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Summary (Abstract) of doctoral thesis contents

Human endogenous retrovirus (HERV) belongs to a class of transposable elements (TEs) and
occupies approximately 8% of the entire human genome. Although HERVs were initially thought
to be non-functional and merely parasitic sequences in the genome, evidences have been
accumulated that the human genome carries enormous HERV-derived functional elements, which
affect host physiologies and diseases. These elements play a role in the DNA level (i.e.,
transcriptional regulatory elements), RNA level (i.e., non-coding RNA), or protein level. Recent
efforts using high-throughput sequencing have generated a massive amount of genomic,
epigenomic, and transcriptomic data. In this doctoral thesis, | aimed to identify HERV-derived
functional elements (particularly regulatory elements and transcripts) by reanalyzing epigenomic
and transcriptomic sequencing data accumulated in the public databases.

In Chapter 1 (general introduction), | describe basic knowledge about HERVs and recent
progresses that have showed associations of HERV-derived functional elements with host
physiologies and diseases.

In Chapter 2, I investigated HERV-derived regulatory elements using 519 ChIP-Seq data
for 97 transcription factors (TFs) provided by ENCODE and Roadmap Epigenomics. | identified
794,972 TF-binding events on HERVs and 2,201 specific HERV-TF associations. Using
unsupervised clustering analysis, | demonstrated that HERVs could be grouped according to TF
binding patterns: HERV groups bound by pluripotent TFs (e.g., SOX2, POU5F1, and NANOG),
embryonic endoderm/mesendoderm TFs (e.g., GATA4/6, SOX17, and FOXA1/2), hematopoietic
TFs (e.g., SPI1 (PUl), GATAL/2, and TAL1), and CTCF were identified. By analyzing the
three-dimensional chromosomal interactions, | demonstrated that HERV-derived regulatory
elements tend to interact with host genes relating to the innate immune response. This suggests
that the HERV-derived regulatory elements play a role in the modulation of this biological
pathway. We further demonstrated heterogeneities of regulatory elements within LTR7 group:
SOX2, POUSF1, and KLF4-binding sites were highly enriched in the youngest subgroup of LTR7,
which had the highest transcriptional activity in pluripotent cells. This suggests that the
subgroup acquired those regulatory activities for efficient replication in the host germ cells.
Furthermore, my colleagues and | constructed dbHERV-REs (http://herv-tfbs.com/), a database of
HERV-derived regulatory elements.

In Chapter 3, | investigated HERV-derived transcripts in tumors by reanalyzing RNA-Seq
data of 5,550 patients across 12 solid tumors provided by TCGA. I identified 10,060 transcribed
HERV loci in tumors and the corresponding normal tissues. In nine out of 12 tumor types, the
overall transcription levels of HERVs significantly increased. Particularly, transcription levels of
HERVH group were highly up-regulated in a broad range of tumors. In unsupervised clustering
analysis based on the HERV transcriptome, RNA-Seq samples clustered according to tumor and
tissue types, and even molecular subtypes within a type of tumors. This indicates that HERVs

had unique transcription profiles among tumor/tissue types and the subtypes. The
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transcriptionally up-regulated HERVs in tumors were associated with TFs that were
overexpressed in the tumors. In case of breast cancer, the up-regulated HERVs tended to be
bound by ESR1 (estrogen receptor 1), PGR (progesterone receptor), GATA3, and FOXAL, which
were overexpressed in the cancer type. Furthermore, transcription levels of HERVs in tumors
were positively correlated with those of genes targeted by ZNF274, TRIM28, and/or SETDB1.
These are known to form a protein complex and suppress the transcription of TEs in mouse
embryos. This result suggests that these genes work on the transcriptional silencing of HERVsS
also in human tumors. Some HERVs were transcribed as parts of mMRNA of genes and contributed
to produce non-canonical transcripts of those genes. For example, the fused transcript of
ERVL-B4-int and TMPRSS4, a major causal gene of prostate cancer, was highly up-regulated in
prostate adenocarcinoma. The ERVL-B4-int locus worked as an alternative transcription start site
of TMPRSS4 and contributed to the overexpression of this gene in the tumors.

This doctoral thesis depicts the landscape of HERV-derived functional elements providing

insights into effects of these elements on host physiologies and diseases.
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Summary of the results of the doctoral thesis screening
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