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A
�

bstract. R
	

etroviruses have been implicated in the pathogenesis of several human autoimmune condition
 s in-
c� luding Sjögren’s syndrome, primary biliary cirrhosis, immune mediated diabetes, and multiple sclerosis. The
human intracisternal A type particle derived from Sjögren’s syndrome patients’  salivary gland

�
s was the first

r
 etrovirus to be isolated from a human autoimmune disorder but the agent has yet to be cloned. In primary biliary
c� irrhosis patients, virus like particles have been observed by electron microscopy in biliary epithelium, endogen-
o� us retroviral sequences have been cloned from liver samples, and antibody reactivity to the human intracisternal
A type particle has been observed in the majority of patients tested. However, there is no evide� nce to link the
e� ndogenous retroviral sequences in primary biliary cirrhosis patients to the retroviral ant

�
ibody reactivity or virus

like particles. In other patients with liver disease, reactivity to the human intracisterna� l A type particle was
o� bserved in a small but significant proportion of patients with hepatitis C virus infection
 . If the intracisternal
A type particle is an endogenous retrovirus, it is interesting to speculate that hepatitis C virus infection may
m� odulate the endogenous retroviral expression, as chronic hepatitis C has been linked with the�  development of
Sjögren’s syndrome. Furthermore, many patients with chronic hepatitis C virus infection have reactivity to an
a� utoantigen of unknown significance known as GOR that has protein sequence homology with bot

�
h hepatitis

C
�

 virus nucleocapsid protein as well as HTLV-1 gag. This may be an another example of an endog� enous retroviral
p� rotein acting as an autoantigen in liver disease patients. At this time, there is little evide� nce to suggest that
e� ndogenous retroviruses are infectious agents that cause autoimmune disease but they may be implicated as either
g� enetic elements or antigens. Further studies will be required to characterize the role that bo� th exogenous and
e� ndogenous retroviruses play in the pathogenesis of autoimmune liver diseases.
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�

-type particle, primary biliary cirrhosis; Sjögren’s syndrome; systemic lupus erythematosu� s.

Several recent reports have suggested a possible
role for retroviruses in the pathogenesis of a variety of
human autoimmune disorders including multiple scle-
r
 osis, immune mediated diabetes, Graves’  disease and
p� rimary biliary cirrhosis7

�
, 18, 27, 36. An investigation into

t
�
he retroviral induction of multisystem autoimmune dis-

o� rders was originally prompted by the finding of in-
d

�
eterminate Western blot reactivity to human immuno-

d
�
eficiency virus (HIV), and human T cell leukemia

v� irus proteins in patients with systemic lupus erythema-
t

�
osus (SLE) and Sjögren’s syndrome13, 40, 41. These ob-

servations ultimately led to the isolation of a retrovirus
from the salivary glands of Sjögren’s syndrome pa-
t

�
ients, known as the human intracisternal A-type par-

t
�
icle (HIAP), named because of its morphologic resem-

b
�
lance to the murine endogenous A-type retroviruses12.



W
�

estern blot studies have shown that the majority
o� f patients with Sjögren’s syndrome and SLE had
marked reactivity to the characterized HIAP proteins
c� ompared to only a minority of disease controls and
healthy individuals12, 15, 27. Similar HIV and HIAP im-
munoblot studies have now been used as a surrogate
m� arker to demonstrate that patients with primary biliary
c� irrhosis (PBC) and other idiopathic biliary disorders
have retroviral antibodies27. The significance of these
f

�
indings has been enhanced by preliminary studies do-

c� umenting virus-like particles in the biliary epithelium
a� nd the possibility of a transmissible factor in lymph
n
 odes of PBC patients3

�
9, 49. In this review, the evidence

for retroviral induction of autoimmune diseases in
g� eneral, and PBC in particular, with be discussed and
w� e will speculate on the possible involvement of en-
d

�
ogenous retroviruses as autoantigens in the etiology of

a� utoimmune liver disorders.

