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Abstract. Many studies assumed gene expression to be normally dis-
tributed. However, some were found to have left-skewed distribution,
while others have right-skewed distribution. Here, we investigated the
gene expression distribution of five lung adenocarcinoma data sets. We
assumed that samples in the tail and non-tail of a skewed distribution
were drawn from different populations with different survival outcomes.
To investigate this hypothesis, skewed genes were detected to build a tail
indicator matrix comprising of binary values. Survival analysis revealed
that patients with more skewed genes in their tails had worse survival.
Hierarchical clustering of the tail indicator matrices discovered a gene set
with similar tail configurations for either left or right skewed genes. The
two gene sets divided patients into three groups with different survivals.
In conclusion, there is a direct association between genes with skewed
distribution and the prognosis of lung adenocarcinoma patients.
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1 Introduction

Gene expression profiling measures the activity of a large number of genes at a
time. DNA microarray technology and RN A-sequencing are two main approaches
to obtain gene expression data, though the latter is taking place of the for-
mer nowadays. RNA-sequencing uses next-generation sequencing to measure
the RNA quantity in a sample, while microarray is based on hybridization of
the predesigned probes and RNAs. Despite the difference in the techniques, the
obtained expression values are highly correlated, which implies that the analysis
approaches and the results from one might be applicable to the other [4,16,20].
Many gene expression profiling studies assume the distribution of gene expres-
sion to be Gaussian. In this case, statistical methods like t-test can be applied to
detect genes with the differential expression between patient groups. However,
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Thomas et al. showed that gene expression is not always normally distributed
[15]. Some genes display heavy-tailed distributions [6]. The reason why these
genes have non-Gaussian distribution remains unknown.

Lung cancer is the most frequent cancer in the world, covering 13% of the
total cancer incidence. It can be further divided into small cell lung carcinoma
(SC) and non-small cell lung carcinoma (NSCLC). Lung adenocarcinoma is a
histological type of NSCLC. 40% of the lung cancers in the US are adenocar-
cinomas. Patients with lung cancer have a 5-year survival of 10-15% [13]. The
poor prognosis of this disease urges the discovery of new reliable and effective
therapeutic approaches.

Here, we focused on the genes with skewed distribution in lung adenocar-
cinoma, and hypothesized that the tail and non-tail of a skewed distribution
indicated distinct populations that might form subtypes of the disease. We inves-
tigated the survival of patients in tail and non-tail of skewed distribution, and
see if different prognostic groups were formed. The data sets used in this study
included a RNA-sequencing and four microarray data sets. We computed skew-
ness to detect genes with heavy-tailed distributions, and obtained tail indicator
matrices by labelling the tails. Survival analysis showed that patients with more
tails in the skewed genes had poorer overall survival, regardless of the tail direc-
tion. Hierarchical clustering of the tail indicator matrices helped discover and
select genes with similar tail configurations for either left or right skewed genes.
They classified patients into three groups, i.e., one with both left and right tails,
one with either left or right tail, and the other with no tail. Kaplan-Meier plots
showed that patients with both left and right tails had worst survival, while those
with no tail had the best prognosis. Literature review on the genes in L-list and
R-list demonstrated their potential roles as therapeutic targets.

In conclusion, genes of skewed distribution are correlated to the prognosis
of lung adenocarcinoma patients. A high number of tails in the skewed genes
predicts a lower survival rate. Patients can be divided into three prognostic
groups according to the tail configuration in L-list and R-list. The genes in the
L-list and R-list can provide reliable therapeutic targets for the disease.

2 Methods

2.1 Analysis Procedures

Shown in Fig.1 are the two main analysis procedures applied in this study.
Details of these procedures are explained in the following sections.

2.2 Tail Detector

After obtaining a list of left-tail and right-tail genes, their tails were labelled to
compute tail indicator matrices (see Fig. 3(b) as an example). The tail indicator
matrix comprises of binary values, with 0 as non-tail and 1 as tail. To label
the tails in a right-tail gene, samples were removed one by one according to the
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Fig. 1. Illustration of analysis procedures.

decreasing order of expression levels until the skewness of the remaining samples
was smaller than or equal to zero. The samples removed were labelled as tail,
while the remaining were labelled as non-tail. A similar procedure was applied to
determine the tails for left-tail genes, though the samples were removed according
to an increasing order of expression instead.

