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Autoantibodies to human endogenous retrovirus-K are frequently detected in
health and disease and react with multiple epitopes
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SUMMARY

A number of studies have found increased levels of antibodies to human endogenous retroviruses
(HERVs) in autoimmune rheumatic diseases. It is not clear whether this immune response is driven by
the HERYV itself or by cross-reactions with an exogenous virus or an autoantigen. To address this ques-
tion, we examined the antibody response to the Env protein of two closely related members of the
HERV-K family, HERV-K10 and IDDMK, ,22. By immunoblotting of recombinant proteins, antibod-
ies were found in 32-47% of 84 sera from patients with autoimmune rheumatic disease, and 29% of 35
normal controls. Epitope mapping with overlapping 15mers identified multiple reactive peptides on
both antigens, with one (GKTCPKEIPKGSKNT) containing immunodominant epitope(s). By ELISA,
the median titre of antibody to this peptide was significantly increased in 39 patients with SLE com-
pared to 39 healthy controls and 86 patients with other rheumatic diseases (P < 0-003).

We have shown that there is a high frequency of IgG antibodies to HERV-K env sequences in human
sera, both in health and autoimmune rheumatic disease, and that the response is to multiple epitopes.
This supports the hypothesis that the autoimmune response to HERV-K is antigen-driven and may be

an early stage in the chain of events that leads to tolerance breakdown to other autoantigens.
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INTRODUCTION

Retroviral elements homologous to infectious retroviruses can be
found integrated as endogenous proviruses in the genome of
most vertebrates. In primates, such integration is thought to have
happened several times over the past 30 million years [1,2].
Endogenous retroviral related sequences represent up to 5% of
the human genome [3]. They are transmitted genetically in a
Mendelian fashion and for this reason are found in the genome
of all cells of the host. In many cases, human endogenous retro-
viruses (HERVs) contain deletions, stop codons or frame shifts
such that no protein is expressed. In other instances both tran-
scripts and proteins have been described. These include ERV-3
[4-8], HERV-W [9,10] and a number of members of the HERV-
K family [11-14].

Amongst the HERVs, HERV-K10 is one of the best charac-
terized. It was completely sequenced in 1986 as a full-length 9-4
kb provirus flanked by LTRs at both ends [11]. This element is
present in multiple copies (about 30) in the human genome [12],
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with most of them having open reading frames for Gag proteins
and for a truncated envelope protein [15]. At least one member
of this family has an open reading frame for a full length enve-
lope protein [16]. Recently, what was claimed to be a new human
endogenous retrovirus termed IDDMK, ;22 [17] was detected in
culture supernatants of leucocyte-infiltrated islet cells from two
patients with type 1 diabetes, though its proposed link with the
disease has been challenged by several studies [18-23]. Never-
theless, this sequence remains of interest because antibodies to
HERV-K Env protein have been detected in up to 30% of healthy
individuals [24].

Although it is still controversial that functional, replicating
endogenous retrovirus particles are expressed in human tissue,
there is little doubt that HERV-encoded proteins are present in
some tumours, cell lines and inflamed tissues from patients with
autoimmune disease [25,26]. Several studies have shown that anti-
bodies reactive with Gag or Env sequences from both HERVs
and infectious retroviruses such as HIV and HTLV-I can be
detected in human sera. In general, these antibodies are found
with a higher frequency and titre in patients with autoimmune
disease [27-30]. It has been suggested that those reactive with
HIV-1 or HTLV-I Gag are driven by cross-reactions with endoge-
nous retroviruses, autoantigens or, conceivably, infection with an
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exogenous human retrovirus [31,32]. One obvious candidate
would be human retrovirus-5 (HRV-5) [33,34].

In this report, we investigate antibodies to truncated envelope
proteins of two members of the HERV-K family, one 100% iden-
tical to the original published sequence of HERV-K10 and the
second 100% identical to IDDMK, ,22. We mapped their epitopes
to establish whether the antibodies are driven by these HERV-K
retrovirus sequences themselves or a cross-reaction with another
similar sequence.

