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SUPPLEMENTARY APPENDIX

to

“The prognostic role of a gene signature
from tumorigenic breast cancer cells.”
by
Rui Liu, Xinhao Wang, Grace Y. Chen, Piero Dalerba, Austin Gurney, Timothy Hoey,

Gavin Sherlock, John Lewicki, Kerby Shedden and Michael F. Clarke

Supplementary MATERIALS AND METHODS

Isolation of tumorigenic breast cancer cells (TBCC), non-tumorigenic breast
cancer cells (NTCC) and normal breast epithelium (NBE). ESA"CD44 CD24"*"Lin"
TBCC and CD24 Lin" NTCC were isolated by fluorescence activated cell sorting (FACS)
from either primary malignant pleural effusions (n = 3) or human breast tumors grown as
solid xenografts in immunodeficient NOD-SCID mice (n = 3). Origin and characteristics
of the breast cancer tissue samples used in this study are listed in Suppl. Table 1. All
primary tissue samples were collected under a protocol approved by the University of
Michigan institutional review board (IRB) between 2000 and 2003. Xenograft
implantation and TBCC purification procedures were performed as previously described'.
Normal breast epithelium (NBE) tissue was obtained from reduction mammoplasties.
Tissue samples were processed within an hour after breast reduction surgery. The tissue
3

was cut into small pieces, and the pieces were then minced with a blade to yield 2~3 mm

pieces. After washing with HBSS twice, minced tissue was dissociated with 200U/ml of



type III collagenase (Worthington biochemical corp., Lakewood, NJ) in Medium 199 at
37°C for about 2 hrs. During the incubation, tissue was pipetted every 30 min.
Dissociation was stopped by adding 5% FBS and cells were diluted with Medium-199,
then filtered sequentially through a sterile 100-um nylon mesh and a 40-um cell strainer
(Falcon) to obtain a single cell suspension. Cells were then washed twice with HBSS +
2% HICS (heat-inactivated calf serum). Staining of cells for flow cytometry followed the
procedure described previously'. In brief, except anti-human ESA-FITC was from
Biomeda corparation (Foster City, CA), all the other antibodies including anti-human
CD10-PE, anti-CD45-PE-CyS5, -CD31, -CD64, and -CD140b as well as Streptavidin-PE-
Cy5 conjugate were all purchased from BD pharmingen (San Diego, CA). Dead cells
were eliminated by using 7-AAD (7-aminoactinomycin D, Molecular probes) at 1 pg/ml
of final concentration. Flow cytometry was performed on a FACSVantage (Becton
Dickinson). ESA" and/or CD10", Lin- cells were sorted twice, and the purity of double

sorted cells was >95%.

RNA amplification and microarray analysis. For each sample, 10K to 35K fresh
TBCC or NBE cells were sorted into eppendorf tubes containing 0.9ml of Trizol, up to a
total volume of 1ml. Then, 20ug glycogen (Roche Diagnostic Corporation, Indianapolis,
IN) and 10pg of linear acrylamide (Ambion, Austin, TX) were added to each sample, and
total RNA was extracted following the manufacturer’s protocol. RNA was treated with
1.5ul of RNase-free DNase I (2U/ml, Ambion, Austin, TX) in the presence of 1.5ul
RNase inhibitor (10U/ml, Invitrogen) in 35ul reaction volume at 37°C for 20mins. To

maximize purity, RNA was re-extracted again in Trizol and subjected to a second round



of purification. RNA was quantified with the RiboGreen RNA Quantitation Kit
(Molecular Probes Inc., Eugene, Oregon), and 100ng of total RNA were used in the first
reverse transcription of two consecutive rounds of linear amplification with the protocol
previously described by Baugh et al.? and Iwashita et al. *. Biotinylated cRNA was
fragmented according to the Affymetrix technical manual. 15ug of cRNA from each
sample was hybridized per chip to Affymetrix HG U133 A or B chips. Hybridization,

washing and scanning were done following the manufacturer’s instruction.

Real-time PCR. Differences in gene expression levels identified by microarray
experiments were validated by Tagman real-time PCR (Applied Biosystems, Foster City,
California, USA) on three TBCC samples and one NBE sample. Briefly, cDNA was
prepared from total RNA using the random hexamer method of reverse transcription,
according to the manufacturer’s instructions (Applied Biosystems). In a custom 384 well
low density array format, 96 target gene assays were incorporated for two samples (two
assays were used for a single gene in each sample). Fourteen genes were selected from
the 186-gene signature. B2M (beta-2 microglobulin) was used as endogenous control.
Real-time PCR was performed in triplicate using the comparative Cr method on the ABI
Prism 7900HT Sequence Detection System according to the manufacturer's instructions.
For each loading pool (48 PCR reactions), cDNA synthesized from 40 ng total RNA of

each sample was used as template and reaction volume per spot is 2 pl.