R
�

etroviruses and Autoimmunity 

D
 

ue to their complex replication strategy, retro-
v� iruses display a marked variety of pathogenic interac-
t

�
ions with their host as exogenous infectious agents and

e� ndogenous “genes”  integrated into the host germline.
Their role in the pathogenesis of cancer, immunodefi-
c� iency states, and chronic inflammatory disorders has
b

�
een well documented and there is accumulating evi-

d
�
ence to implicate retroviruses in the etiology of auto-

immune diseases as well. With regard to the latter,
h

!
uman endogenous retroviruses (HERV) appear to be

o� f particular interest because of their very nature. As
p� revious pathogens, HERV have infected germ line
c� ells and are subsequently transmitted as a stable Men-
d

�
elian genetic trait. When HERV proteins are ex-

p� ressed, the immune system views them as “ immuno-
l

"
ogic self” . HERV have co-evolved with their host and,

in some instances, the relationship has been beneficial.
F

#
or example, it is probable that these elements have

p� rovided the intricate mechanisms necessary for
g� enetic rearrangement of genes essential for the forma-
t

�
ion of immunoglobulins46. Furthermore, the long ter-

m� inal repeats (LTR) of some HERV have provided
functional promoters for host genes47. However, pres-
u� mably because of their potentially damaging effects,
t

�
he majority of HERV cannot make functional proteins

b
�
ecause of deletions or mutations within their open

reading frames or are transcriptionally silenced by
b

�
eing heavily methylated4

$
7. In some cases, however,

HERV are not just molecular fossils. For example,
some of the multi-copy family HERV-K can synthesize
v� iral proteins as well as virus like particles. However,

t
�
here is little evidence to suggest that HERV may ac-

t
�
ually become infectious agents4, 47.

Although an attractive proposition, the role of
H

%
ERV in human autoimmune disease remains specula-

t
�
ive at this time, even though they appear to have the

right credentials to break immune tolerance. The HIAP
h

!
as yet to be cloned and therefore it is not known

w� hether this is an endogenous or exogenous retrovirus.
However, the similar appearance of HIAP and the
H

%
TDV/HERV-K Western blots and the detection of an

u� ncleaved gag product on immunoblot suggest that
HIAP may be an endogenous agent, as the name sug-
g� ests3

�
, 12. The multiple sclerosis retrovirus, which is

p� robably a HERV, has been recently cloned from lep-
t

�
omeningeal cells from patients with multiple scle-

r
 osis3
�

6. This agent has been specifically detected in the
serum of patients with multiple sclerosis who have not
b

�
een treated with corticosteroid therapy and in a small

m� inority of controls3
�
6. At this time, it is unknown what

role this element plays in the pathogenesis of multiple
sclerosis. Another HERV, referred to as IDDMK1,22

&
2,

a�  member of the HERV-K10 family, has been linked
t

�
o immune mediated diabetes. A claim was made that
t

�
he onset of diabetes coincided with a demonstrable
I

'
DDMK1,22

&
2 viremia that was not observed in healthy

c� ontrols7
�
. However, we and others have found that

similar proportions of diabetic patients and controls
have evidence for IDDMK1,222 viremia as well as im-
munoblot reactivity to the g( ag and e) nv gene products2

�
3.

Therefore, it is highly unlikely that IDDMK1,222 vire-
m� ia is specific for immune-mediated diabetes. How-
e� ver, this agent reportedly has superantigen properties
t

�
hat may play a pivotal role in the pathogenesis of im-
mune-mediated diabetes (v* ide infra)

+
.

To date, the strongest evidence suggesting a central
role for both exogenous and endogenous retroviruses
(ERV) in autoimmune disease comes from animal mod-
e� ls. Several retroviral infections in horses, sheep, and
r
 odents manifest themselves with abnormalities of im-
munity and disease processes not dissimilar to human
d

�
isorders such as rheumatoid arthritis and multiple scle-

rosis, which have been well documented in a previous
r
 eview13. There are also numerous examples describing
t

�
he role of ERV in the induction of autoimmune disease

b
�
y a variety of virologic, immune, genetic and regula-

t
�
ory mechanisms. Several reports have shown that ex-

p� ression of ERV particles is related to the evolution of
t

�
he disease process. For example, in the NOD mouse

t
�
he presence of C-type ERV particles in β i

,
slet cells

d
�
irectly correlates with the development of diabetes,

a� nd in the NZB lupus prone mice, the development of
immune complex mediated nephritis is associated with
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t
�
he production of large amounts of antibody to an en-

d
�
ogenous mink cell focus-forming e) nv protein13, 17.

