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Cancers are controlled by multiple genes for their disease phenotype, which are
supposed to be induced by the cumulative effects of both environmental carcinogens
and spontaneous random genetic variations until the triggering point. Recently, a newly
proposed continuum model was addressed by Knudson group to replace the classical
two-hit hypothesis for the carcinogenesis triggering. Continuum model has emphasized
the tumor suppression and the oncogenesis progress as dosage responsive ways, which
has implied the importance of regulating mechanisms in gene expression levels.
Currently, scientists are still trying to explain how heterozygous mutation carriers of
cancer driver genes specifically lift up their expression amount in disease functional
proteins specifically for enhancing malignancy, and my hypothesis has supposed that
allelic imbalance mechanisms may have roles for it.

To investigate the biological roles of allele-specific transcription, I analyzed
large-scale pan-adenocarcinoma RNA-Seq data from TCGA with paired genotype data.
Heterozygous somatic mutation carrier genes from the Catalogue of Somatic Mutations
in Cancer database were screened for RNA allelic imbalance (RAI) due to
transcriptional efficiency. The biased aspects of allelic imbalance of those expressed
mutations can further be differently grouped according to cancer driver gene and non-
cancer driver gene. Among cancer driver genes, the effects of oncogenesis or the

impacts of insufficiency in tumor suppression can be intensified by increasing the



expression of mutant alleles through the observed allelic imbalance in transcriptional
efficiency (AITE) effect. This is in contrast to those mutated non-cancer driver genes,
whose normal alleles are instead increased in the expression for buffering the mutant
proteins.

Totally, my study analyzed large-scale bulk pan-adenocarcinoma samples from
The Cancer Genome Atlas (TCGA) program (n=3256). The genotypes and allele-
specific copy numbers inside each gene were firstly checked by SNP array and whole
exome sequencing data (WESeq). Then, based on the paired RNA sequencing data
(RNA-Seq), the AITE effects were screened for those heterozygous positions without
existing allele-specific somatic copy number alterations (SCNA).

Among those somatic mutations, most nonsynonymous SNV mutations of well-
known cancer driver genes biased their expression toward the mutant allele in
statistically significant ways, where the average mutant allele frequency (MAF) in
RNA-Seq was significantly higher than that in WESeq (Welch’s t-test, p = 4.86 x 107°
for TP53; p = 3.20 x 1072 for KRAS; p = 9.75 x 107* for CTNNBI; p = 3.80 x 1073 for
PTEN). In contrast, the nonsynonymous SNV mutations of passenger genes biased
their expression toward the normal (reference) allele, where the average MAF in
RNA-Seq was significantly lower than that in WESeq (Welch’ t-test, p = 2.33 x 1072°
for COL3A41;p=5.82 x 1072 for MYHI1; p=2.59 x 107 for PDGFRB; p=4.41 x 1073
for TNC; p = 1.01 x 107'2 for PTPRC). Especially, the bias extent of those AITE genes
with increased mutant allele expression could be found in positive correlation with
positive selection signals by dN/dS ratio.

Overall, the tumors showed the significant higher AITE occurring rates in their
genomes when being compared to the paired-solid-normal tissues (Welch’s t-test, p <
2.2 x 107'% n=152). By further comparing their whole genome sequencing data
(WGSeq), more de novo transposable elements (TE) insertion sites were also detected

inside tumors than that inside normal tissues with significance (Welch’s t-test, p=0.0456,



n=27). Within 1 Mbp around of AITE genes, tumor-specific de novo TE insertions were
discovered to be connected to AITE occurrence.

Finally, the single-cell RNA-Seq analysis has further revealed the intra-tumor
heterogeneity in cancer cell transcriptomes. By using liver cancer tissues as a model,
my data suggest that the abnormal parenchymal cells and the abnormal hepatic stellate
cells inside liver tumors seem to be able to simultaneously express the cancer driver
genes and non-cancer driver genes, whose bias sides support the current conclusions in
my allelic imbalance studies. In the near future, with the improved single molecular
sequencing technology, the single-cells sequencing data in pan-adenocarcinoma are
expected to be deposited on the online data bases. And how the allele-specific de novo
TE insertions can affect the non-stochastic allele-specific expression can be the next
research targets for those heterozygous mutated cancer driver genes to enhance the

carcinogenesis phenotypes.
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