely detectable in any normal human
tissues. Downregulation of PRC1 by treatment with siRNA suppresses the growth of breast
cancer cells, indicating that it could be a promising molecular target of breast cancer (Shimo
et al., 2007). The Insulin Growth factor binding protein 5 (IGFBP5) is a member of the IGFBP
family that binds to insulin-like growth factor IGF. IGFBP5 has been shown to either stimulate
cell growth (Salih et al., 2004), migration (Abrass et al., 1997) or cell attachment to extracellular
matrix (McCaig et al., 2002). However, numerous studies of breast cancer tissues demonstrated
that IGFBP5 mRNA level was significantly upregulated and was associated with metastasis
(Nishidate et al., 2004) and a poor prognosis (van’t Veer et al., 2002; Li et al., 2007). Phospho-
glycerate kinase1 (PGK1) is not only an ATP-generating enzyme of the glycolytic pathway, but
is also a multifunctional molecule. For example, PGK1 can affect DNA replication and repair in
mammalian cell nuclei (Popanda et al., 1998) and is secreted by tumor cells to control the an-
giogenesis process (Lay et al., 2000). Recently, PGK1 has been found overexpressed in a variety
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Table 1: Most relevant selected genes with a potential biomarker status. Expression level in subjects with respect to class
’recurrent’ or ’dead’ is indicated: overexpressed (+), underexpressed (-).

Gene Name Symbol Level Gene selection
method [rank]

Link to cancer

B
re

as
t Insulin-like growth factor binding

protein 5
IGFBP5 + t-test[1,3],

RF[5,8,13],
sPLS[1,3]

Nishidate et al. (2004); van’t Veer et al.

(2002); Li et al. (2007); Mita et al. (2007)

Phosphoglycerate mutase 1 PGK1 + t-test[2], RF[11],
sPLS[2]

Duan et al. (2002); Hwang et al. (2006);
Zhang et al. (2005); Zieker et al. (2008)

Protein regulator of cytokinesis 1 PRC1 + t-test[5], RF[12],
sPLS[5]

Shimo et al. (2007)

E2F transcription factor 1 E2F1 + t-test[13] Zhang et al. (2000); Vuaroqueaux et al.

(2007)
Adrenomedullin ADM + RF[6] Oehler et al. (2003)

C
N

S

High mobility group AT-hook 1 HMGA1 + t-test[2], RF[8],
sPLS[2]

Liau et al. (2008)

V-myb myeloblastosis viral onco-
gene homolog (avian)-like 2

MYBL2 + t-test[6] Raschella et al. (1999)

Carcinoembryonic antigen-related
cell adhesion molecule 6

CEACAM6 + RF[2] Maraqa et al. (2008)

Ras homolog gene family, member
C

RhoC + sPLS[3] Boone et al. (2009)

Heat shock 70kDa protein 9 HSPA9 + RF[4] Dundas et al. (2005)
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of cancers, such as renal, pancreatic carcinoma and multi-drug resistant ovarian cancer (Duan
et al., 2002; Hwang et al., 2006). It is also considered as a marker for peritoneal dissemination
in gastric cancer (Zieker et al., 2008), as well as a potential target in highly invasive HER-2/neu
breast cancer (Zhang et al., 2005). E2F transcription factor 1 (E2F1) plays a crucial role in the
control of cell cycle and action of tumor suppressor proteins. Overexpression of E2F-1 mRNA
was observed in 40% of gastric carcinomas and in 60% of colorectal adenocarcinomas. Zhang
et al. (2000) discovered that E2F-1 expression could be involved in breast tumor progression.
Recently, E2F-1 transcript level has been identified as a strong predictor of breast cancer out-
come (Vuaroqueaux et al., 2007). Finally, adrenomedullin (ADM) is synthesized and is secreted
from many mammalian tissues. It has been implicated as a mediator of several diseases such as
cardiovascular and renal disorders, sepsis, inflammation, diabetes and cancer. Increased expres-
sion of ADM peptide has been reported in numerous tumors and is associated with poor overall
outcome in breast cancer (Oehler et al., 2003).

CNS data. Combining genes profiles with clinical data could help identify and define some
important markers for medulloblastoma outcome. Numerous genes not yet associated with
medulloblastoma outcome have been selected. Those genes are related to metabolism, signaling
pathways and oxidative stress.
The high mobility group HMGA1 protein play a role in chromosomal organization and gene
transcription regulation. HMGA1 overexpression represents a common feature of human ma-
lignant tumors including thyroid, breast, ovary and prostate. Recently, HMGA1 expression
has been suggested to promote genomic instability (Takaha et al., 2002). HMGA1 promotes
tumorigenicity and is an independent predictor of poor postoperative survival in patients with
pancreatic adenocarcinoma (Liau et al., 2008). Carcinoembryonic antigen-related cell adhesion
molecule 6 (CEACAM6) is an adhesion molecule, which is overexpressed in a number of human
malignancies including pancreatic cancer, gastrointestinal cancer and breast cancers (Scholzel
et al., 2000; Blumenthal et al., 2007). Recently, Maraqa et al. (2008) proposed CEACAM6 as a
powerful predictor of future recurrence in breast cancer. Ras homologous (Rho) family GTPases
play a pivotal role in the regulation of numerous cellular functions associated with malignant
transformation and metastasis. RhoC, which was selected by sPLS(3b) is overexpressed in car-
cinoma tissues and high RhoC expression is correlated with tumor progression and metastasis in
numerous cancer (Wang et al., 2009; Boone et al., 2009). MYBL2 is a nuclear protein involved
in cell cycle progression, cell proliferation, differentiation, and survival. Its overexpression has
already been reported in cell lung carcinomas (Hibi et al., 1998). Raschella et al. (1999) demon-
strated that its expression is a useful prognostic marker in human neuroblastoma. HSPA9 is
a member of the heat-shock protein 70 family involved in cell cycle regulation with important
roles in cellular senescence and immortalization pathways. HSPA9 expression level has been
found to be correlated with a poor survival in colorectal adenocarcinomas (Dundas et al., 2005)
and with early liver tumors recurrence (Yi et al., 2008).
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