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DNA Copy Number Gain
in Lung Cancer and Non-
Involved Tissue

Abstract

Lung cancer is the leading cause of cancer-related death in the
United States. Eighty five percent (85%) of lung cancers are non-small-
cell (NSCLC). NSCLC remains the number one cause of cancer related
mortality for men and women in the U.S and its prevalence continues
to increase worldwide. NSCLC has a wide range of patients’ survival
and despite potentially curative resection in early-stage, survival
remains sub-optimal and recurrence rates are high. Therefore, early
detection and staging is crucial to increase the patient’s survival. Copy
number (CN) changes in lung cancer have been shown to be located
in certain genomic regions and detection of copy number changes
in cancer population can essentially help with the treatment and/or
prevention. In turn, identification of genes with significant CN gain can
potentially be used for early detection of the disease. One approach is
CN analysis of each subject individually, however the results may vary
among subjects and it becomes difficult to find the common probes
in population analyses. In the proposed approach here, the analysis is
performed at the population level directly. We perform genome-wide
analyses of CNs in a collection of 50 NSCLC tumors to identify probes
with significantly gained CNs. We propose a formal statistical test for
CN analysis between lung tumor and its non-involved (normal) tissue
over all 50 subjects, subjects with gained CN in fumor, and subjects
with gained CN in normal tissue.

Introduction

Gene-cancer mapping intends to discover associated
genes with cancers and due to advances in high-throughput
genotyping, screening for disease loci on a genome-wide
scale is now possible. The development of computational
methods for human disease gene mapping have prompted
[1-7].
Characterization of genetic polymorphisms including single-
nucleotide-polymorphism (SNP) and CN changes which is

recent advances in high-throughput genotyping

associated with genomic mutation of somatic cells holds the
potential for cancer diagnosis and cancer stage identification
[4-16]. To this end, human gene-cancer mapping has been
extensively investigated in the past few years to address cancer
susceptibility and its association with SNPs and CN changes.
Genome-wide association studies (GWAS) have identified
more than one thousand genetic loci associated with many
human diseases and traits [17-26].

CN changes in NSCLC have been studied in previous
research [27-30] however, what causes these changes is still
under investigation. Different mechanisms of CN changes
are homologous re-combinations and non-homologous
mechanisms [31,32]. It has been reported that smoking may
be associated with copy number in NSCLC. In the cancer cell
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population hypoxia may induce CN change, hence cigarette
smoking can potentially be considered as an environmental
stress on the cells which may lead to CN changes and cause
NSCLC. On the other hand, CN change may also be associated
with normal phenotypic variation [31,32] and hence it is of
great interest to discover any correlation between identified
genes with significant CN change in tumor and normal tissues.

To study this, collected CNs from individual subjects can
be potentially integrated to discover population patterns.
We perform formal test statistics to integrate the population
summaries and locate the genes with significant differences
in the mean CNs between two populations, i.e. cancer and
normal. CN analysis is applied to all subjects, subjects with
gained CN in tumor, and subjects with gained CN in normal
tissue. This is set up as a multiple testing problem, where
p-values are tested for significance. In order to control the
global false discovery rate (FDR), the significance threshold is
adjusted for each chromosome between two populations.

We should point out that the advantage of performing
analysis at population level is to discover copy number change
patterns which are common among the population. Assessing
population patterns from individual copy number change
patterns is rather difficult because individual patterns may
vary in location and size. Population patterns are important
to discover common disease-gene association. However, for
personalized medicine, identification of individual patterns
is essential. The goal here is to discover population patterns
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rather than individual ones.
Methods

Our interest here is locating probes with significant CN
gains. Paired t-statistics was computed at each probe by
comparing the group means of the tumor samples and their
paired normal tissues as follows.

Each chromosome has two arms (arm-p and arm-q)
separated at the chromosome centromere. In a dataset consists
of n subjects, the data contains nxm pairs for a chromosome
of m probes,

(t;.¢,)0i=12,.n& j=12,...m (1)

where #; and ¢;; are copy numbers of the tumor and its paired
control (normal) tissue at probe j of subject i. First, paired
t-tests (T) were computed at each probe j as

2 i=12,...m )

Zizld

ij 2
~ and S ;~ are the sample mean and
n

variance of the paired differences d ;j =1; —¢; atprobej,and

where d ;=

4, =0 is the background reference in the null hypothesis:

{H o-Ha=Hy
Ha Ile >ﬂ0
where (4, is the true mean of paired difference d. The
unilateral alternative hypothesis is used since the interest here
is to discover the copy number gains. We then computed the p
values associated with the T tests and adjusted them to control

for false discovery rate (FDR) using Benjamini and Hochberg
(BH) algorithm [33].