MATERIALS AND METHODS

Serum samples

Blood for serum and for DNA extraction was collected from
patients attending Charing Cross Hospital and diagnosed accord-
ing to standard criteria [31] with informed consent and with
approval from the local Ethics Committee. Eighteen serum
samples from patients with newly diagnosed type 1 diabetes were
a kind gift from Professor Marco Londei, Kennedy Institute.
Normal sera were from healthy volunteers which were coded to
prevent identification of the donors.

Polymerase chain reaction amplification (PCR)

Genomic DNA was extracted using a Qiagen QIAamp Blood
Midi Kit (Qiagen, Crawley, West Sussex, UK) according to the
manufacturer’s specification. One ul of DNA template was used
in a 50-ul reaction volume containing 50 mM KCI, 10 mM TrisHCl
(pHS&3), 1-5mM MgCl2, 10 pmoles of each oligonucleotide
primer U3 (forward primer 5-ATGGTAACACCAGTCA
CATGGATGG-3, reverse primer 5-ACAGCTGGACT
CACTTGTGCAC-3’), 10mM of each dNTP and 2-5 units of Taq
polymerase (Bio/Gene Ltd, Kimbolton Cambridgeshire, UK).
Cycle conditions were: 1min at 94°C, 35 cycles of 94°C for 30s,
55°C for 30s, and 72°C for 1min and a final extension at 72°C
for Smin.

Cloning and sequencing

PCR products were cloned into pCR 2.1 vector (Invitrogen,
Groningen, The Netherlands) according to the manufacturer’s
recommendations and sequenced using an Applied Biosystems
377 automated DNA sequencer.

Construction of recombinant prokaryotic expression vector
Two of the sequences, one identical to HERV-K10 and one to
IDDMK, ,22 [17] were subcloned from pCR 2.1 into pTrcHis2B
(Invitrogen, Groningen, The Netherlands). To generate two dif-
ferent restriction enzyme sites (NCol, Xbal) at both ends, the
fragments were amplified by PCR using primers containing these
sites. For HERV-K10, forward primer, 5-GAGAACCATG
GTAACACCAGTCACATGGATGG-3" and reverse primer; 5'-
TTTGTTCTAGACCTAATATCACCGCACTATTGGC-3" were
used. For IDDMK,,22 the same forward primer as above was
used but with a different reverse primer, 5-TTTGTTCTA
GATCTATAATAGTTCCGAATTCATT-3", to encompass the
longer open reading frame. The reaction was performed as above
using the same PCR cycles.

The PCR products and the vector pTrcHis2B were digested
with NCol and Xbal and, after purification using the Geneclean
Spin Kit (Anachem, Luton Beds LU2 0EB, UK), the fragments

were subcloned into the dephosphorylated vector. Epicurian Coli
BL21-CodonPlus (DE3)-RIL (Stratagene, Amsterdam Zuidoost,
The Netherlands) was transformed with the plasmid. The fusion
protein expression was induced with IPTG 1mM, and purified
using Ni**-NTA beads (Qiagen, Crawley, West Sussex, UK),
according to the manufacturer’s recommendations.

Western blot

Proteins were separated on 12% SDS-polyacrylamide gels (SDS
polyacrylamide gel electrophoresis [PAGE]) and electrophoreti-
cally transferred to Immobilon PVDF membranes (Millipore,
Hertfordshire, UK). Blots were incubated with human sera at a
dilution of 1:100 and stained indirectly by using peroxidase-
conjugated goat antihuman antibodies (Bio-Rad, Hertfordshire,
UK). Reactive bands were visualized by chemiluminescence using
ECL (Amersham Pharmacia Biotech UK Ltd, Little Chalfont,
Bucks, UK) and Hyper film ECL (Amersham Pharmacia Biotech
UK Ltd, Little Chalfont, Bucks, UK).