Retrotransposition of ERV can result in an autoimmune
p� henotype by insertional mutagenesis and disruption of
g� ene expression. In the MLR/lpr lupus prone mouse,
t

�
he expression of f

-
as is markedly diminished by a 5.3

k
.
b insertion of the ETn transposon into the second in-

t
�
ron of the f

-
as gene, resulting in failure of apoptosis and

p� roliferation of T lymphocytes5
/

, 48. The reader is di-
r
 ected towards recent reviews that have documented
t

�
hese examples in more detail13, 32.

Retroviral superantigen expression has been pro-
p� osed as a mechanism for the induction of autoim-
munity. Of interest is that this mechanism may be in-
t

�
egral to the biology of the retrovirus, but it can also

c� onfer protection to the host if the endogenous retro-
v� iral superantigen gene is expressed. During exogenous
infection, the murine mammary tumor virus (MMTV)
superantigen stimulates specific T lymphocyte Vβ sub-
sets and, in doing so, provides a vehicle for viral repli-
c� ation1. In contrast, the endogenous expression of
M

0
MTV superantigen serves to delete specific T lym-

p� hocyte Vβ subsets during development and thus pro-
t

�
ects the host from infection with the exogenous strain

r
 equiring that particular subset of T lymphocytes1.
A role for a HERV superantigen has recently been pro-
p� osed in the pathogenesis of immune mediated diabetes
b

�
y CONRAD and colleagues6

1
, 7. This model was based

o� n finding a selective enrichment of Vβ7
2
 T lympho-

c� ytes in the pancreas of diabetic patients, the cloning
o� f a superantigen encoded by the envelope gene of
IDDM1,222 and the demonstration that the envelope
p� rotein mediated a Vβ7

2
 superantigen effect6

1
, 7. At this

t
�
ime, it is unknown how the superantigen is specifically

e� xpressed in the islet cells. However, it seems unlikely
t

�
hat IDDMK1,222 particles are specifically associated

w� ith immune mediated diabetes2
�

3.

Retroviruses and Primary Biliary Cirrhosis

PBC is an idiopathic liver disorder characterized by
t

�
he progressive granulomatous destruction of bile ducts.

I
'
t is considered an autoimmune disease because 95%

o� f patients have anti-mitochondrial antibodies (AMA)
r
 eactive to a protein on the inner mitochondrial mem-
b

�
rane, characterized as the E2 component of pyruvate

d
�
ehydrogenase (PDC)44. The biology of this mitochon-

d
�
rial enzyme appears to be disturbed in PBC patients

w� ho have immunohistochemical evidence of antigens
resembling PDC-E2 on the apical surface of the dis-
e� ased biliary epithelium19, 44. Indeed, both the detection
o� f AMA and the demonstration of biliary antigens im-

m� unologically similar to PDC-E2 are highly specific
for PBC and also provide a mechanism by which an
immune response to a ubiquitous mitochondrial antigen
m� ay be restricted to biliary epithelium. This specific
marker for disease also provides definitive evidence
t

�
hat PBC reoccurs following transplantation, as do-

c� umented by detection of serum AMA, loss of bile
d

�
ucts and immunohistochemical evidence of the

a� ntigen resembling PDC-E2 on biliary epithelium in the
a� llograft3

�
4, 45. The notion that PBC has an infectious

e� tiology is also supported by the clustering of PBC in
families and care-providers as well as the increased
p� revalence of disease in specific geographic location
such as Sheffield, UK, within the distribution of a spe-
c� ific water supply3

�
3, 42.

I
'
n order to isolate a putative infectious agent asso-

c� iated with PBC, representational difference analysis
w� as performed using the liver and skin from a PBC
p� atient. Previously, this methodology has been used to
d

�
iscover the Kaposi sarcoma virus, GBV-A and -B, as

w� ell as the transfusion transmitted virus, TTV, but it
a� lso has the utility of detecting a proportion of dele-
t

�
ions, point mutations and rearrangements within the

g� enome26. The difference products from the PBC liver
w� ere cloned and sequenced, revealing various known
e� ndogenous retroviral sequences as well as novel retro-
v� iral sequences49. Other investigations to identify a pu-
t

�
ative agent associated with PBC have been performed

in a “blinded”  fashion, using cultured biliary epithelial
c� ells from PBC patients and controls undergoing liver
t

�
ransplantation. In these electron microscopy studies,

several enveloped virus-like particles were observed in
3 of 4 PBC patients, whereas only a solitary particle
w� as seen in the biliary epithelium in 1 of 4 control
p� atients4

