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Abstract
High-throughput genomic data for both lung development and lung cancer continue to accumulate.
Significant molecular intersection between these two processes has been hypothesized due to overlap
in phenotypes and genomic variation. Examining the network biology of both cancer and
development of the lung may shed functional light on the individual signaling modules involved.
Stem cell biology may explain a portion of this network intersection and consequently studying lung
organogenesis may have relevance for understanding lung cancer. This review summarizes our
understanding of the potential overlapping mechanisms involved in lung development and lung
tumorigenesis.
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Introduction
Lung cancer continues to be the leading cause of cancer-related mortality in both women and
men in the world with an estimated 160,390 deaths in the United States alone in 2007.1,2 Lung
cancer comprises two primary histological subtypes: small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC), which account for approximately 13% and 86% of lung
cancers respectively. NSCLC is further subdivided into at least three histologic subtypes:
adenocarcinoma (ADC), squamous cell carcinoma (SCC) and large cell carcinoma (LCC).3
SCLC has a more aggressive biology than NSCLC and is characterized by early metastatic
spread. Despite initial sensitivity to chemotherapy and radiotherapy, overall five-year survival
in SCLC patients is less than 5%.4 Outcomes for NSCLC are significantly better for stage I
and II disease if successfully treated with surgical resection, but similarly dismal for more
advanced disease stages.

Genomic profiling directed at characterizing gene expression, SNP genotypes, methylation
status and microRNA profiles has provided a wealth of information at the molecular level for
lung cancer. Many of these studies have provided new insight into potential molecular
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classifiers of patient outcome. While originally thought to be illuminating in terms of biologic
understanding, this unfortunately has not turned out to be true to the degree originally
suspected. SNP (single nucleotide polymorphism) genotyping has provided information
regarding CNV (copy number variation) regions that may harbor alterations relevant for
NSCLC, but few if any have yet to be functionally demonstrated as important for disease
initiation or progression. Gene expression profiling has given us many genes up or down in
disease states, but again few have been shown to be clearly functionally relevant to the
tumorigenic process. Micro RNA alterations, particularly those related to the let 7-ras story,5
have potential functional relevance and there are likely many more waiting to be discovered.
Projects such as the Cancer Genome Atlas, jointly funded by the NCI and NHGRI
(http://cancergenome.nih.gov), promise to provide an ongoing wealth of genomic data for lung
cancer that will take many years to fully interpret in a functional context.

One of the interesting findings to date from lung cancer genomic data is the overlap between
developmental gene networks and those that appear to be altered in cancer. One hypothesis
from this observation is that many of the biological networks utilized during lung
organogenesis are those that also go awry in the initiation and progression of lung cancer. This
would suggest direct relevance for understanding cancer through organogenesis and vice versa.
6 Recent observations suggesting the presence of adult stem cells in solid organs and the
possibility that cancers may arise from these cell types adds further relevance to potential onco/
devo links in the lung.7

This review summarizes our understanding of the potential overlapping mechanisms involved
in lung development and lung tumorigenesis. We explore a number of angles relevant to the
issue, including individual signaling pathways, biological networks, and the role of stem cells
in development and cancer.

Genomic Alterations in Lung Development and Cancer
Hypotheses abound regarding the possible role for embryonic developmental programs in
tumorigenesis. Gene expression profiling tools have recently been used to address the extent
of overlap between lung developmental programs and lung cancer circuitry.8 Borczuk et al.
identified gene marker sets associated with lung tumor histology and determined the expression
of murine orthologues of these genes in normal mouse lung development.9 They demonstrated
that adenocarcinoma markers appeared to be expressed late in mouse lung development and
were associated with differentiation and glandular formation. Large-cell gene markers were
expressed earlier in mouse lung development and were predominantly associated with
proliferation and cell cycle processes. Bonner et al.10 investigated changes in gene expression
profiles during lung development and identified four patterns of expression and mapped the
developmental genes to three primary regulatory pathways involved in lung tumorigenesis:
wnt/β-catenin signaling, cell cycle and apoptosis. In another study, Bonner et al.11 performed
gene profiling analysis on various lung tissues. They identified potential oncogenes and tumor
suppressors based on the comparison of the expression patterns with the gene profiles of lung
development and suggested an association at the molecular level between murine lung
tumorigenesis and lung development.