3 Experiments and Results

3.1 Data Preprocessing

The data sets we used in this study included a RNA-sequencing and four
microarray data sets. The RNA-sequencing data set was generated by the Can-
cer Genome Atlas (TCGA) (https://cancergenome.nih.gov/) and downloaded
from the UCSC Xena browser (https://xenabrowser.net/datapages/, [3]). The
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four microarray data sets were obtained from National Center for Biotechnology
Information (NCBI) (https://www.ncbi.nlm.nih.gov/, [10]). The probes of the
same gene in microarray data sets were first merged by computing the mean
expression. Only the genes shared by all the five data sets (n = 12164) were
kept for further analysis. The samples without survival data were also removed.
The details of the data are listed in Table 1.

Table 1. Information of the five data sets.

Data set | Type #Sample | Ref
TCGA RNA-seq |503 8]
GSE31210 | Microarray | 226 [9]
GSE50081 | Microarray | 130 (1]
GSE68465 | Microarray | 442 [12]
GSE72094 | Microarray | 398 [11]

3.2 Tail Counts Have a Negative Correlation with Survival

To investigate the relation between skewed distribution and patient survival, we
first selected the genes whose expression have heavy left or right tails. Skewness
~ for each gene was computed by the Pearson’s moment coefficient of skewness
in all the five data sets. Those with v > 1 or v < —1 were detected as skewed
genes. Figure2 shows three example genes whose expression distributions are
normal, left-skewed (left-tail) and right-skewed (right-tail). The number of left-
tail and right-tail genes in the five data sets are shown in Fig. 3(a). Though RNA-
seq expression profiles share similarities with microarray expression profiles, it
would be more reasonable to analyze the data generated by these two techniques
separately. First, we integrated the resulting tail genes of the four microarray
data sets. Figure 3(a) shows that the number of right-tail genes is much larger
than the left-tail genes in the microarray data sets in general. Therefore, to
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Fig. 2. Histogram of three example gene distributions.
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Fig. 3. Barplots for skewed genes in the five data sets and the illustration for counting
tails.

obtain two balanced sets of reliable left- and right-tail genes, we selected the
right-tail genes (n = 129) that were detected in all four microarray data sets,
and the left-tail genes (n = 209) that were detected in more than one data set.

The intersection of the genes generated by the RNA-seq data and microarray
data were computed, resulting in 50 left-tail and 100 right-tail genes. Subse-
quently, the tail labelling approach was used to compute tail indicator matrices
for the shared left-tail (n = 50) and right-tail (n = 100) genes in the five data
sets. The four matrices computed from the microarray data were merged. The
total number of tails in the selected left or right tail genes was counted for each
patient (see Fig.3(b) for details). The results of Cox regression showed that a
higher number of tail counts leads to a lower survival rate in both RNA-seq and
microarray data (shown in Table 2).

Table 2. Results from Cox regression for survival versus tail counts. Left means left-
tailed; Right means right-tailed. p means p-value obtained from likelihood-ratio test.
HR means hazard ratio.

Data set | Left (p) | Left (HR) | Right (p) | Right (HR)
RNA-seq |0.000178 | 1.0595 0.347 1.00645
Microarray | 1.23e-05 | 1.04205 0.000107 |1.01822
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3.3 Hierarchical Clustering Reveals Similar Tail Configurations in
Genes and Patients

