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Human endogenous retrovirus-W and the closely related multiple sclerosis-associated retrovirus have been as- 

sociated with neuro-inflammatory diseases including multiple sclerosis. However, retroviral expression has 

been reported in brain tissue from healthy subjects as well. In addition, no consensus has been reached on the 

endogenous/exogenous status of multiple sclerosis-associated retrovirus, which also needs clarification. There- 

fore, the purpose of this study was to systematically review the published data available on the viruses investi- 

gated in patients with multiple sclerosis and to evaluate their hypothesized role as contributing factors to the 

disease etiology. Evidence suggests that both retroviruses may be endogenous to humans and that failure to sup- 

press viral activity may not be restricted to patients with multiple sclerosis and therefore an unlikely cause of the 

disease. 
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Database search 

 
A literature search was done on PubMed and Google Scholar and in 

total 21 publications met the criteria. The last update was on 14 June 

2013. The following key words were used individually as well as in 
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combination to do the search, multiple sclerosis, multiple sclerosis- 

associated retrovirus/human endogenous retrovirus-W and human 

endogenous retrovirus-W. The search terms ( multiple sclerosis  or 

MS ) and ( multiple sclerosis associated retrovirus/human endoge- 

nous retrovirus-W  or MSRW/HERV-W  or MSRV  or human endog- 

enous retrovirus-W  or HERV-W ) were selected to identify research 

studies with information on these specific viruses and their presence 

(RNA), expression (RNA), peptides/proteins synthesis and/or virion 

formation in patients with MS, both in remission and with active dis- 

ease as well as comparison studies with that of healthy controls and 
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patients with other neurological diseases (ONDs) included in the 

publications. 

 
Criteria for the final selection of articles 

 
The following articles were included in the review study: wherein 

data was derived from a sufficient sample size (15 or more patients 

with MS); data that included the required information for patients 

with MS, preferably with disease status stated (either in remission or 

with active disease), for healthy control subjects and/or patients with 

other neurological disorders (ONDs). The search was not limited by 

date or publication, but was limited to articles published in English. 

 
Information extracted 

 
Data was used to review reports on the detection rate of viral DNA, 

RNA, peptides/proteins and/or virions in the respective study popula- 

tions. Methods used included PCR assays which were used for the molec- 

ular amplification of viral DNA or cDNA converted RNA and immuno 

detection was done with ELISA or immunohistochemistry to detect pro- 

tein synthesis, while virions were visualized by electromicroscopy. The 

study populations consisted of patients with MS, both those in remission 

and with active disease, healthy controls and/or patients with OND. 

 
Possible bias 

 
Bias in some of the reviewed studies has been present to some ex- 

tent. The following may have affected reports to some degree: within 

studies different age groups as well as differences in the number of 

male and female participants recruited for the study and control groups 

may have biased findings. Between studies differences in race and eth- 

nicity have not been well defined. Very few studies have used a large 

sample size and some studies have used rather small sample sizes. 

 
Modification to protocol 

 
Because of the relatively small number of publications on the endog- 

enous retroviruses, a modification was needed wherein all studies that 

reported on MSRV/HERV-W on patients with MS were included, and 

with sample size numbers lower than 10 stated. 

 
1. Introduction 

 
About 1 to 8% of the human genome consists of human endogenous 

retrovirus (HERV) sequences (Löwer et al., 1996; Antony et al., 2006). 