Kho et al.6 have provided compelling data to support common mechanisms underlying lung
development and primary tumorigenesis through cross-organ analyses. Adopting a similar
principal component analysis method, Liu et al.12 compared gene expression profiles from
186 patients representing four different lung cancer subtypes with the gene expression
signatures collected from mouse lung development models. First, they described a temporal
analysis of the significantly different lung cancer genes in murine lung development and
demonstrated that murine orthologs of genes that are upregulated in human lung cancers tend
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to have an expression profile that is decreasing with time during mouse lung development.
Conversely, genes that are largely downregulated in lung cancers tend to have a monotonically
increasing expression profile during mouse lung development. This trend is consistent with
that observed in other studies9,10 and has been further validated by a recent study of Kpantzev
et al.13 who directly compared gene expression profiles in human non-small cell lung
carcinomas with those from human fetal lung development. Secondly, genomic level
associations between human lung cancer subtypes and mouse lung development stages were
established through projection of normal lung and lung cancer genomic profiles onto a genomic
mouse lung developmental framework. This framework was constructed from a 596 gene
signature derived from a subset of 3,590 unique genes whose expression varied significantly
both in lung tumors and during lung development. As expected, normal human samples were
most similar to late mouse lung development stages. In placing samples from three human lung
cancer subtypes along this timeline, the most aggressive malignancy, SCLC, appeared the
earliest, followed by squamous carcinoma and then adenocarcinoma, reflecting their five-year
survival rates. Specifically, the earlier the genomic association between a human tumor profile
and the mouse lung development sequence, the poorer the patient’s prognosis. Thirdly, the
most enriched molecular pathways in the top 100 most heavily weighted genes of the lung
onco/devo signature (596 genes) were identified as being involved in pyrimidine metabolism
and the cell cycle. While the pathways represent general biological processes for both lung
cancer and lung development, it will be relevant to explore the projection of the signature genes
to those pathways that are important to cell fate decisions in the developing lung and their
contribution to malignancies. These findings are intriguing as they provide further supportive
evidence for lung cancer-development associations that suggest a potential developmental
basis for lung cancer classification and prognosis. Figure 1 illustrates an integrated view of our
understanding of the associations between lung development stages, lung cancer subtypes and
survival rate.

Recently described genomic datasets derived from other technology platforms have provided
further opportunity to explore links between lung development and cancer. A recently
published study by Weir et al.14 examining CNV in lung adenocarcinomas is the largest dataset
to date utilizing SNP genotyping for studying a lung cancer genome. In a preliminary analysis
of the developmental overlap with this data, we have extracted the genes identified in the richest
regions of amplification and deletion and mapped these to genes known to be variant in
expression levels from both lung development and cancer based on the Liu dataset.12 This
approach yielded a number of genes with clear copy number variation in lung ADC and
correlating alterations in gene expression that are reflected in genes varying over the time
course of lung development. Figure 2 shows a schematic of this overlap. Integrated genomic
analyses such as this have the promise of pointing toward true functional alterations in disease
states with a higher degree of confidence than from data derived on a single genomic platform
alone.

MicroRNAs (miRNAs) are small noncoding RNAs thought to be involved in physiologic and
developmental processes by negatively regulating the expression of target genes. MicroRNAs
regulate gene expression by resulting in direct cleavage of targeted mRNAs or inhibiting
translation through complementary sequences to targeted mRNAs at the 3' untranslated regions
of their respective targets. Recently, evidence is emerging for specific miRNAs with
involvement in both lung development and lung cancer. The miR-17-92 cluster, which
comprises seven miRNAs in intron 3 of the C13orf25 gene at 13q31.3, is markedly
overexpressed in lung cancers, particularly SCLC.15 Expression of the miR-17-92 cluster is
high at early stages of lung development, but declines as development proceeds. Conditional
overexpression of the miR-17-92 cluster targeted to the lung in mice results in abnormal lung
development with hyperproliferation and diminished differentiation of distal epithelial cell
lineages.16 Mice harboring a targeted deletion of miR-17-92 die shortly after birth with lung
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hypoplasia and cardiac anomalies.17 As the volume of miRNA data for both lung development
and cancer continues to grow, further insights with onco/devo overlap are likely to be
discovered.

