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ABSTRACT. The findings of an exogenous koala retrovirus (KoRV) associated with neoplastic diseases in
koalas (Phascolarctos cinereus) brought up the concerns of infection by koala retroviruses in humans,
especially koala handlers. As simple retroviruses, koala retroviruses lack the regulatory genes to counter
restriction activities by human restriction factors in viral replication. Koala retroviruses belong to
gammaretroviruses. Previous studies of susceptibility of murine leukemia virus and a lab contaminant
retrovirus, gammaretroviral xenotropic MLV-related virus, to human restriction factors disprove the
possibility of gammaretrovirus as a human pathogen. There is no evidence that the koala retrovirus can
infect and replicate in human peripheral blood mononuclear cells, which is consistent with the resistant
role of human restriction factors against gammaretroviruses.
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Retroviruses have existed and co-evolved with eukaryotic
cells for millions of years. According to the genome
organization, retroviruses can be divided into two broad
groups, “simple” and “complex” viruses. Simple retroviruses
contain only gag, pol, and env genes. Gammaretroviruses,
including murine leukemia virus (MLV), feline leukemia
virus (FeLV), gibbon ape leukemia virus (GALV), and
koala retrovirus (KoRV) are simple viruses. Complex
viruses contain regulatory/accessory genes in addition to
their functional genes. A well-known example of a complex
retrovirus is human immunodeficiency virus-1 (HIV-1) that
contains two regulatory and four accessory genes; the latter
appear to be dedicated to evade host defenses.

Mammalian cells have developed various innate self-
defense mechanisms during the long battle to defend against
infection by retroviruses. Among these anti-viral mechanisms
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three major classes of human restriction factors that block
or restrict retroviral replication at different stages of life
cycle have been described in detail through the studies of
ecotropic MLV and HIV-1, including the APOBEC3 family
of DNA cytidine deaminases, tripartite motif protein 5-alpha
(TRIMS5a), and tetherin (Malim, 2009; Wolf & Goff, 2008).

Three potent human restriction factors

The APOBEC3 restriction system comprises a family of
polynucleotide cytidine deaminases. APOBECS3 proteins can
be efficiently packaged into retroviral particles and inhibit
replication by deaminating cytosine residues converting
them to uracil during the first step of reverse transcription-
the synthesis of minus strand DNA, which in turn, results
in the guanine to adenine transition mutations in plus strand
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DNA in the infected cells (Malim, 2009; Wolf & Goff, 2008).
The cytidine deaminase activity of human APOBEC3G and
3F can be neutralized by viral infectivity factor (Vif), an
accessory protein of HIV, which can interact with APOBEC3
proteins and induce cellular proteasomal pathway to degrade
these proteins (Marin ef al., 2003; Mehle et al., 2004; Sheehy
et al.,2003).

TRIMSa is a restriction factor first identified during
the studies of the resistance to HIV-1 infection in old
world monkeys (Stremlau et al., 2004), It belongs to the
tripartite motif family, and contains a variable C-terminal
SPRY or B30.2 domain that recognizes the capsid protein
of an incoming retrovirus and determines the ability of
TRIMS5a to restrict specific retroviruses (Nisole et al.,
2005; Perez-Caballero et al., 2005). TRIMS5a inhibits
infection subsequent to retroviral entry and delivery of the
viral core into cytoplasm. It affects various retroviral core
components and is proposed to cause premature disassembly
and/or degradation of the reverse transcription complex,
or block the nuclear translocation of the preintegration
complex (Kutluay ef al., 2013). The molecular mechanism
of TRIM5a-mediated restriction is not fully understood.
TRIMSo demonstrates some specificity in its restrictive
capabilities. Human TRIMS5a strongly inhibits MLV-N tropic
and Equine Infectious Anemia Virus, but not MLV-B tropic,
HIV-1 or Simian Immunodeficiency Retrovirus of Macaques
(Keckesova et al., 2004; Perron et al., 2004).

Tetherin (previously known as HM1.24, BST-2 or CD317)
was identified as a restriction factor through the study
of HIV accessory protein Vpu (Neil ef al., 2008). In the
presence of tetherin, Vpu-minus HIV virions are assembled
normally and adopt a normal morphology. However, large
numbers of the mature virions remain trapped at the surface
of infected cell membrane by tetherin, and some virions
are subsequently internalized, leading to retention of viral
particles both at the cell surface and within the endosomes
of the infected cells (Neil et al., 2006; Perez-Caballero et
al., 2009). The restrictive effect occurs solely at the stage
of viral particle retention rather than assembly, and these
“tethered” virions are fully infectious once released. It is not
yet known how tetherin “tethers” virions to the cell surface,
but its unusual topology may play a key role (McNatt et
al., 2009; Perez-Caballero et al., 2009). The restriction of
tetherin can be counteracted by the expression of Vpu in a not
fully characterized cell type-specific manner (McNatt et al.,
2009). Tetherins can block the release of a broad spectrum
of retroviruses, ranging from alpharetrovirus, betaretrovirus,
deltaretrovirus, lentivirus, to the spumaretrovirus genera of
retroviradae (Jouvenet et al., 2009).

Susceptibility of gammaretroviruses
to human restriction factors

Human restriction factors have been shown to inhibit
replication of gammaretroviruses. Human APOBEC3G can
restrict Moloney-MLV. Human TRIMS5a strongly inhibits
N tropic MLV, and tetherin potently blocks the release of
MLYV viral particles. In addition to MLV, the block of human
restriction factors to gammaretroviruses was studied in detail
through investigations of their effects on a gammaretroviral
xenotropic MLV-related virus, XMRV. XMRV was first
isolated from patients with familial prostate cancer, and
then shown to be associated with chronic fatigue syndrome
(Lombardi ef al., 2009; Urisman et al., 2006). Although the
link between XMRYV and any human disease was disproven
when XMRV was shown to be a lab-derived recombinant
between two endogenous murine retroviruses (Cingoz et
al., 2012; Delviks-Frankenberry et al., 2012), the research
on the inhibition of XMRV by human restriction factors
provides us with important insights on the barriers imposed
on gammaretoviruses that prevent their assuming roles as
human pathogens. APOBEC3 presumably inhibits XMRV
replication when single round infectivity assays were
used (Groom et al., 2010; Paprotka et al., 2010). XMRV
replication can be restricted by tetherin but not by human
TRIMS5a (Groom et al., 2010). Human PBMCs express
APOBEC3G and 3F, as a result XMRYV can infect activated
PBMC:s, but with little or no replication and minimal spread
(Chaipan et al., 2011; Groom et al., 2010). Hypermutation
of XMRYV provirus from infected PBMC:s is reflective of the
restriction mediated by APOBEC3 (Chaipan ef al., 2011).
KoRYV, like XMRYV, does not encode a Vif-like protein to
escape restriction imposed by APOBEC3 proteins. KoRV
infection of human PBMCs has not been reported. The
different variants of KoRV we have isolated from koalas
housed in US zoos are not able to infect human PBMCs
following exposure to cell-free virus, even though many
human cell lines including T cell lines such as SupT1 and
CEM are susceptible. Human restriction factors probably
play a key role in the resistance of human PBMCs to KoRV
and will most likely play a major role in restricting koala
retroviruses from evolving into human pathogens.
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