Epitope mapping

The complete HERV-K10 env protein was synthesized as a series
of 15mers overlapping by eight amino acids on a derivatized
cellulose membrane (SPOTs Kit, Sigma-Genosys, Pampisford,
Cambridge, UK) using Fmoc Chemistry according to the manu-
facturer’s recommendations. Table 1 shows the 27 peptide
sequences synthesized. On the same membrane, eight additional
peptides corresponding to parts of IDDMK,,22 sequence which
differed from that of HERV-K10 sequence (marked with a prime;
Table 1). The membrane was incubated with serum at a dilution
of 1:100.

ELISA

Two synthetic 15mer polypeptides each with an additional cys-
teine at the C terminus were prepared and purified by Advanced
Biotechnology Centre (Imperial College, Charing Cross Hospital,
London, UK). The peptide identified as containing immuno-
dominant epitope(s) of HERV-K10 protein was peptide 17’
(GKTCPKEIPKGSKNT-C). The peptide was diluted in PBS
at 10 ug/ml and coated on to microtiter wells (Brand Products,
Munc-Immuno Plate MaxiSorp Surface) overnight at room
temperature, every two peptide-coated wells alternating with two
uncoated (PBS only) as controls for nonspecific binding. The
wells were blocked with PBS containing 2% Casein and 0-05%
Tween-20 (Blocking Solution). Serum samples were diluted in
the blocking solution (1/50) and added to the wells in quadrupli-
cate (two coated wells and two uncoated wells) for 2h at room
temperature. A titration curve was done on each plate with a
strongly reactive serum to ensure reproducibility between plates.
The plates were washed with PBS plus 0-05% Tween-20 and, after
blocking again with the blocking solution for 10 min, antibody
binding was detected using peroxidase-conjugated goat antihu-
man antibodies (Bio-Rad) diluted in Blocking Buffer (1:3500),
with an incubation for 1h at room temperature. After seven
washes with 0-05% Tween-20 PBS, substrate solution (KPL TMB)
was added for a few minutes and stopped with H,SO, (1:16).
The absorbance at 450nm was measured with a Victor 1420
Multilabel Counter (Wallac and Berthold, Crownhill, Milton
Keynes MKS8 0AB, UK). The absorbance on the uncoated wells
has been taken as negative and the mean was subtracted from the
mean absorbance of the coated wells.
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Table 1. Sequences of peptides synthesized for epitope mapping spanning the open reading frame
of HERV-K10

Spot Mol. wt. Peptide sequence
1 1794 MV TP VTWMDNUPTI E VY
2 1793 M DNUPIT E V Y VNDS I WYV
2 1779 M DNUPI EV Y VNDS V WYV
3 1745 Y VN D ST WV P GPT1T D DR
4 1622 v P G P 1 DDRUCP AK P E E
4 1610 V P G P T DD R CZP A K P E E
5 1717 R CP AKPEEEU GMMTI NI
6 1772 E E G MMI NI S 1T GY R Y P
7 1678 I S 1 GYRY P PI CL G R A
7 1659 I S 1T GYHY P PI1I CL G R A
8 1495 p P11 CL GR AP GO CL MP A
9 1627 A P G CLMP AV QNWIL V E
10 1651 AV Q NWL V E VP TV S P I
11 1763 E vp TVS PI1T S RFT Y HM
11’ 1764 E vp TVS P NS RV FT Y HM
12 1784 I S R F TYHMVS GM S L R
13 1750 M VS GMS L RP R VN Y L Q
14 1928 R P R VNYUL QDT F S Y Q R S
15 1856 Q DF S Y OR S LK FR P K G
16 1727 S L K F RP K GKUP CP K E I
17 1655 G K P CP KET1T P KES K NT
17 1587 G KT CP KET P K GS K NT
18 1800 I P K ES KNTE V L V WE E
18 1728 I P K GS KNTE VL V WE E
19 1648 T E VLV WE ECV AN S AV
19 1676 T E VLV WE ECV AN S V V
20 1678 E C VvV ANS YV VI L QNNE F

Additional peptides (marked with a prime) were also synthesized so that the open reading frame
(minus the last 5 amino acids) of IDDMK,,22 was also covered. Amino acid substitutions which

differentiate IDDMK, ,22 are marked in bold.