Stem Cells in Development and Cancer
Stem cells are vital to all stages of life, yet the specific roles that stem cells play during different
stages of ontogeny change considerably. During early embryogenesis, pluripotent stem cells
differentiate to give rise to the three germ layers that establish the basic vertebrate body plan.
18 As development proceeds, distinct subsets of stem cells emerge to orchestrate the
construction of tissues and organs. These processes are often incomplete at birth and carry over
into postnatal life. Once tissues are fully established, stem cells undergo a fundamental change
as their role turns from one of tissue building to one of tissue maintenance and repair, which
persists throughout adult life. Although best exemplified in the hematopoietic system,19 the
existence of hierarchical relationships between stem and progenitor cells is emerging as a
common feature of other tissue-specific stem cell compartments.

Cells with long life spans are intuitively more likely to accrue the requisite number and variety
of genetic alterations necessary to acquire full tumorigenic capacity.20 The cancer stem cell
(CSC) hypothesis has arisen from observations that neoplastic clones are maintained
exclusively by rare fractions of cells with stem cell properties. Not only is the existence of
CSCs in human leukemia well established,21 the identification of CD133+ human colon
CSCs22 and brain tumor CSCs23 provide further evidence for the potential existence of CSCs
in solid tumors. A tumor can be viewed as an aberrant organ initiated by a CSC that acquired
the capacity for indefinite proliferation through accumulated mutations.21 Both normal stem
cells and tumorigenic cells have extensive proliferative potential and the ability to give rise to
new (normal or abnormal) tissues. Both tumors and normal tissues are composed of interacting
heterogeneous combinations of cells, with different phenotypic characteristics and different
proliferative potentials. This suggests that CSC undergo processes that are analogous to the
self-renewal and differentiation of normal stem cells. Thus, the principles of normal stem cell
biology may be applicable to understand better how tumors develop.24

Recent observations by Kim et al. have ignited interest in the potential role of adult stem cells
in lung development, injury and repair, and as a potential cell of origin for tumor initiation.
25 A rare population of bronchioalveolar stem cells (BASCs) was described at the
bronchoalveolar duct junction in adult mice. BASCs harbor both the alveolar epithelial type II
(AT2) cell marker, surfactant protein C (SP-C), and the Clara cell marker, Clara cell secretary
protein (CCSP or CC10). They were identified and purified by FACS based on being positive
for Sca-1 and CD34, and negative for CD45 and CD31. This population retained the double
positive staining characteristics for SP-C and CC10 with serial passage in culture. BASCs
demonstrated resistance to naphthalene-induced lung injury and increased in number during a
period of bronchiolar epithelial repair. Interestingly, BASC populations demonstrated early
expansion in mice harboring an oncogenic K-ras mutation. Viable BASCs were maintained
through multiple passages in vitro under distinct culture conditions, and retained the ability to
differentiate into Clara cell and AT2 lineages with culture on Matrigel.25 The observation that
almost all cells in the epithelium of the smaller distal airway during early embryonic lung
development (E13–E15) express markers of AT2, Clara and neuroendocrine (NE) cells26
supports the potential existence of BASCs that are maintained into adulthood once
development is complete.

Identification of BASCs makes it possible to begin to map out the pathways that are required
for stem cell function in lung morphogenesis and lung tumorigenesis. Using p38a conditional
lung knockout mice, Ventura et al.27 found that inactivation of p38a leads to an immature and
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hyperproliferative lung epithelium that is highly sensitized to K-RasG12V-induced
tumorigenesis. Coincident expansion of the BASC population was observed. This suggests
that p38a has a key role in the regulation of lung cell renewal and tumorigenesis by coordinating
proliferation and differentiation signals in lung stem and progenitor cells. Dovey et al.28

demonstrated that loss of Bmi1 decreases the number and progression of lung tumors at a very
early point in a K-ras-initiated mouse model of lung cancer. This correlates with a defect in
the ability of Bmi1-deficient BASCs to proliferate in response to the oncogenic stimulus.
Yanagi et al.29 generated PTEN knockout mice under control of the SP-C promoter where 90%
of mice that received doxycycline in utero died of hypoxia soon after birth. Postnatal deletion
of PTEN resulted in spontaneous lung adenocarcinomas with increased BASC numbers.
Expression of the oncogenes Spry2, c-Myc and Shh were elevated in the lungs of mutant mice.
Zhang et al.30 show that deletion of Gata6 resulted in the expansion of the BASC population
and loss of epithelial differentiation with pronounced activation of the canonical Wnt signaling
pathway. These molecular mechanisms regulating the balance between BASC expansion and
epithelial differentiation and regeneration strongly imply that the process of lung tumorigenesis
may share critical common pathways with lung organogenesis.