To find subjects with amplified copy numbers, we set a
copy number gain threshold 7,. At each probe, the tumor
subjects with copy numbers greater than or equal 7, will
be identified. At each probe, for each subject with amplified
copy number, the copy number of its paired normal tissue
will be extracted from the dataset. The paired copy number
differences d ;= Aii —¢; will be computed at each probe j,
just for 71, subjects with amplified copy numbers. Notice that
although the total number of paired subjects ™ is fixed for all
probes (here it is 50), the number of subjects with amplified
copy numbers 7; (at each probe j) is not fixed and may vary
from probe to probe. Hence, the data contains n;Xm pairs
for a chromosome of m probes,

(Ayse)i =1,25000n, & j=1,2,00,m 3)

lj’

where Aij is the amplified copy number of the tumor and ¢;

is copy number of its paired control (normal) tissue at probe
j of subject i. Paired t-tests (T) were computed at each probe
j using (3).

Identifying probes with significant
amplification by multiple testing

copy number

Computed p-values associated with the paired t-tests
are adjusted to control the FDR of identified probes with
significant copy number change between tumor and normal
tissue. Let the number of true detected probes with significant
change (by rejecting the null hypothesis) be

TR=|{jel(,ud>0)}| (4)
and the number of false detected probes with significant
change be

Fy=|{,e1(u, =) ©
Let also the total number of rejections at level & be
NR:TR+FR:|j| (6)

The FDR is defined as the expected proportion of falsely
rejected hypothesis:

FDR = E{L} %)
max (N,,1)

Figure 1: P-Value for paired t-test of tumor vs. normal.
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Figure 2: Number of significant probes for each chromosome with p-values
less than or equal to the threshold (0.01).
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Figure 3: Number of probes with significant CN gain in tumor vs. normal
after FDR.
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Figure 4: P-Values for paired t-test of tumor vs. normal for tumor samples
with gained CN.

FDR control for the amplified probes is achieved by
applying the BH algorithm on the p-values of probes with

significantly amplified copy numbers.
Results

A series of 50 snap-frozen tumor samples from non-
small cell lung cancer (NSCLC) patients (who prospectively
enrolled) and their paired specimens of non-neoplastic
lung parenchyma as the reference group of copy number
estimation were collected from the National Institute of
Occupational Health, Oslo, Norway [29,30]. Genome-wide
CNs were measured at 262, 565 unequally spaced probes (j)
and preprocessed by d Chip [34].

T statistics for paired differences of 50 tumor samples and
their paired normal tissue is calculated at each probe using
(2). Figure 1 shows the computed p-values for paired t-tests
(with 49 degrees of freedom). The number of probes in each
chromosome with significant level of 0.01 is depicted in Figure
2. As we can observe, there are several of thousands probes
at this significant level. To control for FDR, we perform
multiple testing by applying the BH algorithm to all probes
of each chromosome separately. The number of probes with
significant copy number gain in tumor vs. normal (paired
differences) after controlling for FDR is depicted in Figure

3. There are still several of thousands probes identified with
significant CN gain after controlling for multiple testing. These
probes are associated with several genes and therefore genes
significantly associated with the NSCLC are precluded among
many other genes and cannot be exclusively identified.

To address this issue, we set a threshold for CN gain. At
each probe, all tumor subjects with copy numbers greater
than or equal the threshold will be identified. At each probe,
a paired t-test is performed based on the paired CN difference
of tumor subjects with gained CN and their paired normal
tissues” CN. There are 50 tumor subjects with paired normal
tissue, however, the number of tumor subjects with gained CN
might be different at different probes. The p-values associated
with paired t-tests for tumor subjects with gained CN are
depicted in Figure 4. Figure 5 shows the number of probes in
each chromosome at significant level of 0.01. We should point
out that a p-value is computed for the probes in which at least
two (out of 50 tumor subjects) tumor subjects have gained
CNs (CNs greater than the threshold). In the next step, the
number of probes with significant CN gain in tumor vs. normal
for the tumor subjects with gained CNis is controlled for the
number of false discovery rates which is depicted in Figure 6.
In comparison with Figure 3, we can observe that in Figure
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Figure 5: Number of significant probes in each chromosome with p-values
less than or equal to the threshold (0.01) for tumor subjects with gained CN.
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Figure 6: Number of probes with significant copy number gain for tumor
subjects in each chromosome with gained CN in tumor vs. normal after FDR.
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Figure 7: P-value of paired t-test for tumor vs. normal in normal tissue with
gained CNs.

