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Endogenous retroviruses are known to exist not only in
animals, but also in human genomic DNA1,2. Human
endogenous retroviruses (HERV) generally lack the extra-
cellular phase characteristic of retroviruses and they are
inherited as stable Mendelian genes. Since HERV make up
0.1 to 0.6% of human DNA, they contribute substantially to
the architecture of the human genome1.

Several reports have suggested that expression of HERV
proteins induced by the activation of HERV sequences plays
an important role in the induction of autoimmune diseases,

including SLE3-8. We reported the detection of serum anti-
bodies to HERV clone 4-1 products (p30gag) in patients with
SLE9. In certain patients with SLE, viral component parts of
HERV clone 4-1 such as p30gag may be produced and
contribute to the induction of SLE related immune dysfunc-
tion. We performed detection and quantitative analysis of
mRNA of the HERV clone 4-1 gag region in patients with
SLE and examined the effects of steroid treatment on the
expression of clone 4-1 gag mRNA. We discuss the possible
role of HERV clone 4-1 in the induction of SLE.

MATERIALS AND METHODS
Patients. We studied 15 Japanese patients with SLE (women aged 20–48
yrs) diagnosed using the 1982 American Rheumatism Association revised
criteria10. Control samples were obtained from age and sex matched normal
healthy volunteers. The number of patients with cardinal clinical symptoms
was as follows: renal disorder 7, hematologic disorder 2, neurologic
disorder one, malar rash one, pulmonary disorder one, other symptoms 3.
Three patients had not received any steroid and the remaining patients were
treated with prednisolone for between one and 24 months. No patient
received any immunosuppressive agents before the collection of samples.
There were no pregnant subjects.

Polymerase chain reaction (PCR) and sequencing. Peripheral blood
mononuclear cells (PBMC) were separated from SLE and control samples
by centrifugation on a Ficoll-Paque cushion. Total RNA from patients’ and
controls’ PBMC (1 × 107) was isolated by phenol and guanidine thio-
cyanate as described11. The cDNA from purified RNA was obtained with a
First Strand cDNA Synthesis kit (Amersham International,
Buckinghamshire, England) using avian myeloblastosis virus (AMV) RT.
Briefly, mRNA (2 µg) was incubated with 2.5 µg of oligo-dT, 10 µl of first
strand synthesis reaction buffer, 2.5 µl of sodium pyrophosphate solution,
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5 µl of dNTP mixture, and 5 µl of human placental ribonuclease inhibitor
in the presence of AMV RT (20 units) at 42ºC for 50 min.

HERV clone 4-1 was kindly provided by Dr. R. Repaske2 (Figure 1).
Reverse transcription (RT)-PCR of sample cDNA with adequate primers of
the clone 4-1 gag region was performed using Clontech Amplimer sets
(Clontech Laboratories, Palo Alto, CA, USA). The following primers were
used: 5′-TCCCCTGAGAGAGCAGCA-3′ (gag primer 1 in Figure 1) and
5′-TGTGCTTTGACTAACTAAAGC C-3′ (gag primer 2 in Figure 1). Gag
primer 1 is derived from the sequence encoding p30gag of clone 4-12. Gag
primer 2 is reported to be a universal primer derived from a highly
conserved region of p30gag 12. For amplification, PCR involved 35 cycles of
94ºC for 45 s to denature, 56ºC for 45 s to anneal, and 72ºC for 2 min to
elongate in the standard PCR mixture (Perkin-Elmer Cetus, Emeryville,
CA, USA). To examine the contamination of proviral DNA, samples
containing mRNA without RT were also amplified under the same condi-
tions. The PCR products were run on a 2% agarose gel containing 0.5
µg/ml of ethidium bromide.

To investigate the sequences of PCR products in SLE patients, the
direct sequencing method was used, as described13.