Early descriptions of putative CD133+ cancer stem cell populations from NSCLC point to
further onco/devo links in the lung. Recently, Eramo et al.31 and Chen et al.32 have reported
isolation of CD133+ cells from tumor samples of human NSCLC. These CD133+ cells
displayed higher Oct-4 expression with the ability to self-renew and may represent a reservoir
with proliferative potential for generating further lung cancer cells during tumor propagation
and metastasis. Oct-4, a member of the family of POU-domain transcription factors, is
expressed in pluripotent embryonic stem and germ cells. Oct-4 was identified as a stem cell
biomarker and as one of four essential genes for reprogramming fibroblasts into a pluripotent
embryonic stem cell-like state.33 The injection of CD133+ cells either subcutaneously or
through the tail vein into immunocompromised mice generated tumor xenografts
phenotypically identical to the original tumor. Knock-down of Oct-4 expression in CD133+

cells significantly inhibited tumor invasion and colony formation.

Ling et al. have reported a serum-free culture system for primary neonatal pulmonary cells that
can support the growth of Oct-4+ epithelial colonies. In addition to Oct-4, these cells also
express other stem cell markers such as stage-specific embryonic antigen 1 (SSEA-1), stem
cell antigen 1 (Sca-1), and CCSP. These cells can be maintained for weeks in primary cultures
and undergo terminal differentiation to AT1 and AT2-like pneumocytes. They demonstrated
these Oct-4+ cells were located at the bronchoalveolar junction of neonatal lung.34

These findings overall provide further supportive evidence to the hypothesis that stem cell
biology is a key interface between lung development and lung cancer.

Developmental Signaling Pathways in Lung Cancer
Development of the murine lung is initiated at embryonic day 9.5 (E9.5), followed by the
morphologically characterized pseudoglandular (E10.5–16.5), canalicular (E16.5–17.5),
saccular (E17.5-P5) and alveolar stages (P5–36).35 The early stages of lung development are
classic examples of branching morphogenesis mediated by epithelial-mesenchymal
interactions. The primitive airways begin as a ventral outpouching of foregut epithelium, with
almost immediate branching to form the two mainstem bronchi. Interactions between the
surrounding mesenchyme and the developing airway epithelium function to promote further
branching morphogenesis through the pseudoglandular and canalicular stages up to E17.5.36
Alveolarization begins in the saccules of the lung in parallel with development of the alveolar
capillary bed, and proceeds up to completion at approximately one month of age. During
alveolarization, the gas exchange surface is further enlarged by the derivation of new septa
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from pre-existing septa. The newly formed septa increase in height and subdivide the existing
airspaces into smaller units to form alveoli.37

Growing evidence suggests that cancer may arise from the aberrant activation of normally
regulated developmental pathways. Understanding the role of these developmental pathways
as they relate to tumor development and progression may lead to new insights for lung cancer
biology.

FGF
Fibroblast growth factor (FGF) signaling is thought to play a critical role in branching
morphogenesis of the lung. In Drosophila, branching of the tracheal airway is initiated and
controlled by the branchless gene, the closest mammalian equivalent of which is the gene that
encodes the signaling protein FGF-2. Also, the receptor for the protein product of branchless
is breathless, whose mammalian counterparts are FGF receptors.38 Sprouty2 is an inducible
downstream inhibitor of FGF-receptor signaling that is evolutionarily conserved from flies to
mice. The Fgf10 gene is expressed in mesenchymal tissue, which overlies the epithelial-cell
layer lining the emerging branch tip. The FGF receptor, FGFR2, is expressed throughout the
epithelium, and Sprouty2 is expressed locally at the branch tips. Mutations in the Fgf10 or
Fgfr2b genes that prevent their expression completely abrogate lung branching, and either
decreased FGF10 expression or enhanced expression of Sprouty2 produces a small, poorly
branched lung. Thus, in both flies and mice—and probably in humans—Sprouty2 mediates
fine regulation of FGF signaling at the correct time, place and dose to induce and control orderly
airway branching.39–41 Overexpression of FGF-10 in the fetal lung causes adenomatous
malformations, perturbed branching morphogenesis and respiratory failure at birth. When
expressed after birth, FGF-10 causes multifocal pulmonary tumors. FGF-10-induced tumors
appear as highly differentiated papillary and lepidic pulmonary adenomas. Epithelial cells
lining the tumors stain intensely for SP-C but not CCSP, indicating that FGF-10 enhanced the
differentiation of cells to a peripheral AT2 cell phenotype. 42 Bmp4 is induced and activated
in the epithelium of distal buds to limit Fgf10-mediated bud outgrowth.43