$
9. The particles had a morphology and size

c� onsistent with retroviruses, but these preliminary re-
sults did not provide definitive data. In separate co-cul-
t

�
ure studies, lymph node extracts from PBC patients or

l
"
iver disease controls were incubated with normal bil-

iary epithelium and the cells were processed by immu-
nohistochemistry to assess whether there was evidence
o� f AMA reactivity on the cell surface, typical for PBC
p� atients. Reactivity to PDC-E2 was up-regulated in bil-
iary epithelial cells stimulated by PBC lymph node ex-
t

�
racts, but not controls, indicating that PBC patients

may harbor a transmissible factor with the ability to
specifically alter the biliary epithelium to a PBC pheno-
t

�
ype3

�
9. Further electron microscopy and cloning studies

w� ill be required to determine the nature of the virus-like
p� articles and transmissible agent.

A
�

s previous serologic studies of SLE and Sjögren’s
syndrome had shown that patients harbor cross reactive

4
$
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a� ntibodies to HIV gag and HIAP proteins, we con-
d

�
ucted HIV and HIAP Western blots in individuals

w� ith various forms of liver disease. We found that none
o� f the patients’  serum had reactivity with the envelope
p� roteins to make a Western blot diagnosis of HIV in-
fection. Of note, approximately 35% of patients with
P

3
BC and primary sclerosing cholangitis had serologic

reactivity to HIV gag protein, in contrast to only 4% of
p� atients with toxic or metabolic liver disease and
h

!
ealthy volunteers27. Another clinically important ob-

servation from this study concerns the significant dif-
ferences in HIAP Western blot reactivity in PBC pa-
t

�
ients compared to all the other liver disease control

c� ohorts. Ober half the PBC patients studied had immu-
n
 oblot reactivity to 2 or more HIAP proteins, which
w� as found to be significantly greater than all the other
liver disease comparison groups and healthy volunteers.

The biologic relevance of these findings is enhanced
b

�
y the close relationship between HIAP infection and

Sjögren’s syndrome, as the latter multisystem autoim-
m� une disorder shares several clinical, immunologic and
p� athologic features with PBC. For example, PBC pa-
t

�
ients often present with clinical manifestations of

Sjögren’s syndrome, and even those without evidence
o� f sicca syndrome often have laboratory tests indicative
o� f subclinical xerostomia and xeropthalmia2, 15. In ad-
d

�
ition, patients with Sjögren’s syndrome can develop

a� ntibody reactivity to PDC-E2, a finding that is highly
specific for PBC patients4

$
4. Furthermore, patients with

b
�
oth PBC and Sjögren’s syndrome can develop aber-

r
 ant expression of PDC-E2 on salivary epithelial cell
surface, an immunohistochemical finding that is gener-
a� lly restricted to PBC biliary epithelium43. As patients
w� ith Sjögren’s syndrome and PBC suffer from a com-
p� arable pathophysiologic process, it is tempting to
speculate that a retrovirus with antigenic similarities to
H

%
IAP plays an important role in the multi-factorial dis-

e� ase process of PBC.

HIV p24 Reactivity in Patients 
w4 ith Chronic Viral Hepatitis

A
�

s part of the comparison group of patients with
c� hronic liver disease, serum from 48 patients with
c� hronic viral hepatitis was used for the HIV Western
b

�
lot study. About 38% of those with chronic hepatitis

C
�

 virus (HCV) infection and 60% of patients with
c� hronic hepatitis B virus (HBV) infection were found
t

�
o have HIV p24 gag reactivity2

�
7. This observation may

b
�
e partially attributable to the shared immunodominant

o� r confirmational epitopes of both HBV and HCV with
retroviral elements. Certainly, HBV shares a common

b
�
iology with retroviruses. Both viral families have

similarities in genomic organization and share nucleo-
t

�
ide homology in direct repeat, nucleocapsid and

p� olymerase regions29. Also, both viruses have an analo-
g� ous replication cycle using a reverse transcription
mechanism to convert the RNA pregenome into the
D

 
NA genome and v* ice versa2

�
9. While a similar rela-

t
�
ionship of flaviruses and retroviruses is not immedi-

a� tely apparent, it is possible that HCV may share im-
m� unodominant epitopes with HIV p24 gag as well.
Protein alignment studies of HBV core protein, HCV
p� 22 and HIV p24 gag reveal that the nucleocapsid pro-
t