RESULTS

Cloning of the HERV-K10 and IDDMK, ,22 envelope ORFs
and their relationship with other family members

To obtain sequences identical to those published for HERV-K10
and IDDMK, ,22, a total of 21 clones were amplified from periph-
eral blood DNA from two individuals. An alignment of the
predicted amino acid sequence of the HERV-K10 clone, the
IDDMK; ,22 clone and the remaining 19 are shown in Fig. 1. Most
of them show an open reading frame (ORF). For HERV-K10 a
stop codon is at position 144 and for IDDMK, ,22 at position 154,
which predicts theoretical molecular weights of 16kDa and
17kDa for the two proteins, respectively. Four other sequences
have stop codons within the region cloned. Interestingly, a total
of 15 sequences have open reading frames extending beyond the
first 156 amino acids.

All the sequences have a similarity of 82-98% with HERV-
K10, with IDDMK;,22 being 95% identical. The stop codon on
the 154th position is the only apparently distinct feature of
IDDMK;,,22. The amino acid histidine position 48 is shared by
three other elements. The tyrosine at position 115, the glycine at
123 and the valine at 140 are each shared by two other elements.

Antibodies to HERV-K10 and IDDMK, ,22

Env by Western blot

IDDMK;,22 and HERV-K10 were expressed in bacteria and the
proteins purified on nickel agarose. The two proteins were mixed
in approximately equal quantities, judged by the density of stain-
ing on a Coomassie stained gel and then dissolved in loading
buffer. Because the proteins were of different sizes, it was pos-
sible to compare reactivity with IDDMK,,22 Env (mol. wt.
19-4kDa including the tags) with that of HERV-K10 Env (mol.
wt. 18:3kDa). On the gel, the fragments appeared larger than the
predicted size (around 25kDa), presumably because of the con-
ditions of the migration. An example of a Western blot obtained
is shown in Fig. 2. The identity of the cloned proteins was con-
firmed by their reactivity with the monoclonal antibody to c-myc
which reacted with the c-myc tags. Of 161 sera tested, antibodies
to one or both proteins are seen in 29% of 35 sera from healthy
individuals and 22% of 18 sera from patients with diabetes (Table
2). All of the groups with autoimmune rheumatic disease have
antibodies detected more frequently, ranging from 32% in SLE
to 47% in Sjogren’s syndrome, but no disease group has a statis-
tically significant increase in the prevalence of antibodies com-
pared to sera from healthy controls.
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Fig.1. Alignment of the env amino sequence of HERV-K endogenous retroviruses. Dashes indicate identical amino acids compared with
HERV-K10. Gaps are represented by dots and the stop codons by an asterisk.

Table 2. Prevalence of IDDMK, ;22 or/and HERV-K10 antibodies (Ab) in patients with auto-immune rheumatic diseases, diabetes and normal controls

Anti-IDDMK, ,22 Anti-HERV-K10 Anti-IDDMK ,22 Anti-IDDMK, ,22

Ab Ab alone Ab alone and anti-HERV-K10 Ab or/and anti-HERV-K10
Systemic lupus erythematosus (44) 0 1(2-3%) 13 (29-5%) 14 (31-8%)
Rheumatoid arthritis (26) 2 (77%) 0 8 (30-8%) 10 (385%)
Sjogren’s syndrome (17) 4 (23-5%) 0 4 (23:5%) 8 (47%)
Polymyositis (21) 2 (9-5%) 0 7 (33:3%) 9 (42-8%)
Diabetes (18) 1(55%) 1(55%) 2 (11-1%) 4 (22:1%)
Normal (35) 3 (86%) 0 7 (20%) 10 (28:6%)

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:75-82
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Fig.2. Detection of antibodies to HERV-K10 and IDDMK,,22 Env
protein in human sera. The membrane is cut into nine strips and reacted
(1:100 dilution) with two SLE sera (1, 2), with three RA sera (3-5), with
two normal control sera (6, 7) and with monoclonal anticMyc antibodies
as a positive control (C).