Hedgehog
The Hedgehog pathway has been shown to be essential for normal mammalian development.
Signaling via this pathway is initiated by the binding of the secreted morphogen (Shh, Ihh and
Dhh) to its receptor, Patched (Ptch), relieving the repression of Smoothened (Smo) and
ultimately manifesting in the regulation of the Gli transcription factors (Gli1, Gli2 and Gli3)
and downstream target genes. During lung embryogenesis, the presence of Shh expressed in
the budding airway epithelium is required for lung development and branching morphogenesis,
and is a key mediator for epithelial-mesenchymal interactions. Shh null mouse embryos fail to
demonstrate separation of the trachea and esophagus, resulting in the formation of a
rudimentary sac lacking branching and lung growth.44–46 Conversely, the overexpression of
Shh under control of an SP-C promoter results in an absence of functional alveoli, and a
hyperproliferation of both epithelial and mesenchymal cells.47 Reactivation of Shh signaling
in airway epithelial repair is thought to lead to malignant change by repeatedly expanding the
airway progenitor pool. Persistent Shh pathway activation is seen in SCLC, manifested by a
high level of expression of Shh, Ptch and Gli1.48 Treatment of SCLC cell lines with
cyclopamine (a specific inhibitor of the Shh pathway) produced tumour growth arrest both in
vitro and in tumor xenografts. Cell lines were protected from cyclopamine inhibition by
constitutive overexpression of Gli1.38 Together, these data suggested that SCLC may represent
a malignancy arising from an airway epithelial progenitor that retains both Hh signaling and
primitive features of pulmonary NE differentiation.49
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Wnt/β-catenin
The wnt/β-catenin pathway plays crucial roles in normal cell growth, motility and
differentiation during embryonic development. The pathway is also prominently involved in
cancer development and progression. Several wnt ligands, frizzled receptors and β-catenin are
present in the developing lung. Disruption of canonical wnt signaling by targeted deletion of
β-catenin prevents distal lung buds from forming and markedly interferes with branching
morphogenesis. The defect appears to result, at least in part, from failure to induce proper levels
of Fgfr2b in the distal lung epithelium where wnt/β-catenin signaling is inhibited.50,51

Activation of β-catenin caused ectopic differentiation of AT2-like cells in conducting airways,
goblet cell hyperplasia, and air space enlargement, demonstrating a critical role for the Wnt/
β-catenin signal transduction pathway in the differentiation of the respiratory epithelium in the
postnatal lung. Solid pulmonary tumors of epithelial cell origin were observed consisting of
sheets of epithelial cells that lacked staining for both SP-C and CCSP, but expressed TTF-1
and Foxa2.51 Wnt1 and Wnt2 are increased in NSCLC primary tumors and cell lines. Inhibition
of Wnt1 or Wnt2 by siRNA results in apoptosis of NSCLC cell lines.52,53 Clinically, several
groups have reported that elevated levels of β-catenin expression correlate with an increased
survival advantage for patients with NSCLC.54–56

N-Myc
N-Myc belongs to the three-member Myc oncogene family. It is frequently activated in SCLC.
57 N-Myc is required for lung development. The highest Myc expression is in the early
embryonic lung (E11.5), tapering to low levels in the adult lung.58 Mice with homozygous
deletions of N-Myc die at birth with lungs half of the normal size.57 The conditional deletion
of N-myc severely limits proliferation and epithelial differentiation in both lung epithelium
and mesenchyme.59 Specific overexpression of N-myc in the pulmonary epithelium reduces
the likelihood of progenitor cells differentiating into proximal or distal cell types.59 The role
of N-Myc is lung organogenesis appears to be centered on maintaining a population of
undifferentiated, proliferating progenitor cells in the developing lung tissue.

