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The landmark breast cancer metastasis study by van't Veer, et al. 2002. Nature (415) 530-536 identified a
70-gene signature derived from microarray analysis of 117 patients that was strongly predictive of a
short interval to distant metastases (‘poor prognosis' signature) in patients without tumor cells in local
lymph nodes at diagnosis (lymph node negative). We applied Literature Lab™ analysis on this gene
signature to identify significantly associated pathways, thus offering a modern perspective based on the
current PubMed content and Literature Lab™ analytics. Published gene signatures derived from
microarray data from lung and bone metastatic tumors were then analyzed using Literature Lab™ and
significant pathways were identified and compared. The Id signaling pathway showed a strong
association with lung while the CXCR4 pathway was strongly associated with both lung and bone, results
well supported in the literature. Importantly, Literature Lab™ identified the IL1 pathway, which was
exclusively associated with lung, and the CCR5 pathway. which was significantly associated with lung
and bone. The unexpected associations of these immune factor pathways and their roles in the lung and
bone metastatic microenvironments indicate potential novel areas for future investigations. Moreover,
these results and others showcase the powerful capabilities of Literature Lab™ as a genetic analysis
platform that can offer validation and uncover meritorious functional associations missed by other
genetic analysis tools.
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The Literature Lab™ basic viewer is shown above with co-occurrences tabulated between diseases (breast,
lung, bone neoplasms; y-axis) and pathways (x-axis). The pathways are ranked by the strength of their
associations in the literature with Carcinoma, Ductal, Breast from highest strength association according to LPF
(log of product of frequency). Blue dots hyperlink to the genes associated in the literature with the disease or
pathway. All other data is hyperlinked directly to the PubMed literature.
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The log of product of frequency (LPF) is a quantitative measure of the strength of association based on the
fractional co-occurrence between a term/gene and a term. The Literature Lab™ basic LPF is defined as
Log(X/T1 x X/T2), where X/T1 is the percentage of abstracts that mention the first term and X/T2 is the
percentage of abstracts that mention the second term. The Literature Lab™ PLUS LPF is defined as Log(X/G x
XIT), where X/G is the percentage of gene abstracts that mention the term and X/T is the percentage of term
abstracts that mention the given gene. The LPF is not sensitive to abstract volume and the closer to zero the

stronger the association.

Literature Lab™ PLUS was employed to analyze a 70-gene signature derived by DNA microarray analysis on
primary breast tumors of 117 young patients. This gene expression signature is strongly predictive of a short
interval to distant metastases (‘poor prognosis' signature) in patients without tumor cells in local lymph nodes at
diagnosis (lymph node negative).

4 : - : . D
Gene expression profiling predicts clinical outcome of breast cancer

Laura J. van 't Veer, et al.Nature415, 530-536 (31 January 2002)

Breast cancer patients with the same stage of disease can have markedly different treatment responses and
overall outcome. The strongest predictors for metastases (for example, lymph node status and histological
grade) fail to classify accurately breast tumours according to their clinical behaviour. Chemotherapy or
hormonal therapy reduces the risk of distant metastases by approximately one-third; however, 70-80% of
patients receiving this treatment would have survived without it. None of the signatures of breast cancer gene
expression reported to date allow for patient-tailored therapy strategies. Here we used DNA microarray analysis
on primary breast tumours of 117 young patients, and applied supervised classification to identify a gene
expression signature strongly predictive of a short interval to distant metastases (‘poor prognosis' signature) in
patients without tumour cells in local lymph nodes at diagnosis (lymph node negative). In addition, we
established a signature that identifies tumours of BRCA1 carriers. The poor prognosis signature consists of
genes regulating cell cycle, invasion, metastasis and angiogenesis. This gene expression profile will outperform
all currently used clinical parameters in predicting disease outcome. Our findings provide a strategy to select
\patients who would benefit from adjuvant therapy.
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The P-value and other measures of statistical significance are used to derive the strength of association. The
heuristics involved reward associations for representation of more genes in a set and downgrade associations
driven by sparse data. The qualifier criteria can be adjusted according to experimental goals but typically
default values are used for straight forward analysis. Importantly, Literature Lab™ is the only platform that
treats each gene list (and gene) as unique and finds significant associations in literature based on LPF and
statistical qualifiers. Other methods search for associations between an experimentally derived gene list and
pathway or domain information within curated databases, without regard for the uniqueness of each gene set.