Microarray data normalization. To obtain an expression measure for a given probe

set, the mismatch hybridization values were subtracted from the perfect match values,



and the average of the middle 50% of these differences was used as the expression
measure for the probe set. A quantile normalization procedure was then applied to adjust
for differences in the probe intensity distribution across different chips. Specifically, we
applied a monotone linear spline to each chip that mapped quantiles 0.01 up to 0.99 (in
increments of 0.01) exactly to the corresponding quantiles of a standard chip. The

transform log2 [200 + max(X;0)] was then applied.

Generation of the “Invasiveness Gene Signature” (IGS). A list of genes showing
significant differential expression between TBCC and NBE was generated using
following criteria: 1) the difference of average signal intensity TBCC and NBE must be 2
fold or more; 2) if up-regulated, average signal intensity in TBCC samples must be larger
than 300, compared to an approximate mean of 1000 for each array, and average P value
(present or absent P value) must be smaller than 0.01; 3) if down-regulated, criteria
identical to those described above applied to the expression values from NBE samples
(average signal intensity in NBE > 300, and p<0.01). Genes included in the list were
further selected based on the p-value of a t-test comparing differences in expression
values between TBCC and NBE samples: genes with a p-value > 0.005 were eliminated,
leaving a list of 186 differentially expressed genes. Average expression levels of genes
in the 6 TBCC samples were divided by average expression level of those in NBE
samples, and resulted ratios were transformed into log values and used as expression
levels for genes in gene signature. For cases where expression values from 3 paired
primary TBCC or non-tumorigenic cancer cell (NTCC) samples were used for gene

signature, the log2 ratios of average expression levels in 3 tumorigenic cancer cell or



non-tumorigenic cancer cell samples divided by those in normal breast samples were
used as expression levels for genes in gene signature. False discovery rate (FDR) was
controlled using the Benjamini-Hochberg procedure® ° applied to the p-values of
corresponding t-tests. Using the above criteria, the FDR is less than 5% for the genes in
the list. For Affymetrix arrays, latest annotation files (4/2005) were downloaded from
Affymetrix web site and used for all further analysis. For Rosetta/NKI oligonucleotide
array, Oligo sequences were downloaded from Rosetta website and a blast search was
performed between oligos and sequences from NCBI Genes database to annotate the
array. Array elements from different array platforms were mapped to each other by gene

symbols.

Patient datasets transformation. Patient datasets used in this study were

downloaded from the two following web-sites: http://microarray-

pubs.stanford.edu/wound NKI/ and http://microarray-pubs.stanford.edu/wound. For the

Affymetrix data in the downloaded patient datasets, signal intensity values for each probe
were transformed into log ratios by dividing each value by the average intensity of the
probe across all samples within each dataset. Probes with an average signal intensity
value smaller than 20 across all samples within the dataset were filtered out. If the signal
intensity value for a probe in a given dataset was less than 20, then it was converted to
20. For the three datasets related to early lung cancer, prostate cancer and
medulloblastoma, if a signal intensity value was larger than 16000, then it was converted

to 16000, following the same convention used by other authors °.


http://microarray-pubs.stanford.edu/wound_NKI/
http://microarray-pubs.stanford.edu/wound_NKI/
http://microarray-pubs.stanford.edu/wound

Generation of receiver operating characteristic (ROC) curves. For the generation
of receiver operating characteristic (ROC) curves, the correlation coefficient of each
patient to the gene signature was used as the diagnostic value and the curve was
generated using the GraphPad Prism software, version 4.03 (GraphPad Software Inc., San

Diego, CA).

Supplementary RESULTS

Validation of the differential expression of 1GS genes. Tagman real time PCR was
applied in a custom 384 well low density array format, 96 target gene assays were
incorporated for two samples (two assays were used for a single gene in each sample).
Fourteen genes were selected from the breast tumorigenic gene signature. B2M (beta-2
microglobulin) is used as endogenous control. Real-time PCR was performed in duplicate
arrays for each sample using the comparative CT method.

To validate the differential expression of these 186 genes, we randomly selected 14
genes and performed real time PCR. Due to the limited availability of primary breast
tumor samples, we were able to perform real-time PCR validation in only three TBCC
samples from xenografts and one NBE sample. Eight genes (AMMECRI, PLP2,
MAPK14, HS2ST1, KDELR3, PDESA, ISGF3G and GAPD) were up-regulated in the
gene signature, while the other 6 genes (IRX3, CEBPD, BCL2, GOLGIN-67, MGP, LTF)
were down-regulated. As shown in Suppl. Table 2, in two of the three TBCC samples
(T1 and T2) all 14 genes displayed expression patterns consistent with those observed by

microarray analysis. In the third TBCC sample (T3), expression levels were consistent



with those from microarray data in 8 out of 14 tested genes. Overall, these results showed
that gene expression patterns observed by microarray analysis could be confirmed on
individual tumor samples by real-time PCR, thus indicating that the IGS can be
considered as a reliable depiction of the transcriptional differences between TBCC and

NBE in our sample set.