Quantitative analysis of mRNA of clone 4-1. Quantitative analyses of
mRNA were performed using RQ-PCR, as described14,15. TaqMan primers
and probes were designed with the computer programs — Primer Express
(Perkin-Elmer Applied Biosystems), and EuGen (Daniben System,
Cincinnati, OH, USA). The following primers of clone 4-1 were used: 5′-
CACATGGTGGAGAGTCGTGTTT-3′ (1693–1714 nt) and 5′-
GCTTGCGGCTTTTCAGTATAGG-3′ (1772–1793 nt). TaqMan probe
(Perkin-Elmer Applied Biosystems) of clone 4-1 gag region (5′-TTCAC-
CTCTGCCGACCTTCTCAACTGGA-3′; 1729–1756 nt) was labeled with
FAM reporter dye (6-carboxyterafluorescein) at the 5′ end and with
TAMRA (6-carboxyteramethylrhodamine) at the 3′ end as the quencher
dye. Reaction mixtures of 25 µl contained 10× TaqMan buffer (2.5 µl), 3.5
µM MgCl2, 0.5 µl dATP, dCTP, dGTP, and dUTP, 200 nM each primer, 100
nM probe, 0.25 units of AmpliTaq Gold DNA polymerase, 0.125 units of
AmpErace uracil N-glucosidase (UNG) (TaqMan PCR core reagent kit,
Perkin-Elmer Applied Biosystems), and 100 ng of sample DNA. PCR was
completed in an ABI RPISM 7700 Thermal Cycler (Perkin-Elmer Applied
Biosytems, Forster City, CA, USA) and included a 2 min 50ºC UNG acti-
vation, a 10 s 95ºC TaqGold activation and predenaturation, and 40 cycles,
each consisting of a 15 s 95ºC denaturation and 1 min 60ºC annealing step.
The standard curve composed of 5 points (102, 103, 104, 105, and 106

copies) was established using HERV clone 4-1 gag and pol cDNA
(1630–2893 nt). Experiments were performed with duplicates for each data
point.

Statistical analysis. Statistical analysis was performed using Student’s t
test.

RESULTS
As shown in Figure 2, mRNA of clone 4-1 gag region was
detected in SLE patients, but not controls, by RT-PCR using
gag primers 1 and 2. Our sequence analysis indicated that
there were much higher homologous sequences (roughly
95% homology) between this 660 bp mRNA in the SLE
patients and the consensus sequence of clone 4-1 (data not
shown).

Recently, a novel technology to measure the quantities of
mRNA has become available14,15. This assay (the TaqMan
method) exploits the 5′–3′ nuclease activity of the Taq poly-
merase to detect and quantify specific PCR products as the
reaction proceeds. Using this methodology, we performed
quantitative analysis of clone 4-1 gag mRNA in these SLE
patients and controls (Figure 2). As shown in Figure 3, this
method also indicated higher quantitative levels of clone 4-
1 gag mRNA in SLE patients compared with control levels.
In the experiment using a greater number of patients, signif-
icant quantitative differences of this mRNA between SLE
patients and controls were observed (Figure 4).

Furthermore, we examined the influence of steroid treat-
ments on the expression of clone 4-1 gag mRNA in patients
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Figure 1. Structure of clone 4-1. Numbers indicate the nucleotide number. ORF: open reading frame.

Figure 2. Detection of clone 4-1 mRNA in SLE and healthy individuals.
MWM: molecular weight marker.
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with SLE. As shown in Figure 5, levels of such mRNA were
decreased by the treatment. In addition, quantitative
analyses by the TaqMan method also indicated a decreasing
amount of mRNA in the same patients (Figure 6).

DISCUSSION
A role for retroviruses, including endogenous retroviruses,
as an etiologic factor in autoimmune diseases such as SLE
is supported by the following evidence: (1) the importance
of endogenous retroviruses in mouse models of SLE16-18; (2)
the detection of antibodies, antigens, and sequences for
animal and human retroviral components in the organs and
serum of patients with autoimmune diseases such as
SLE3–8,19-24; (3) electron microscopic detection of unknown
retroviral particles in the organs of SLE patients25; (4) the
finding that viral components derived from endogenous or
exogenous retroviruses can induce the immune abnormali-
ties observed in SLE26,27; and (5) the similarity of auto-
immune manifestations and immune dysregulation between
patients with SLE and those infected with known human
retroviruses such as human immunodeficiency virus 
(HIV-1)28.

HERV clone 4-1, which widely exists in the genomic
DNA of Japanese, is a member of the HERV-E family and
has roughly 8.8 kb sequences including open reading frames
in the gag, pol, and env regions2. There are between 32 and
50 copies of clone 4-1 per haploid genome and 11 integra-
tion sites of the HERV in chromosomes 2, 3, 4, 7, 9, 11, 17,
19, and 2029,30. Although studies indicate that retroviral
p30gag proteins derived from nonhuman endogenous retro-
virus are deposited in the glomeruli of patients with SLE,
and serum antibodies to this nonhuman p30gag are detected
in SLE patients19-22, we detected antibodies to clone 4-1
p30gag in 48.3% of Japanese patients with SLE, while the
antibody was not detected in healthy control serum9. This
indicates that the transcription of HERV clone 4-1 genes
may be facilitated and virus particles or components may be
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Figure 3. Quantitative analyses of clone 4-1 mRNA in SLE and normal controls. Bars indicate means and stan-
dard errors.