The “Highlights’ tab displays the MeSH term domains that were used in the analysis (left column of left panel)
and the number and strength of associations that were identified based on the qualifiers (right side of left
panel).The right panel displays the identity of the associations, the score, and the p-value. Strong (green),
Moderate (blue), and Positive (pink) pathway associations are shown:
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Shown above are the pathway associations in the ‘Details’ tab of the Literature Lab™ PLUS viewer. Down the
y-axis are the qualifiers used to establish the strength of associations including: the number of gene abstracts,
the number of term abstracts, the number of non-zero genes, the log of product of frequency, the number of
random sets, the term rank, the score, the p-value, etc. Also shown is the list of genes and their relative
contribution to the LPF with hyperlinks directly to the literature. Across the x-axis are the associations, which
can be ordered by any of the rows on the left column. (Note: shown is a truncated list of genes and pathway
associations).

The paper discussed functional annotation for the genes in the 70-gene signature, which provided insight into
the underlying biological mechanism leading to rapid metastases. Genes involved in cell cycle, invasion and
metastasis, angiogenesis, and signal transduction are significantly upregulated in the poor prognosis signature
(for example cyclin E2, MCM®6, metalloproteinases MMP9 and MP1, RAB6B, PK428, ESM1, and the VEGF
receptor FLT1.

Literature Lab™ PLUS found a number of associations between the signature and these gene pathways (e.g.
VEGF, Metalloproteinases, etc.). Interestingly, some pathways are not significantly associated as indicated by
the qualifier scores (e.g. MCM6, RAB6B). In the paper, the authors do not detail a comprehensive annotation of
all of the genes in the signature. A powerful aspect of Literature Lab™ PLUS is that it treats each gene in the
signature as unique and derives a statistically significant association of the entire signature based on scoring
parameters. Another important aspect to note is the difference in dates of this published work (1/2002) and the
current build of the Literature Lab™ database (3/2015). Undoubtedly, there has been a progression in published
papers following the role of certain genes in specific pathways, thereby leading to an increase in the strength of
association during this time. Likewise, other gene/pathway associations have not been as fruitful and therefore
the strength has likely diminished.
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Clustering analysis on the significant terms and the genes in the70-

Literature Lab™ PLUS ‘Term/Gene Cluster’ tab. Eight clusters of
and three of these and their associated heat maps are shown below.

gene signature was then explored using the
genes with related function were identified

Cluster 2

Chromosomal Proteins, Non-Histone

Retinoblastoma Binding Proteins
Nucleoproteins

G2/M Checkpoint
Origin Recognition Complex
Bromodeoxyuridine

Emphysema

E2F1 Transcription Factor

Heterochromatin

DNA Replication
Autoantigens

Cell Cycle Proteins
Replication Origin
Replicon
Deoxyuridine
Nucleosomes
Chromatin

@
@
®

=
=
=
]

E

Cell Cycle

MS4A7(GID:58475)/**MS4A7 -
FBX031(GID:79791)/**FBX031
ECT2

DTL(GID:51514)/**DTL
NUSAP1

CCNE2

CDCA7

RFC4

ORC6/ORC6L

LIN9

S-Phase Kinase-Associated Proteins

Antigens, Nuclear

Proliferating Cell Nuclear Antigen
Proteolysis

F-Box Proteins
Ubiquitin Mediated Proteolysis

Chromosomes, Artificial

Receptors, TIE

Receptor, TIE-2

Cluster 3

rcogene Proteins c-myb

navirus E7 Proteins
nscription Factors

astoma Protein

- s B & =

Cell Nucleus Division

Prometaphase

G1/S Checkpoint
Microtubules

G1Phase
Cyclin

Cell Division
Aurora Kinase
Papillor

E2F Tra
Proto-Oi

MS4A7(GID:58475)/**MS4A7
FBX031(GID:79791)/**FBX031
ECT2

NUSAP1

CCNE2

CDCA7

LIN9

Cluster 6

Matrix Metalloproteinases, Membrane...

Actomyosin

Matrix Metalloproteinase 14
cdc42 GTP-Binding Protein

p21-Activated Kinases
Locomotion

Cell Movement
Movement

matrigel

DIAPH3

MELK

EXOC7

RAB6B

CDC42BPA

LAMTOR3

AP2B1
AKAP2(GID:11217)/**AKAP2

Clusters 2 and 3 are related to cell cycle associated pathways including G1 phase, cyclins, mitosis,

microtubules, as well as signaling pathways well documented with

tumor proliferation including, aurora kinase,

retinoblastoma, E2F, and C-MYB, etc. Cluster 6 is related to pathways associated with tumor metastasis
including, matrix metalloproteases, CDC42, etc. The heat maps are an indicator of strength of association of
each clustered gene with a pathway, and each box is hyperlinked directly to the PubMed literature.
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The landmark paper authored by van’t Veer et. al. defined a prognostic 70-gene signature that identifies the
metastatic potential of breast tumor cells. This signature was originally associated with several cell growth,
metastatic, and angiogenesis pathways.