(b)

Fig. 3. Epitope mapping, staining of the membrane with a serum, dilution
1/100, (a) from a patient with antibodies to HERV-K10 and IDDMK, ,22
on Western blot, and (b) a serum from a patient, who had a negative reac-
tion on Western blot. Nineteen peptides were synthesized for the epitope
mapping (Table 1), corresponding to the complete HERV-K10 Env
sequence with an overlap of eight amino acids. On the same membrane,
eight additional peptides corresponding to part of IDDMK, ,22 which dif-
fered from that of HERV-K10 sequence, are marked with a prime (2’, 4/,
7,11, 17, 18 and 19').

Epitope mapping

Epitope mapping was performed on peptides from both the
HERV-K10 and IDDMK,,22 Env proteins. Figure 3a shows an
example of a serum strongly positive by Western blot reacting
with the membrane. Several peptides have reacted with the anti-
bodies. The membrane was also stained with a serum with a nega-
tive reaction on Western blot. In this case none of the spots has

reacted (Fig. 3b). Figure 4 shows a summary of the positively
reacting spots after staining with four different sera. Two peptides
reacted with the four sera, number 15 (QDFSYQRSLKFRPKG)
and 177 (GKTCPKEIPKGSKNT). Interestingly peptide 17/,
derived from the IDDMK,,22 sequence, gave a much stronger
reaction with all four sera than did peptide 17 (GKPCPKEIP
KESKNT) derived from the HERV-K10 sequence though it
differed by only two amino acids, a threonine as opposed to a
proline at position 3 and a glycine as opposed to a glutamic acid
at position 11.

Quantification of antibodies to the immunodominant epitopes
of HERV-K10 and IDDMK, ;22 by ELISA

The ELISA peptide 17° correlated strongly with the results of
Western blot (Fig. 5) suggesting that ELISA with this peptide was
a quantitative and reproducible means of measuring anti-HERV-
K antibodies. In SLE, antibodies to peptide 17" were significantly
elevated (P < 0-003), but levels were similar to controls in dia-
betes, polymyositis, RA and SS (Fig. 6).

DISCUSSION

Autoantibodies to endogenous retroviruses remain an unex-
plained phenomenon in healthy subjects and in patients with
autoimmune rheumatic disease. To explore the mechanisms
involved we have cloned and expressed open reading frames from
the envelope of two members of the HERV-K family: HERV-K10
and IDDMK, ,22. The 21 different sequences obtained confirm
previous reports that there are multiple members of this family.
It was particularly striking that 14 of the 21 had no stop codons
within 154 amino acids analysed. Although sequencing the rest of
the envelope gene of these clones was beyond the scope of this
study, this finding suggests that very long open reading frames,
perhaps even encompassing an entire functional retroviral enve-
lope, might be more common in the HERV-K10 family than was
previously thought. Analysis of the sequences amplified also chal-
lenges the original report [17] that IDDMK,,22 is distinct from
other members of the HERV-K family. As has been argued by
others [18-20], IDDMK, ,22 is 95% identical to HERV-K10 over
the env open reading frame; a higher degree of homology than
most of the other HERV-K10 related sequences identified in our
study.

Having identified two clones that were each identical to the
published sequences of HERV-K10 and IDDMK,,22, we were
then in a position to analyse the immune response to each of their
respective open reading frames by immunoblotting. As expected,
given the high degree of aminoacid sequence homology between
the two proteins, there was a close correlation between the sera
containing antibodies to HERV-K10 and those containing anti-
bodies to IDDMK;,22, with the latter being a slightly more
common target for the immune response. As with previous
studies [19,24] we found no increase in the prevalence of anti-
bodies to the envelope sequences in patients with diabetes.
Patients with SLE and Sjogren’s syndrome did have a higher fre-
quency of anti-Env antibodies by immunoblotting but this did not
reach statistical significance. By ELISA, using a peptide contain-
ing immunodominant epitope(s), the increased frequency and
titre reached statistical significance in SLE.