�
eins of both HBVand HCV share a comparable homo-
logy with HIV p24 (Fig. 1). In fact, in this alignment
t

�
he HBV core protein shares 14 conserved and 23 func-

t
�
ionally similar amino acids with HIV p24, whereas the

HCV p22 protein shares 15 conserved and 14 similar
a� mino acids with the HIV nucleocapsid. Of note, both
H

%
BV and HCV nucleocapsid proteins share more ho-

mology with HIV p24 gag than with each other, con-
sistent with the notion that retroviral agents may be
a� ncestral to other viral orders.

The detection of anti-p24 HIV gag antibodies in
a�  variety of disease states where no HIV can be found
m� ay also be an intrinsic function of the promiscuity of
a� ntibodies reactive to the retroviral group antigens
w� hich share cross-reactive epitopes with each other.
For example, it has been shown that high-affinity
monoclonal anti-p24 HIV antibodies may be polyspe-
c� ific despite undergoing antigen driven somatic muta-
t

�
ion which usually ensures antigen specificity2

�
0. When

a�  monoclonal anti-p24 HIV antibody was used to
screen a synthetic combinatorial library, a variety of 13
a� mino acid supertope motifs were encountered that
c� ompeted for the antibody’s paratope region.
A genome search of these supermotifs revealed a num-
b

�
er of autoantigens, suggesting that the HIV p24 gag

p� rotein is capable of activating an autoimmune re-
sponse to a variety of proteins20. This phenomenon has
b

�
een aptly illustrated in SLE patients with antibody

reactivity to HIV p24 gag and autoantibodies to the Sm
small ribonuclear protein. In these studies, Sm was used
t

�
o abrogate serum reactivity to HIV p24 gag in a pro-
p� ortion of the SLE patients, and in reciprocal studies,
H

%
IV p24 was used to inhibit the binding of an idiotypic

a� ntibody to the Sm protein4
$

1. Therefore, anti-p24 HIV
a� ntibody reactivity may either herald the presence of
a� utoantibodies that coincidentally cross-react with HIV
p� roteins, or it may be a surrogate marker for infection
w� ith a retrovirus antigenically related to HIV.

I
'
n fact, the two hypotheses are not necessarily mu-

t
�
ually exclusive if the autoimmunity is precipitated by

292 A. L. Mason et al.: Retroviruses in Autoimmune Disease



t
�
he presence of viral proteins in the first place. In our

W
�

estern blot study of a chronic liver disease cohort,
t

�
here was a strong correlation between reactivity to
e� ither HIV of HIAP proteins and the detection of auto-
a� ntibodies associated with autoimmune liver disease,
w� hich supports both hypotheses2

�
7. However, the pre-

liminary studies of an uncharacterized retrovirus in pa-
t

�
ienst with PBC clearly support the role of a retroviral
mechanism for the formatioin of autoantibodies. More-
o� ver, the HIAP was originally discovered using an anti-
-HIV gag antigen capture assay to isolate lymphoblas-
t

�
oid cells infected with the retrovirus12. Subsequent

HIAP Western blot studies have revealed a marked as-
sociation between SLE and Sjögren’s syndrome with
HIAP reactivity12, 13, 27. However, it is interesting to
n
 ote that patients with SLE and Sjögren’s syndrome
r
 eact to different peptides of the HIV p24 gag protein,
suggesting that either different immune responses or
d

�
ifferent agents are implicated in the pathogenesis of

e� ach disorder9
5
.

HIAP Reactivity in Patients 
w4 ith Chronic Viral Hepatitis

Patients with chronic viral hepatitis infection may
p� resent with immune mediated syndromes such as vas-
c� ulitis, glomerulonephritis and thyroiditis, and may also
make a variety of autoantibodies25. With regard to
m� ultisystem autoimmune disorders, sialadenitis has
b

�
een observed in approximately half of the HCV-in-

f
�
ected patients studied, even though symptoms of sicca

syndrome and diagnostic autoantibodies associated
w� ith Sjögren’s syndrome are rarely observed16, 35, 37.
Reports concerning the prevalence of HCV infection in
p� atients with Sjögren’s syndrome are contradictory and
v� ary from 0 to 40% and some authors claim that this
m� ulti-systemic disorder only occurs in HCV-infected
p� atients with essential mixed cryoglobulinemia21, 38.
However, the observation of sialadenitis in transgenic
mice expressing HCV envelope genes suggests a direct
r
 ole for HCV proteins in mediating salivary disease2

�
2.