Functional annotation of the IGS. The IGS contains a list of 186 genes which is
substantially different from other previously published breast cancer gene signatures. The
overall annotation of the 186 genes in the IGS is summarized in Table 1. Based on the
Gene-Ontology (GO) terms to which these genes are annotated, the biological role of 47
genes in the 186-gene signature is unknown. The remaining 139 genes are classified into
more than 20 categories. To evaluate whether the signature was enriched in genes that are
coordinately involved in specific biochemical pathways or cellular functions, we
performed an advanced annotation study using the Affymetrix GO Mining Tool. With a
Bonferroni corrected Chi-square p-value <0.05, the enriched genes were grouped into up-
regulated and down-regulated genes, which were further annotated under three major
categories (see also the supplementary file “Gene Annotation of the 1GS”). Among the
up-regulated genes, we identified three groups with well-documented functions:

1) genes involved in the “Positive regulation of IKB/NFkB cascade”: ECOP,
CASPS8 and TICAM2. ECOP (EGFR Co-amplified and Over-expressed Protein) is a
novel protein that up-regulates NFKB transcriptional activity and promotes cellular
resistance to apoptotic challenge . Overexpression of TICAM2 (also called TIRP) is

reported to activate NFKB and potentiate IL-1 receptor-mediated NFkB activation *.



CASP8-dependent activation of NFKB initiates proliferation of resting T cells °. These
three genes are all involved in NFKB activation. The activation of IkB/NFkB has been
observed in multiple human cancers and is thought to promote tumorigenesis, mainly by
protecting transformed cells from apoptosis'” ''. IkB/NFKB has also been reported to

1213 Up-regulation of this group of

mediate invasion/metastasis in human cancer cells
genes in TBCC is consistent with the concept that the NFkB pathway is likely to play an
important role in tumorigenesis.

2) genes involved in “Receptor signaling protein serine/threonine kinase activity” :
MAPK14 and STK39. Both of them are components of the RAS/MAPK pathway known
to be involved in cell proliferation and growth. Their increased expression in TBCC may
reflect aberrant activation of the RAS pathway, a biological hallmark of multiple cancers.

3) genes involved in “Methyltransferase Activity”: ICMT, ATIC, DNMT3A and
METTL2. ICMT methylates the carboxyl-terminal isoprenylcysteine of CAAX proteins
(e.g., Ras and Rho proteins). In the case of the Ras proteins, carboxyl methylation is
important for targeting the proteins to the plasma membrane. Bergo and his colleagues
found ICMT was required for oncogenic transformation induced by K-Ras and B-RAF'*.
DNMT3A catalyzes CpG methylation on genomic DNA. The role of DNA methylation
in silencing of tumor suppressor genes and cancer transformation is a subject of intense
investigation. DNMT3A and ICMT were about 2-fold elevated in TBCC, implicating
their potential involvement in oncogenesis. METTL2/METL was studied in regulating
NOTCH receptor activation in Drosophila'’. This gene was 3.5-fold elevated in TBCC

suggesting that the Notch pathway, which has been shown to play a role in stem cell self-

renewal, might be dysregulated in TBCC'®.



Interestingly, despite several of the genes up-regulated in the IGS are known to play
key roles in oncogenesis, the majority of the 186 genes included in the IGS remain
poorly characterized. Further in-depth study of these genes may help elucidate additional
mechanisms in the development of breast cancer and shed new light on the biology of

TBCC.

Comparison of IGS and WR prognostic powers. Comparison of IGS and WR gene
signatures was based on the NKI breast cancer patient dataset, since this same dataset
was utilized also by the authors who first described the WR signature'’. The NKI dataset
and all patient information related to the WR signature was downloaded from the original

authors’ web-site (http://microarray-pubs.stanford.edu/wound NKI/). Individual patient

information was mainly retrieved from the “Clinical Data Supplement” Microsoft Excel
file, which contains both correlation values to the WR signature (under column
"Corr_ CSR activated") and patient stratification in “activated” and ‘“quiescent”
categories (under column "WS all Original"). Correlation values were used in receiver
operating characteristic (ROC) curves and univariate/multivariate Cox survival analyses.
Patient stratification in “activated” and “quiescent” categories was used for Kaplan-Meier
survival curves.

To compare IGS and WR signature prognostic power, we first analyzed the ROC
curves of both IGS and WR signatures in predicting tumor metastasis at 5 years. The test
was performed on a group of 262 breast cancer patients, selected from the 295 patients
included in the NKI database based on the availability of up to 5 years complete follow-

up information. We found that the ROC curves of the IGS and WR signature have very


http://microarray-pubs.stanford.edu/wound_NKI/

similar area under the curve (AUC) values (Suppl. Fig. 3), indicating that IGS and WR

signatures have similar prognostic potential. We also performed a univariate Cox survival
analysis using the IGS and the WR signatures on the same group of 262 tumors, which
showed that the two signatures were associated with very similar prognostic power:
hazard ratio (HR) per 0.1 correlation = 1.5 (p = 2.4*107) and 1.4 (p = 2.9%107),

respectively (Suppl. Table 3a).
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