The finding of antibodies to retroviral antigens in SLE and/or
Sjogren’s syndrome has been reported in previous studies. This

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:75-82
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Fig.5. Comparison between the results obtained by Western blot (WB)
and the optical density detected by ELISA, plates coated with the peptide
17’. @ Sample negative by WB; A sample positive by WB.

has been shown for exogenous sequences such as the p24 Gag
protein of HIV-1 [28,29,35] and for peptides representing the
immunodominant epitopes of P19 of HTLV-I [31]. In these studies
all of the patients had no evidence of infection with either of these
viruses. It was speculated that these antiretroviral antibodies were
cross-reactive with endogenous retroviruses, a previously unde-
scribed exogenous retrovirus or possibly autoantigens such as the
cellular ribonucleoproteins which are reported to have sequence
similarity to Gag proteins [25]. Antibodies to endogenous retro-
viruses have also been described, again with SLE and Sjogren’s
syndrome being the most frequent diagnosis. The antigens include
the Gag of HRES-1 [31], the Env of ERV-3 [8] and consensus
sequences from C-type retroviruses [36]. A common theme of
many of these studies is that the epitopes are on arginine [30] or
proline [8,31,36] rich sequences. It was even shown in one study
[36] that nonviral synthetic polyproline sequences themselves
preferentially react with antibodies from SLE serum samples.
Although these studies are often cited as supporting a role for

retroviruses in autoimmune rheumatic disease there are no data
available to implicate which antigen drives this immune response
or indeed whether it is retroviral in origin at all.

To examine the origin of antibodies to human endogenous
retroviruses we chose to work with the HERV-K10 and
IDDMK, ,22 Env because serum samples contained antibodies in
sufficiently high concentration for further analysis. By epitope
mapping we were able to address the following questions. Are
antibodies to these envelope sequences simply those that are
preferentially reactive with proline or arginine-rich peptides? Are
these antibodies cross-reactive and driven by an autoantigen or
by an exogenous retrovirus such as HRV-5 [33,34]? Is there
evidence that these antibodies are driven by expression of
HERV-K10 proteins themselves?

The epitope mapping showed multiple reactive peptides sug-
gesting that the antibody reaction was driven by the envelopes of
HERV-K family members. Two sequences reacted with all four
positive sera tested; number 15 (QDFSYQRSLKFRPKG) and
17" (GKTCPKEIPKGSKNT). Neither is proline or arginine rich,
though 17’ is lysine rich (four lysines in 15 amino acids). There is
no common motif and neither has a sequence similar to that
of HRV-5 Pol protein or Gag, which have now been cloned
(Griffiths et al. in preparation). It is conceivable that there could
be similarities to a putative HRV-5 Env, but this part of the virus
remains to be identified. A database search has not revealed any
similarity with any of the known autoantigens. There is therefore
no evidence that these antibodies are driven by a cross-reactive
antigen.

The finding of antibodies reactive with multiple unrelated epi-
topes of the HERV-K family strongly supports the hypothesis that
anti-HERYV antibodies, like autoantibodies to other cellular pro-
teins, are antigen driven (reviewed in [37]). Such antigen drive
depends on loss of tolerance to these sequences. How tolerance
is broken remains unexplained but the finding of IgG antibodies
detectable by Western blot in up to 30% of healthy individuals
suggests that this occurs quite readily. There is circumstantial
evidence that HERV expression is up-regulated by pro-
inflammatory cytokines [38,39] or ultraviolet light [40]. Therefore

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:75-82
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Fig. 6. The level of anti-HERV-K10/anti-IDDMK;,22 peptide antibodies in patients with diabetes, normal healthy controls, rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), Sjogren’s syndrome (SS) and polymyositis determined by ELISA. The plates were

coated with peptide 17"

HERV-K proteins may well be expressed frequently during the
lifetime of a healthy individual and preferentially in patients with
inflammatory disease. Potential molecular mimicry of HERV-K
Gag with cellular RNPs for example [41] could implicate HERV-
K related sequences in the long chain of events that leads to
autoimmunity in rheumatic disease.
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