Fig. 1. Alignment studies of amino acids (aa) 56-149 of the 183 aa HBV core protein (accession number X7
6
5665), aa 66-191 of the

191 aa HCV nucleocapsid/matrix protein (accession number Q00269), and aa 99-231 of the 231 aa HIV p24 gag protein (accession
n7 umber K02012), revealing shared antigenic determinants of each nucleocapsid protein. The ClustalW alignments were perfomed with
MacVectorTM 6.5 software and the darkly shaded areas represent aa identify and the lightly shaded areas represent aa similarity be-
t
8
ween each protein

A. L. Mason et al.: Retroviruses in Autoimmune Disease 293



T
9

he accumulated data support a role for HCV infection
in the pathogenesis of sialadenitis, and possibly
Sjögren’s syndrome as a rare event in predisposed in-
d

�
ividuals.

O
:

ur study of patients with chronic viral hepatitis
revealed interesting data with regard to HIAP Western
b

�
lot reactivity and the possible role of HCV infection

in mediating Sjögren’s syndrome. A significant dif-
ference in frequency of reactivity to 2 or more HIAP
p� roteins was observed between patients with chronic
H

%
BV and HCV infection (5% vs 30%)2

�
7. This cannot

b
�
e so easily attributed to protein homology, as limited

H
%

IAP amino acid sequence data is available for se-
q; uence comparison. However, the limited association
o� f HCV infection with Sjögren’s syndrome may pro-
v� ide clues to why patients with HCV infection have
i

,
ncreased HIAP reactivity. As there is compelling data

t
�
o link HIAP with Sjögren’s syndrome12, 13, it is tempt-

i
,
ng to speculate that HCV infection may modulate the

e� xpression of HIAP, which is presently considered an
e� ndogenously encoded retroviral element.

The notion that HCV may modulate the expression
o� f endogenous retroviruses permits further speculation
a� s to the nature of certain autoantigens. As reported
p� reviously, the detection of anti-mitochondrial, anti-nu-
c� lear, anti-extracted nuclear antigen, and anti-double
stranded DNA antibodies correlated significantly with
r
 eactivity to the detection of HIAP antibodies2

�
7. Al-

t
�
hough the nature of the mitochondrial autoantigen has

b
�
een documented, some of the nuclear autoantigens as-

sociated with autoimmune liver disease and chronic
v� iral hepatitis have yet to be characterized in detail.
This is well illustrated by the observation in HCV in-
f

�
ected individuals of autoantibodies to a human en-

c� oded protein known as GOR, which was originally
i

,
solated as a cDNA clone from an HCV-infected Chim-
p� anzee3

�
0. Anti-GOR antibodies have been detected in

7
2
0 to 80% of HCV-infected patients and appear to be

specific for HCV infection28, 30. Also of interest is that
t

�
hese antibodies have been found to cross-react with

HCV nucleocapsid protein, suggesting a role of mole-
c� ular mimicry of viral and host proteins in the genesis
o� f the antibodies3

�
1.

The nature of the GOR protein is not known but it
a� ppears to demonstrate sequence similarity with
H

%
TLV-1 gag as well as the HCV nucleocapsid protein

(Fig. 2). In this alignment, the GOR protein shares 17
c� onserved and 9 similar amino acids with the HCV nu-
c� leocapsid protein, whereas there are 19 conserved and
11 similar amino acid residues with the HTLV-1 gag
p� rotein. This protein similarity provokes the notion that
G

<
OR may either be an endogenous retroviral protein or

related to one. However, apart from the L1 sequence
i

,
nserted at the 3’  of the GOR protein coding sequence,

t
�
here is insufficient nulceotide sequence data to deter-

mine other LTR, p= ol, or e) nv sequences that may encode
e� ndogenous retroviral proteins3

�
0. In addition, little is

k
.
nown about the GOR protein’s function, distribution,

F
>

ig. 2. ClustalW protein alignment studies of aa 62-147 of the 429 aa HTLV-1 gag protein (accesion number AF033817), aa 38-125
o? f the 191 aa HCV nucleocapsid/matrix protein (accession number Q00269) and aa 437-522 of the 525 aa Gor antigen (accession num-
b
@
er P48778: including the 447-461 GOR epitope), using MacVectorTM 6.5 software