There may be more than 100 different groups, of which at least 26 

have been identified, but most HERVs are defective and not replication- 

competent (Villesen et al., 2004). However, single intact open reading 

frames, such as the HERV gag, (pro), pol and env genes may still be 

expressed as 3 viral poly-proteins, Gag, Pol and Env respectively 

(Villesen et al., 2004; Zwolińska, 2006). The complete pro-viral HERV- 

W copy on chromosome 7q for example codes for a complete HERV- 

W envelope (Env) protein, syncytin-1 (Alliel et al., 1998; Blond et al., 

1999; Mi et al., 2000; Gong et al., 2005) but does not seem competent 

for replication (Perron et al., 2000). Syncytin-1 is expressed in 

placenta and mediates cell-cell fusion during human placenta 

formation and development (Villesen et al., 2004; Perron et al., 2005), 

but is also expressed in other tissues (Antony et al., 2006). Perron et 

al. (2005) reported both HERV-W Env and Gag proteins in brain tissue 

from patients with MS but also in normal controls. In contrast, Mameli 

et al. (2007) reported HERV-W Env protein in lesions in the brain 

from all patients with MS with active disease while none was detected 

in the brain of healthy controls. A possible explanation for these differ- 

ences may be that the HERV-W family is multi-copied. In this regard, 

Dolei and Perron (2009) and Perron and Lang (2010) reported that 

most HERV copies have no positive selection and that their genotype 

or number can vary between individuals or populations. 

Individual intact HERV genes have also been shown to encode exog- 

enous retroviral-like particles (Komurian-Pradel et al., 1999; Sotgiu 

et al., 2006). In this regard, Perron et al. (1989) and other groups 

(reviewed in Perron et al., 2000) discovered extra-cellular virus parti- 

cles which were linked to MS associated with the HERV-W family and 

named as the MS-associated retrovirus (MSRV) (Perron et al., 1989; 

Sotgiu et al., 2006). MSRV contains an RNA genome with terminal re- 

peats, gag, pol and env regions, has reverse transcriptase activity and is 

coat-protected (Perron et al., 2000; Zawada et al., 2003; Mameli et al., 

2009). Retroviral expression is primarily based on the RNA genome 

encapsidated in these particles (Perron et al., 2000) and MSRV virions 

were found in plasma and CSF from patients with MS (Perron et al., 

1997; Garson et al., 1998; Serra et al., 2001; Perron and Lang, 2010). 

No replication-competent MSRV provirus which could encode such par- 

ticles has been obtained in 2000 (Perron et al., 2000). 

 
2. The debate around MSRV origin 

 
The origin of MSRV as extracellular virus particles (Perron et al., 

1989; Komurian-Pradel et al., 1999; Sotgiu et al., 2006) has been debat- 

ed however. MSRV has been hypothesized to be an exogenous member 

of the HERV-W family (Perron et al., 2000; Tristem, 2000; Serra et al., 

2001) and in this regard, HERVs have been reported to show resem- 

blance to exogenous retroviruses (Ruprecht et al., 2008). Komurian- 

Pradel et al. (1999) and Perron et al. (2000) also suggested that MSRV 

may be a human endogenous retrovirus (HERV-W) haplotype which 

might be produced by replication-competent or trans-complemented 

HERV-W copies. In this regard, Laufer et al. (2009) re-analyzed pub- 

lished MSRV env and gag sequences and reported that all of these 

could have originated from endogenous HERV-W env and gag loci or re- 

combinations amongst them. To date (2008), it has not been confirmed 

whether MSRV represents an exogenous member of the HERV-W family 

or whether it originates from endogenous HERV-W copies (Ruprecht 

et al., 2008). In contrast to the above report, direct evidence for the pres- 

ence of MSRV in human genomic DNA came from Zawada et al. (2003) 

and Nowak et al. (2003) who used fluorescence in situ hybridization 

(FISH) to show that MSRV pol sequences were integrated into human 

genomic DNA in peripheral blood cells (PBLs) from healthy individuals. 