Figure 4. Comparison of the quantity of clone 4-1 mRNA between patients
with SLE and normal controls.
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produced in some patients with SLE. Supporting this
concept, HERV antigen in the lymphocytes of SLE patients
was detected using antibodies to clone 4-1 gag products
(data not shown), as well as the detection of clone 4-1
mRNA (Figure 2) in our laboratory. Similar data to those for
the clone 4-1 gag region have also been obtained for the env
region, although these results are not described here.
Further, certain viral component parts derived from animal
and human endogenous or exogenous retroviruses (such as
p15E) can induce immune dysfunction as observed in
patients with SLE, including CD4+ T cell activation and
anergy, and polyclonal B cell activation26,27. Our recent
results also indicated that clone 4-1 derived peptides could
induce these cell abnormalities (data not shown). Studies
indicate that the molecular mimicry between certain retro-
virus components and autoantibodies is important for the
development of autoantibody production22-24. In addition,
such CD4+ T cell abnormalities may contribute to the break-
down of self-tolerance and the resultant induction of SLE
related autoimmune phenomena, including autoantibody
production, in cooperation with polyclonal B cell activa-
tion31.

We performed quantitative analyses of mRNA of HERV
clone 4-1 and examined the effect of steroid on the expres-

sion of the mRNA using the TaqMan methodology. Several
groups have shown that RQ-PCR with the TaqMan tech-
nology can be used for quantitative detection of human and
animal viruses such as human hepatitis viruses and feline
immunodeficiency viruses as an animal model for acquired
immunodeficiency syndrome32,33. Our results indicated that
the amount of mRNA of clone 4-1 gag region in SLE
patients is greater than that of healthy controls (Figures 3
and 4), and that steroid treatments could reduce the expres-
sion of the mRNA (Figure 6). These results suggest that the
transcription of clone 4-1 occurred in SLE patients and that
steroid could inhibit this process. In addition to the immuno-
suppressive effects of steroid for lymphocyte functions in
SLE, the inhibitory effect of HERV transcription through
suppression of the promoter area of HERV may be impor-
tant for the steroid efficacy in SLE. Indeed, other immuno-
suppressive agents such as cyclosporin A and FK506 are
known to inhibit promoter activity of HIV-1 integrated in
human genomes as proviruses and to suppress the transcrip-
tion from them34.

Our computer search of current entries in sequence
libraries (GenBank database) indicated that there were much
higher homologies (over 95% homology) between the clone
4-1 gag region sequence in SLE detected by our methods
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Figure 5. Effects of steroid treatment on detection of clone 4-1 mRNA: before (1, 3) and after (2, 4) steroid treat-
ment in cases 1 and 2.

Figure 6. Quantitative changes of clone 4-1 mRNA before and after steroid treatment.
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and the consensus sequence of clone 4-1 located in chromo-
some 11 of healthy individuals as compared to the other
chromosomes35. This finding raises the possibility that the
clone 4-1 transcribed in SLE may be derived from chromo-
some 11, although further sequence studies are required to
clarify this35.

In controls, clone 4-1 mRNA was not detected using RT-
PCR (Figure 2), but quantitative analysis using RQ-PCR
revealed the detection of its mRNA, although the amount
was extremely small (Figures 3 and 4). This discrepancy
may depend on the difference of sensitivity between the RT-
PCR and RQ-PCR methods. Further, our preliminary results
indicated that 5-AZA-2′-deoxycytidine, a demethylation
agent, made it possible to increase the amount of clone 4-1
mRNA in control lymphocytes detected by the TaqMan
method, and that the stimuli of mitogens, such as
concanavalin A, phytohemagglutinin, and lipopolysaccha-
ride, could not induce the quantitative increase of clone 4-1
mRNA from normal lymphocytes (data not shown). These
results indicate that methylation may play an important role
in inhibiting the transcription from clone 4-1 genomic DNA
to its mRNA in healthy individuals, as reported for other
HERV36, and the expression of clone 4-1 mRNA is not the
consequence of cell activations, although SLE lymphocytes
are known to be activated in vivo31.

To clarify the pathogenic role of HERV clone 4-1, we are
now investigating transcription and translation mechanisms
of HERV clone 4-1, and relationships between the quantita-
tive expression of clone 4-1 mRNA and clinical symptoms
or disease activity in SLE using a larger number of patients.
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