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Abstract

Materials and Methods

Using a data set of female non-smokers with non-small cell lung
carcinoma (NSCLC) and a protein-protein interaction (PPI)
network, we identified different trends in expression variance
between the tumorous and normal states. We find significant
differences between the expression variance in the protein
interactions of normal and cancerous genes in the protein
interaction network. Moreover, we find significant differences
between the neighborhood expression variance of proteins in
the normal and tumor states. From these two findings, we gain
a better understanding of the NSCLC protein-protein interaction
network.

1. We obtained the quantile normalized genomic EV for the
tumor, normal and the entire dataset in R
2. EV was assigned to the vertex representing each protein in
the network. Then we obtained the mean EV of the
neighborhood of individual proteins. The neighborhood
EV of a protein 𝑣 is defined as
𝑁+1
∑𝑗=1 𝑣𝑗

Introduction
Higher expression variance (EV) can be interpreted as a change
in the protein products of regulated genes. Lower EV can be
interpreted as a change in the protein products of nonregulated genes. The higher EV genes have been known to be
sensitive to extracellular conditions. The lower EV genes have
been known to be stable in a large range of extracellular
environments. When we say “stable,” we mean the lower EV
gene response is restricted when its pathway is activated.
Physiologically, proteins that have high EV are known to be
found on the edge of the cell. These are the extracellular
receptor ligands and membrane receptors. The proteins that
have low EV are known to be an integral member of signal
transduction or cellular communication pathways. Some genes
have little variation in response to a change in an extracellular
conditions and others have a lot of variation under the same
2
extracellular conditions.

|𝑁 + 1|
where 𝑣𝑗 is the variance of protein j and j ranges over all
neighbors of node 𝑖.
3. Sorted our proteins into 50 bins. Each bin, denoted 𝛽,
contained proteins with similar EV values. Similarly, we
sorted the neighborhood EV values into 50 bins.
4. The median EV of each bin was plotted against the
neighborhood EV for the tumor, nontumor and the whole
dataset including the non-tumor and tumor genes (Figure
1).
5. Then generated a 50×50 matrix of the interactions
between proteins (Figure 2).
Figure 3. The gene MET and its neighborhood. The MET gene has been
identified as an oncogene for NSCLC.

Discussion
High and low variance genes have been known to conglomerate
with other genes of the same, or similar, EV-value to form
functionally specific network neighborhoods.2,3 However, in this
study genes of average EV had virtually no interactions. Since
the high variance nodes have high EV (Figure 1) and low EV
nodes are connected to low EV nodes (Figure 2), it would seem
that we would likely observe functionally specific network
neighborhoods given further research. It would be interesting to
further pinpoint the discrepancies that exist between our data
and other data.2,3

The PPI network uses vertices and edges to illustrate physical
protein interactions. The vertices are represented as proteins,
and the edges are represented as the pairwise protein-protein
interactions between them.4,5
We hoped to find an association or trend within the group of
genes in a PPI network with proteins of high EV and within the
group of low EV. Furthermore, we want to make inferences
about how proteins gather in a network and about protein
behavior in general.

Figure 1. The neighborhood EV plotted against the EV of the normal
(left), tumor (middle) and normal+tumor (right) groups in the dataset.
The proteins with high EV are in the higher numbered bins. The
proteins with low expression variance are in the lower numbered bins.
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Figure 2. Heat map of the interactions between bins of the entire
network (a), the normal proteins exclusively (b), the tumor proteins
exclusively (c) and a randomized network where the interactions
between proteins had been shuffled and then placed into bins (d).

Results
• Weak positive correlation for the non-cancerous proteins
(Spearman’s, 𝜌 = 0:54, n = 8207, P = 4.1× 10−5 ) (Figure 1).
• Weak positive correlation between the EV against the
neighborhood EV after isolating the tumor genes from the
non-cancerous genes (Spearman’s, 𝜌 = 0:52; n = 8207; P=7.5
× 10−5 ) (Figure 1).
• Moderate positive correlation between an individual
protein’s EV and the neighborhood EV of the entire dataset
(Figure 1) (Spearman’s, 𝜌 = 0:58; n = 8207; P = 9.17 × 10−6 ).
All heat maps depicted a high density of interactions among the
proteins in the low EV bins (Figure 2a, b, c).

High node degrees influenced the number of interactions
between bins (Figure 2). In order to test how gene connectivity
is correlated with variation in expression, we could obtain the
distribution between high and low variance genes.
In a Saccharomyces dataset, the relationship between EV and
number of interactions was more apparent when looking at
2
proteins of high node degrees, otherwise known as hubs. Hubs
are defined as proteins with 7 or more interactions.1,3
Examining these hubs would allow us to get a better sense of
how proteins are gathering in this NSCLC network with respect
to their EV. Hubs, or functionally-specific neighborhoods,
typically provide robustness to the cell, and if there is an
absence or less functionally-specific network neighborhoods, we
could gain a larger grasp of this network.
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