Network Biology of the Lung
Information about the molecular networks that define cellular functions, and hence life, is
exponentially increasing. One such network is the aggregate collection of experimentally
derived protein-protein interactions (PPIs), the volume of which has dramatically increased in
a relatively short time period. This volume of PPI data has presented the opportunity to analyze
systematically the topology of such networks for functional information using graph theory-
based approaches. This information can then be used to construct models for predicting
essentiality, genetic interactions, function, protein complexes and cellular pathways. One
analogy is to think of a cellular PPI network as a complete representation of the system of a
cell. Connections indicate the roadmap for signaling pathways, highly connected members
form protein complexes and mutagenic disruptions can be represented as blockages in network
flow. It also provides the opportunity to represent how signaling modules might be regulated
by dynamically interacting components.

Although organ-specific networks for the lung have yet to be constructed and analyzed, the
tools of network biology can play a powerful role in interpreting high-throughput genomic and
proteomic data. To demonstrate this, the lung onco/devo gene expression list (containing 596
target genes) from Liu et al.12 was mapped to SwissProt IDs, resulting in 2,487 SPIDs. This
target list was then used to query the Interologous Interaction protein-protein interaction
database I2D ver.1.71 (http://ophid.utoronto.ca/i2d).60 This produced a dense network with
5,666 proteins and 65,101 interactions (Fig. 3A), including 721 proteins from the target list.
Protein color corresponds to GO biological function (see legend in Fig. 3A).61 To aid
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interpretation, we have analyzed the network in NAViGaTOR ver 2.08
(http://ophid.utoronto.ca/navigator) to determine the central subnetwork, which comprises 36
proteins connected by 60 interactions (Fig. 3B). Inducing a graph on all directly connected
target proteins, we generate a subgraph with 380 proteins and 681 interactions (Fig. 3C). We
highlight the central subnetwork with thicker blue edges and larger nodes.

To determine biological meaning within the network, the following permutation method was
employed. Chosen at random were 721 proteins from a pool of all known human proteins in
UniProt (build 8.2). The random proteins (seeds) were then used to search the I2D database
ver. 1.7,60 to generate 1,000 random networks. We then compared network properties and
network overlap with signaling and cancer-related KEGG pathways62 and to multiple small
gene sets in lung cancer. The student’s t-test was then used to compare the properties of the
experimentally determined network against the distributions of random networks. The most
significant enrichment in the lung cancer small gene set signature lists includes the 158 gene
list from Lau et al.63 (p = 0.000248), and the 50 squamous cell carcinoma gene list from Raponi
et al.64 (p = 0.000658). The most significant enrichment in KEGG pathways62 includes
Hematopoietic_cell_lineage (p = 0.0000108), Asthma (p = 0.0000227), Base_excision_repair
(p = 0.000103) and Regulation_of_actin_cytoskeleton (p = 0.000108).

Summary and Future Directions
In this review, we have summarized potential points of overlap between lung development and
lung cancer. Common themes relevant to both processes are emerging from the study of stem
cell biology and biological networks. Accumulating evidence suggests relevance for onco/devo
links to both the study of organogenesis and to cancer biology. We believe further insight
remains to be gained from the intersecting study of both development and cancer.
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Figure 1.
An integrated view of the associations between lung developmental stages, lung cancer
subtypes, and survival rate for small cell lung cancer (SCLC), squamous cell carcinoma (SCC),
adenocarcinoma (ADC) large cell carcinoma (LCC), carcinoid (COID) and normal lung (NL)
respectively.
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Figure 2.
A schematic diagram of the intersection between mRNA expression and copy number variation
for lung development and lung adenocarcinoma. Panel insert lists ten genes within this overlap.
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Figure 3.
(A) The full protein interaction network generated on 721 target proteins. Node color represents
GO biological function as per legend. (B) The central subnetwork comprising 36 proteins
connected by 60 interactions. Nodes with red highlight circle are central proteins, and thick
red edges are central edges, as determined by frequency counting all pair shortest path
algorithm in NAViGaTOR. Thin blue edges are direct interactions among targets, while thin
black edges are direct interactions among frequent proteins. The rest of the nodes and edges
are partially translucent. (C) Subgraph showing all directly connected target proteins,
comprising 380 proteins and 681 interactions. The central subnetwork is highlighted with
thicker blue edges and larger nodes. Direct interaction with targets from lung cancer studies
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with small gene signatures are highlighted with thin blue edges (overlap shown with 158 and
five gene signatures,63 50 gene SCC signature,64 lung ADC signature65 and 20 gene
signature66). The rest of the network is partially translucent.
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