We next wanted to compare pathway associations between this 70-gene metastatic signature and two signatures
linked with metastasis targeted to two organ systems: 1) lung and 2) bone. The goal was to identify pathways
that are related to the distinction between basic metastatic potential and metastasis targeted to specific tissues,
i.e. lung and bone.

In the paper entitled Genes that mediate breast cancer metastasis to lung (Andy J. Minn, et al. Nature 436,
518-524. July 28 2005), the authors define a 95-gene signature indicative of aggressive lung metastatic behavior
by means of transcriptomic microarray analysis of highly and weakly lung-metastatic cell populations. The
genes in this signature were largely distinct from those identified in bone metastatic isolates derived from the
same parental line (see below).A 54-gene subset of this signature, which was more similar to the lung metastatic
populations selected in vivo and postulated to serve specialized lung-related function, was selected as a refined
signature. Included are genes associated with: EGF and HER/ErbB signaling, MMP1 and MMP2 matrix
metalloproteases, and the IL13Ra2 and VCAML1 receptors, the latter indicating specific roles in the lung tumor
microenvironment.

In the paper entitled A multigenic program mediating breast cancer metastasis to bone (Yibin Kang, et al.
Cancer Cell 3, 537-549. June 2003), the authors define a 102-gene signature indicative of osteolytic bone
metastasis by means of microarray analysis of highly and weakly bone-metastatic cell populations. Most of
these genes encode osteolytic and angiogenic factors and interestingly, none of the genes in the signature
overlap with those in the van’t Veer signature.

Using the gene list comparison tool, Literature Lab™ PLUS identified several pathways that are associated with
all three of the gene lists, including those involved in angiogenesis, cell adhesion, and apoptosis.

1 2 3 SCORE
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We then looked at specific pathways that were identified in the previous papers as uniquely indicative of either
lung or bone metastasis. Previous work identified gene combinations that act synergistically to promote lung
metastasis including: ID1, SPARC, IL13Ra2, VCAM1, MMP2, MMP1, CXCL1, EREG, and COX2.Whereas,
genes that were identified as promoting bone metastasis include: 1L11, OPN, CXCR4 and CTGF.

CCRS| 15

The Id Signaling pathway (ID1, inhibitor of DNA binding), previously identified as being significantly
upregulated in lung metastasis, shows a predictably strong association with the lung metastasis gene set here.
Interestingly, while IL1 is an inflammatory cytokine expressed by macrophages typically associated with
infection, it shows a moderate association exclusively with the lung metastasis gene set. “Educated”
macrophages often arise in response to the tumor microenvironment, and the exclusive moderate association
between IL1 and lung metastasis may indicate a promising potential area of investigation.

Recent research has also pointed to the critical role that CXCR4 receptor and its ligand CXCL12 play in the
metastasis of various types of cancer. Lung, bones and lymph nodes all secrete high levels of CXCL12, which
acts as a chemoattractant that drives CXCR4-positive primary breast tumor cells towards these secondary
metastatic sites. Therefore, it is not unexpected that the lung and bone gene lists show strong associations with
CXCRA4. It is however interesting that CCR5 shows a moderate association with these gene lists.CCR5 is
predominantly expressed on T cells, macrophages, dendritic cells, eosinophils and microglia, and it is likely that
CCRS5 plays a role in inflammatory responses to infection, though its exact role in normal immune function is
unclear. CCR5 may be another emerging player in the tumor metastasis microenvironment area that warrants
further investigation.

