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Guest Editorial
THE STORY OF A POACHER-TURNED-GAMEKEEPER :

A TWIST IN ANIMAL EVOLUTION

A retrovirus is an RNA virus. In a host cell, it typically replicates with the
help of an enzyme -  reverse transcriptase - to produce DNA from its RNA
genome. The resulting DNA is incorporated into the genome of the host by
an  in tegrase  enzyme.  The  v i rus  thereaf te r  rep l ica tes  as  par t  o f  the  hos t
DNA.  Ret rov i ruses  a re  genera l ly  enve loped  v i ruses  and  the i r  genomes
commonly contain three open reading frames (ORFs) that encode for proteins
found in the mature virus. The proteins are: group-specific antigen (gag) that
codes  for  core  and s t ruc tura l  pro te ins  of  the  v i rus ,  polymerase  (pol )  tha t
codes for  reverse t ranscr iptase,  protease and integrase,  and envelope (env )
that  codes for  the retroviral  coat  proteins .

Most retroviruses infect somatic cells ,  but in very rare cases,  exogenous
re t rov i ruses  have  in fec ted  germ ce l l s  o f  the i r  hos t s ,  r esu l t ing  in  s tab ly
in tegra ted  ‘endogenous’  re t rov i ruses  (ERVs) .  Some ERVs have  passed  to
subsequent  genera t ions  l ike  any  o ther  hos t  genes .  There  a re  ERVs tha t
persisted in the genome of their hosts for millions of years. The continuous
accumulation of new and newer ERV integrations over millions of years, that
occurred by both reinfection and retrotransposition, resulted in the genomes
of all  vertebrates being markedly colonized by ERVs.

ERVs are general ly infectious for  a short  t ime after  their  integrat ion as
they acquire many inactivating mutations during host DNA replication. They
can  a l so  be  par t i a l ly  exc i sed  f rom the  genome by  a  p rocess  known as
recombinat ional  delet ion.  However ,  some ERVs are  t ranscr ipt ional ly  act ive
and have maintained intact  ORFs for  some of the genes.

ERVs with transcriptional ability have raised the hope of a possibility that
some of  these  e lements  a re  benef ic ia l  to  the i r  hos t s  and  thus ,  they  were
selected. There lies the story of ‘endogenization’ of retroviruses with a twist:
a poacher turned into a gamekeeper result ing in a win-win si tuation.  Some
ERVs in  ver tebra tes  were  poss ib ly  se lec ted  fo r  the i r  ab i l i ty  to  p rov ide
pro tec t ion  aga ins t  in fec t ion  of  re la ted  exogenous  pa thogenic  re t rov i rues
through various mechanisms. In a number of mammalian species, ERVs have
been  shown to  b lock  v i ra l  en t ry  o f  exogenous  re t rov i ruses  by  recep tor
compet i t ion .

The  poss ib le  cont r ibut ion  of  ERVs in  mammal ian  reproduct ion  i s  even
more intriguing. During pregnancy in viviparous mammals, ERVs are activated
and produced in  high quant i t ies  dur ing the implantat ion of  the  embryo.  I t
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has  been  hypothes ized  tha t  they  possess
immunosuppressive propert ies ,  suggest ing a
ro le  in  ges ta t iona l  immune  to le rance ,
pro tec t ing  the  embryo  f rom i t s  mother ’ s
immune assaul t .  Also  vi ra l  fus ion prote ins
apparen t ly  suppor t  the  fo rmat ion  of  the
p lacen ta l  syncyt ium in  o rder  to  l imi t  the
exchange  of  migra tory  ce l l s  be tween  the
deve lop ing  embryo  and  the  body  of  the
mother. During evolution, it  is possible that
ERVs had a  pr imary role  in  vira l  defence,
bu t  they  were  l a te r  co-op ted  to  suppor t
placental  development .  I t  is  l ikely that  the
ances tors  o f  modern  eu ther ian  mammals
evolved  a f te r  an  in fec t ion  by  th i s  v i rus ,
enab l ing  the  fe tus  to  be t te r  res i s t  the
immune sys tem of  the  mother .

Human ERVs (HERVs) contribute nearly
8% to the human genome and composed with
about 98,000 elements and fragments. In the
human genome pro jec t ,  HERVs have  been
c lass i f i ed  in to  24  fami l ies .  Al l  appear  to
conta in  nonsense  muta t ions  o r  major
de le t ions ,  thus  they  cannot  p roduce
infectious virus particles,  and most of them
had f i rs t  in tegra ted  in to  genomic  s t ructure
many mi l l ions  of  years  ago ,  even  before
human beings evolved. However, there is one
family of viruses that have been active since
the divergence of  humans and chimpanzees
about 2-3 million years ago. This family is
termed HERV-K and i t  makes up to 1% of

HERV elements .  There are  indicat ions that
i t  has  even  been  ac t ive  in  the  pas t  a  few
hundred  thousand  years  on ly ,  as  some
human individuals carry more copies of the
virus family than others. But the absence of
known infect ious  members  of  the  HERV-K
family, and the lack of elements with a full
coding potential within the published human
genome sequence,  suggests  that  the  family
is less likely to be active at present. However,
some HERVs are suspected to be involved in
some au to immune  d i sease  condi t ions  l ike
involvement of multiple sclerosis-associated
retrovirus (MSRV) in multiple sclerosis.

S tud ies  per formed by  Doug Nixon  and
Kei th  Gar r i son  a t  the  Univers i ty  o f
Cal i fo rn ia  San  Franc i sco ,  and  by  Mar io
Ostrowski and Brad Jones at  the University
of Toronto, documented evidence for T cell
immune responses against HERVs in human
immunodef ic iency  v i rus  (HIV)  in fec ted
individuals. They hypothesized that HIV may
induce  HERV express ion  in  HIV infec ted
ce l l s ,  and  tha t  a  vacc ine  ta rge t ing  HERV
ant igens  may  spec i f ica l ly  e l imina te  HIV
infected cells. The potential advantage of this
approach is that, by using HERV antigens as
surrogate markers  of  HIV infected cel ls ,  i t
could c i rcumvent  the  dif f icul ty  inherent  in
d i rec t ly  t a rge t ing  no tor ious ly  d iverse  and
rapidly mutating HIV antigens.  If  i t  works,
ERVs shall be useful for human application.
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