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Kaposi’s sarcoma-associated herpesvirus (KSHV)
 KSHV causes two human cancers:

Kaposi’s sarcoma

 Kaposi’s sarcoma (KS) : highly vascularized, endothelial-derived tumor

 Primary effusion lymphoma (PEL): B-cell lymphoma

 Who is affected?
 While KSHV can infect anyone, it is typically associated with AIDS patients in
the US – whereas infection is widespread in sub-Saharan Africa
 Asymptomatic in healthy people but causes disease in immunosuppressed
patients (e.g. HIV/AIDS patients, transplant patients, the elderly, chemo
patients)
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KSHV and Hypoxia
 KSHV-associated malignancies, KS and PEL, arise in settings of relatively low oxygen
concentrations (hypoxia)
 Hypoxia can activate KSHV production via a transcription factor called HIF (Hypoxiainducible factor)
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A whole genome approach was undertaken to investigate
the genes that may be affected by hypoxia in KSHV-infected cells.

This will help determine the degree to which
hypoxic pathways are utilized by KSHV
and may affect the development of KSHV-associated malignancies.
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Hypoxia changes both cellular mRNAs and microRNAs – but
not viral microRNAs – in KSHV-infected cells
BCBL-1 cells

SLKK cells

(KSHV-infected B-cells)

(KSHV-infected epithelial cells)

microRNA-Seq

microRNA-Seq
mRNA-Seq

Viral microRNAs

-5

0

5

Log2 FC (Hypoxia/Normoxia)

qRT-PCR validation
-15 -10 -5
0
5 10 15
Log2 FC (Hypoxia/Normoxia)

Viral microRNAs
-log10 FDR
-log10 FDR

-log10 FDR

-log10 FDR

mRNA-Seq

Log2 FC (Hypoxia/Normoxia)

Log2 FC (Hypoxia/Normoxia)

5

There was a significant overlap in the cellular gene
expression (mRNA) responses to hypoxia and KSHV infection
 KSHV infection mimics a third of the mRNA hypoxic
response
mRNA-Seq
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miR-210, a microRNA involved in hypoxia and cancer, was
increased by both hypoxia and KSHV infection
 miR-210 is a predominant microRNA up-regulated by hypoxia in a variety of cell lines
 By knocking down a variety of repressors, miR-210 induces angiogenesis, cell survival and cell proliferation
 miR-210 known targets are ISCU (mitochondrial metabolism) and EFNA3 (angiogenesis inhibitor)



miR-210 is up-regulated by hypoxia, but also by KSHV infection –
even in normoxic conditions



miR-210 expression is inversely correlated to its target
expression (ISCU)

* ** ***
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What have we learned?

 KSHV infection mimics a third of the mRNA hypoxic response  This provides us
with potential targets for novel therapies
 For example, KSHV infection induces miR-210, a key hypoxia-regulated miRNA
involved in cancer
 Hypoxia drastically change the cellular expression profile of KSHV-infected cells –
both at the mRNA and miRNA level.
 In contrast, viral miRNAs remain unchanged by hypoxia (RNA-Seq and Taqman
assays)  The fact that hypoxia does not cause viral miRNAs to change suggests
that they may be under tight control and they are not involved in the hypoxic
response.
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Additional information

 miR-210 targets and their biological functions:
 miR-210 induces cell survival and increases cell
proliferation
 miR-210 induces angiogenesis
 miR-210 represses mitochondrial metabolism
 miR-210 stalls DNA repair

miR-210: the Master Hypoxamir, Chan et al. 2011
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A closer look at the hypoxic response in KSHV+ PEL cells
miRNA-Seq

mRNA-Seq

 ~9% of all human miRNAs were found
significantly deregulated by hypoxia in BCBL-1
cells, with 83% down-regulated
 287 mRNAs were found deregulated by
hypoxia in BCBL-1 cells, including known
hypoxia-inducible genes (VEGF, CA9, and
PGK1)
 <10% of these cellular responses in BCBL-1
cells overlap with SLKK cells

 The differential expression of 5 miRNAs was
independently validated by Taqman assay

 66% of the dysregulated mRNAs predicted to
be targeted by HRMs were changing in the
right direction
 27 hypoxia-regulated miRNAs were found
inversely correlated to 45 mRNAs
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