6 we have a much smaller set of probes in each chromosome
with significant gained CN in tumor vs. normal tissue. This
will considerably improve the identification of genes with
significantly gained CNs.

CN changes can also be caused by phenotypic variation in
normal tissues which might not be related to cancer or any
other disease. Therefore, in the next step, we investigate any
correlation between identified probes with significantly gained
CN in tumor subjects and probes with significantly gained
CN in normal subjects. To achieve the goal, at each probe the
subjects with gained CN in their normal tissue are identified.
A paired t-test for normal vs. tumor for normal subjects with
gained CN is consequently applied. The p-values associated
with the paired t-tests for normal vs. tumor are depicted in
Figure 7. As it can be observed there are a small number of
probes with at least two normal subjects (out of 50) with
gained CNs. The probes with no p-value (majority of the
probes) demonstrate no normal subject with gained CNs (= 3)
or just one subject for which the paired t-test is not performed
(since degree of freedom will be equal to zero). There were just
18 probes including four probes in chromosome 5, five probes
in chromosome 14, and nine probes in chromosome 15 with at
least two normal subjects with gained CNs. Among them, no
probe with significant CN gain for normal tissue (p-value less
than or equal 0.01) was identified. Since the FDR threshold is
smaller than 0.01, no probe was identified with significantly
gained CN in normal tissue in the paired differences of
normal vs. tumor (for normal subjects with gained CN) after
controlling for FDR. As a result, at the CN gain threshold, no
correlation was observed between the significantly gained CN
in tumor and significantly gained CN in non-involved tissues.

Discussion

In this paper, the probes with significant gained CNs in
paired t-test of tumor vs. non-involved in tumor subjects
with gained CNs in lung cancer data were identified. In
place of performing t-tests comparing mean CNs of tumor
subjects and normal tissues, we rather performed paired

t-tests comparing tumor subjects with their paired normal
(non-involved) tissues. To identify the probes with significant
gained CNs, multiple testing was applied to control the FDR.
The large number of probes with significantly gained CN
precludes the identification of genes with significantly gained
CNs associated with NSCLC. This issue was addressed by
identifying the tumor subjects with gained CNs at each probe
and then performing paired t-tests for tumor vs. its paired
normal for tumor subjects with gained CNs. It was followed by
multiple testing to control for FDR. In this way a small set of
probes in each chromosome was identified with significantly
gained CNs in tumor vs. normal. To discover any potential
correlation between the probes with significantly gained
CNs in normal tissue and tumor tissue, the normal subjects
with gained CNs was identified and paired t-test for normal
vs. tumor was performed at each probe. After application of
multiple testing to control FDR, no probe with significantly
gained CN among normal tissues in normal vs. tumor paired
t-test was identified. Hence, no correlation between probes
with significantly gained CNs in tumor tissue and non-
involved tissue at CN gain threshold of 3 was observed. The
threshold of 3 is rather intuitively chosen based on 50% copy
number gain over normal copy number of two (2). The future
work will be conducted to investigate the threshold selection.

The results agree with the previous research [28,29] to
identify genes in chromosomes 1 to 12,14 and 20, but probes
in chromosomes 13,16,17,18,19,21 and 22 were not identified
in our analysis at gain threshold of 3 and FDR of 0.01. Among
these chromosomes, probes in chromosomes 13,17,18 and 22
can be potentially identified at lower gain threshold and FDR
levels. On the other hand, oncogenes in chromosomes 16,19
and 21 were reported for a very small proportion of lung cancer
patients in previous studies, and that could be potential reason
for lack of identification of them in a sample of 50 subjects in
our analysis. These issues will be studied in our future work.
We will also investigate the influence of gain threshold on the
potential correlation of identified probes with gained CN in
tumor tissues and identified probes with gained CN in normal
tissues in the CN analysis using paired differences of tumor vs.
normal.
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