PLK3 (Polo like kinase 3) is a cytokine inducible serine/threonine kinase that has been implicated in a number
of cancers including breast cancer. The fact that it is strongly associated with the bone metastasis gene set, to a
significantly greater degree than the other two gene sets, implies that there is a focus on the role of PLK3 in
bone metastatic cancer. Likewise, PLK3 may be yet another promising target for further investigation.
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We next used the Literature Lab™ gene set comparison feature to compare the lung and the bone gene
signatures and to identify pathways that are significantly different between the two.ID Signaling is moderately
different according to the statistical data and qualifiers, consistent with our earlier result. Interestingly, there are
a number of pathway differences (e.g. Fatty Acid Biosynthesis, Multi-Drug Resistance, Colorectal Cancer,
Nitric Oxide, etc.), which may be useful in further characterizing these metastatic subtypes and helping to drive
hypotheses and future studies.
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PTGS2 32308 || 94.29%) 2.93%i 76.19%) 0.89%] 0.17%] 1.89%) 91.85%] 26.86% 84.35%) 1.95%] 2.40% 0.94%
MMP2 19379[["] 0.43%] 0.74%] 0. 17%] 0.25%] 1.49%) 2.32% 0.53%] el 0.02%| 0.22%
YCAML 9579 0.53%] 0.09%] . 23%) 0. 10%] 86.87% 4.34%) 8.94% 2.23% . 41%| 0.03% 0.11%
CXCR4 9463/9463|[ || 0.04/4.19%| 2.19/51.70%| 1.34/29.97%| 0.02/3.22%| 0.76/60.12% 0.11/4.48%| 0.48/12.03%| 0.25/23.81%| 3.75/47.17%| 0.00/0.74%| 0.17/7.32%
MBP! GID:41552{**MBP 7247|[] 0.07%] 0.08%] 0.02%] 0.25%] 1.40%| 0. 10%] 0.78%] 0.00%| 0.03%
MMP1 5502/5502 || 0.40/37.99%|  0.04/0.89% 0.02/1.40%] 0.19/7.71%|  0.10/2.53%| 0.29/27.42%] -/ -| 0.03/6.96%| 0.08/3.38%
CASP1L 4554 | 0.10%] 0.25% 0.04%] 13.24% 0.07% %) 0.01% .03%
TNC{GID: 337 1){**TNC 3712][] 0.01%; 0.03% 0.11%] 0.08%| 2= .05%
CTGF 3607 13.60% 2. 0.09 7.89%) 2.07%] 10.61% 3
CXCL1 3018|[ 0.17%] 0.12% 11.37% 45.35%) 4.39%) 0.02%| 0.06%
SPARC 2596 0.02%] 0.01% == 0.02%] 0.01%] 0.01%| 0.00%
EPHX1 2326 2.92%) 0. 0.00%] 04% 5.69% 93.23Y 0.51%
L1l 2004} 3.81%) 0.27%) 22.11%] 0.93%) 1.19%
FST 1812|[ 1.21% = 1.53% ._] 0.05%

Summary

The Literature Lab™ basic platform allows exploration of the PubMed database, highlighting co-occurences
such as disease vs pathway, or co-morbidities i.e. disease vs disease. Breast, lung, and bone neoplasms were
compared with pathways ranked according to strength of co-occurrence or LPF. The Literature Lab™ PLUS
platform allows the identification of statistically significant associations between gene lists and term domains in
the PubMed literature. In the 70-gene signature from the van’t Veer study, strong, moderate, and positive
associations were linked with several hallmark pathways of metastasis, a result shared with the lung and bone
gene signatures.

Interestingly, the gene set comparison feature highlighted several pathways specific to either lung or bone, or
shared by both. This indicates that there are pathways specifically associated with these tumor metastatic
microenvironments that may suitable for targeted investigations and potential therapeutic development.
Moreover, there were several other pathway associations not typically associated with metastasis that may be
fruitful for future investigations. This latter result highlights the hypothesis generation potential of the Literature
Lab™ platform.

Nature 415, 530-536 (31 January 2002) doi:10.1038/415530a © 2015 Acumenta Biotech www.acumenta.com



u@

The literature record within PubMed is too vast (>20 M publications to date) to permit comprehensive
interrogation and identification of actionable associations. Over 4 M abstracts mention one or more
human genes and modern high content genomic technologies are producing data at rates that outpace
meaningful interpretation. Acumenta Biotech has created Literature Lab™, the only literature mining-
based platform that identifies statistically significant associations between gene lists and key concepts in
the literature. At the basic level, Literature Lab™ can explore co-occurrences between term domains, e.g.
diseases versus pathways. At a more rigorous level, Literature Lab™ PLUS interrogates gene lists,
including those derived via high content platforms, and scores the strength of each gene set / term domain
association and significance based on 1000 random gene list comparison. It respects the uniqueness of
each gene set and returns consistent and unique results. Literature Lab™ identifies significant
associations in a time efficient manner and reveals concepts and relationships in the literature that other
gene analysis platforms cannot.

Damon Anderson, PhD The best way to see the power and benefits of Literature Lab™
Application Scientist directly is to send us a gene list for complimentary analysis.
412-901-7785 Click here to register for a complimentary analysis or to be notified
danderson@acumenta.com about upcoming Literature Lab Webinars.
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