Hierarchical clustering was performed to analyze the tail indicator matrices for
RNA-seq and microarray respectively. As shown in Fig. 4, their clustering results
were similar. The red frames indicate the genes with similar tail configurations.
For left-tail genes, the intersection of the clustered genes in the red frames for
RNA-seq and microarray tail indicator matrices form a list of 16 genes, denoted
as L-list. For right-tail genes, genes in the GAGE family were grouped together
in both matrices, denoted as R-list. Subsequently, we investigated the survival
of patients with different tail configurations in the L-list and R-list (shown in
Fig.5). Patients with no tails (black) had a longer survival than those with
tails (red). The difference is significant for both L-list and R-list microarray tail
indicator matrices, and is also significant for the L-list RNA-seq tail indicator
matrix. Though the separation of the K-M curves for R-list RNA-seq matrix is
not significant, the gap between the two curves is large. To conclude, the patients
with tails in the L-list or R-list had worse prognosis than those with no tails.
L-list and R-list were combined together for analysis to determine whether
similarities exist between both sets of data. Figure 6(a), (b) display the hierarchi-
cal clustering results for their RNA-seq and microarray tail indicator matrices.
Patients were clustered into three distinct groups, where one showed a large
number of tails in both L-list and R-list (A), one showed a high number of tails
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Fig. 4. Hierarchical clustering of left-tail and right-tail indicator matrices, where yellow
represents non-tail and blue represents left-tail or right-tail. The red frames were added
manually to indicate the clustered genes. (Color figure online)
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Fig. 5. Kaplan-Meier plots for different tail configurations. L-list in RNA-seq, p =
0.0089 (a). L-list in microarray, p = 1.89e — 06 (b). R-list in RNA-seq p = 0,57 (c).
R-list in microarray, p = 0.022 (d). L+ represents patients with at least one tail in
L-list; L— represents patients with no tail in L-list. R+ represents patients with at
least one tail in R-list; R— represents patients with no tail in R-list. The p-values in
the plots were computed by log-rank test. (Color figure online)
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Fig. 6. Hierarchical clustering for L-list and R-list (a,b). Kaplan Meier plots for dif-
ferent tail configuration of genes in L-list and R-list (c,d). A represents patient group
with tails in L-list and R-list. B represents patient groups with tails in either L-list
or R-list. C represents patient groups with no tails in the two list. The p-values in
the plots (p = 0.066 for RNA-seq, p = 3.62e — 06 for microarray) were computed by
log-rank test. (Color figure online)

in merely L-list (B), and the other showed almost no tails (C). Based on the
clustering results, we divided the patients into three groups by their tail config-
urations, i.e., one with tails in L-list and R-list (A), one with tails in either list
(B), and the other with no tails (C). Figure6(c), (d) show the survival curves
for the three groups. Group A (black) has the worst survival, group B (red)
has intermediate survival, and group C (green) has the best prognosis. Though
only the microarray data show significant difference with p < 0.05, there is clear
separation of the three survival curves for both RNA-seq and microarray data.
These results indicated that L-list and R-list can serve as prognostic markers
for lung adenocarcinoma.
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3.4 Functional Interpretation of Genes in L-list and R-list

Literature review was conducted on the genes in the L-list and R-list. Some
genes were found to be associated with lung adenocarcinoma or non-small cell
lung cancer (NSCLC). First, the genes in the L-list were investigated, and results
are listed below.

— FOXAZ2 is a transcription factor that is involved in lung development. The
loss of FOXA2, CDX2 and NKX2-1 can activate the metastatic process of
lung adenocarcinoma [5].

— The non-detectable status of SFTPB is related to high risk of lung cancer
[14].

— SLC34A2 is an important gene during the fetal lung development, which
was suppressed in the lung adenocarcinoma cell line A549. Its up-regulation
inhibits cell invasion, tumor growth and metastasis ability [17].

— NKX2-1 inhibits tumor differentiation and metastatic potential in vivo. The
loss of this gene enhances tumor seeding and metastatic proclivity [19].

— LMOS3 is activated by the amplification of NKX2-1. It is an important
downstream effector from NKX2-1 in enhancing proliferation and survival
of NKX2-1-amplified lung adenocarcinoma cell lines [18].

The genes in the R-list are all from the GAGE family. They are cancer/testis
antigens (CTA) which are expressed in some tumors and not expressed in normal
lung tissue except for the testis. The frequency of the CTA expression is higher
in patients of higher stages in NSCLC, indicating its role as a poor prognostic
marker [2]. Therefore, patients with more tails in L-list and R-list had a higher
probability of tumor metastasis and invasion of lung carcinoma, leading to poor
prognosis.

4 Conclusion

Genes with skewed distribution in expression data were investigated and a cor-
relation with survival was discovered. Patients with more tails in the left or
right-tail genes had worse survival. Furthermore, RNA-seq and microarray data
shared many siimlar tail configurations in some left and right tail genes, which
were denoted as L-list and R-list. These genes helped to classify the patients
into three prognostic groups, indicating three possible subtypes of the disease.
Kaplan-Meier plots displayed that the patient group with tails in both L-list
and R-list suffer from poorer prognosis than those with tail in either list. Those
with no tail had the best survival among the three groups. Literature survey
revealed that some genes in the L-list and R-list were reported to be related to
lung adenocarcinoma. Patients with more tails in the L-list and R-list were more
likely to have tumor metastasis, which explained why more tail counts predicted
worse survival. The genes in L-list and R-list might provide potential thera-
peutic targets for lung adenocarcinoma. We think that the analysis procedures
illustrated here can also serve as a biomarker detector and survival predictor for
other diseases.
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