294 A. L. Mason et al.: Retroviruses in Autoimmune Disease



a� nd expression. For example, it is not known whether
HCV infection modulates the expression of the GOR
p� rotein analogous to the observation in patients with
P

3
BC, who have an abnormal distribution of the PDC-

-E2 autoantigen on the biliary epithelium cell surface.
W

�
hile the mechanisms that promote HERV expression

r
 emain unexplored at this time, immunoreactivity to
t

�
hese elements is observed in patients with a variety of
a� utoimmune, infectious and neoplastic diseases13. Fur-
t

�
her studies will be required to investigate the possible

relationship of HERV activation and HCV infection in
more detail.

P
A

rospectus

T
9

o date, we have provided preliminary evidence to
suggest that retroviral agents may play a role in the
induction of the autoimmune disease process of patients
w� ith PBC. We have also suggested that endogenous
retroviruses may act as autoantigens in autoimmune
l

"
iver disorders and discussed their possible role as

g� enetic elements that inactivate genes, modulate gene
e� xpression, or mediate immune dysfunction in animal
models of autoimmune disease. In contradistinction, it
i

,
s also conceivable that endogenous retroviruses inter-

a� ct with exogenous retroviruses to prevent autoimmune
d

�
isease. For example, it has been proposed that these

g� enetic elements may be protective to the host through
a�  variety of mechanisms. These include prevention of
e� xogenous virus entering cells by competition for viral
p� rotein  receptors  as well as the known superantigen-
-mediated deletion of the T lymphocyte subsets that are
r
 equired for passage of the exogenous retrovirus13, 47.

There is also an argument that the lack of a protec-
t

�
ive HERV may be an important factor for patients with

e� ither PBC or autoimmune hepatitis. An association
w� ith the complement C4 gene as well as low levels of
serum C4 in patients has been well described in patients
w� ith PBC and autoimmune hepatitis10, 24. Both the so-
-called “ long” C4A and C4B alleles have a full length
HERV-K10 endogenous retrovirus inserted in a reverse
o� rientation in the ninth intron of the gene; whereas this
H

%
ERV is absent in the C4A and C4B “short”  alleles8.

As carriers of the long alleles make 2 antisense HERV
g� enomes when the C4 haplotype is transcribed in the
liver, it has been suggested that these HERVs may act
a� s an antisense mechanism to abrogate exogenous
retrovirus infection8. Of note, patients with PBC and
t

�
hose with autoimmune hepatitis have a greater fre-
q; uency of C4 deletions in one of the two C4 genes as
w� ell as a short gene in the remaining C4 allele10, 24.
Therefore, patients with autoimmune liver disease often

l
"
ack the hepatocyte protection afforded by this putative

a� ntisense mechanism.
This hypothesis would be in keeping with the ob-

servation that a transmissible element from PBC lymph
nodes can cause the PBC phenotype in any biliary epi-
t

�
helial cells in culture that are derived from healthy

subjects3
�

9. Family studies suggest that the development
o� f PBC has a strong genetic component3

�
3 and, if all

b
�
iliary epithelial cells are susceptible to the trans-

m� issible agent, then the genetic predisposition to dis-
e� ase is probably at the level of prevention of infection
a� nd the immune response to the agent. It is likely that
f

�
amily studies will ultimately be required to gain

a�  deeper understanding of the predisposing genetic fac-
t

�
ors associated with PBC that are outside the HLA re-

g� ion.
At this time, little is known about the aberrant ex-

p� ression of the PDC-E2 on the biliary epithelium cell
surface, which is the likely cause of breaking tolerance
t

�
o this autoantigen in PBC patients. Moreover, the le-

v� els of anti-mitochondrial antibodies observed in pa-
t

�
ients with PBC do not correlate with the clinical dis-

e� ase and therefore it is unknown whether the
d

�
estruction of bile ducts is mediated through an auto-

i
,
mmune disease process3

�
3. While it is tempting to

speculate that both endogenous and exogenous retro-
v� iruses play a role in the generation of the biliary dis-
e� ase and the associated autoimmune features, further
molecular and immunologic studies will be required to
implicate a viral etiology to help decipher the complex
i

,
nteraction of these agents in mediating PBC.
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