 
3. Terminology used in the current review 

 
In their study, Ruprecht et al. (2008) use the term MSRV for nucleo- 

tide sequences and the proteins they encode obtained from extracellu- 

lar particle-associated RNA and HERV-W for the endogenous retrovirus 

sequences present in the human genome. In the present review, howev- 

er, because no consensus has been reached on the MSRV origin, the 

terms MSRV or MSRV/HERV-W and HERV-W will be used as reported 

but with respective investigated tissues noted. Results are given for 

MSRV and HERV-W gene sequences present either integrated into 

human genomic DNA or as expressed proteins. Where MSRV has been 

reported in extracellular fluids and the presence of their genomic retro- 

viral sequences has been reported they are denoted as RNA sequences/ 

antigens according to published data. The disease status has been cate- 

gorized into remission and active stages, remission includes the remis- 

sion stages of remitting–relapsing MS and stable stages of primary and 

secondary progressive MS, while active disease denotes progression of 

the disease in any form. 

 
4. MSRV in patients with MS and healthy controls 

 
In general, RNA sequences have been reported using cDNA converted 

RNA as template for PCR amplification. Where techniques other than PCR 

have been used it has been stated. 
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MSRV sequences have been detected in human genomic DNA in pe- 

ripheral blood leucocytes (PBLs), which suggests an endogenous retro- 

virus profile for MSRV, integrated into the human genome. Using 

fluorescence in situ hybridization (FISH), both Zawada et al. (2003) 

and Nowak et al. (2003) reported MSRV pol sequences not only present 

in peripheral blood cell DNA from all patients with MS with active dis- 

ease, but also present in all healthy controls. MSRV pol sequences 

were also detected in PBL RNA from all patients with MS with active dis- 

ease but in 66.7% of healthy controls only (Nowak et al., 2003). Similarly, 

Mameli et al. (2007) reported MSRV/HERV-W (MSRV) env sequences in 

peripheral blood mononuclear cell (PBMC) RNA from all patients with 

MS with active disease but only in 29% of healthy controls. These reports 

showed that while MSRV pol and env sequences are present in all re- 

ported cases, they are expressed in all patients with MS, but not in all 

healthy controls. The statement by Nowak et al. (2003) that MSRV 

may be of endogenous origin because MSRV pol  sequences  were 

shown to be widespread in lymphocyte DNA and transcribed into RNA 

also in healthy controls is corroborated by the above reports and is 

also confirmed by findings of Mameli et al. (2007) who reported the ex- 

pression of MSRV/HERV-W (MSRV) env and pol genes in the brain from 

all patients with MS with active disease (N, 5), and also in the brain from 

all normal controls (N, 4). 

Although MS is most common amongst Caucasians of Northern 

European descent, it is also spreading to other groups and reports 

have shown a marked increase in its incidence in Sardinia, Sicily and 

Kuwait (Serra et al., 2001; Brudek et al., 2007). In this regard, Serra 

et al. (2001), Dolei et al. (2002) as well as Arru et al. (2007) showed con- 

sistency in MSRV pol sequences in plasma from patients from Sardinia 

with active disease and in healthy controls. MSRV pol sequences were 

detected in plasma from all patients with MS and in approximately 

12% of controls. The consistency of these findings in healthy controls 

from the same population in Sardinia suggested that MSRV pol se- 

quences in plasma may be a normal physiological phenomenon. There- 

fore, although it was found in all patients with MS with active disease, it 

is possible that patients with MS cannot suppress MSRV virion forma- 

tion if it is an endogenous retrovirus, or cannot effectively eliminate 

the pathogen if it is an exogenous retrovirus. 

Other studies have reported fewer patients presenting with MSRV 

pol sequences in plasma or the CSF. Arru et al. (2007) reported gene se- 

quences in plasma from 59.3% of patients from Spain and in 20.3% of 

healthy controls and similarly De Villiers et al. (2006) reported gene se- 

quences in serum from 68% of patients from South Africa, but absent in 

healthy controls. Nowak et al. (2003) reported MSRV pol sequences in 

serum from 96.9% of patients with MS with active disease, and also 

high in healthy controls at 48.1% and similarly Arru et al. (2007) report- 

ed MSRV pol sequences in the CSF from subjects from Northern Italy: in 

80% of patients with MS with active disease and in 40% of healthy con- 

trols. Taken together, these reports do not confirm a role for the pres- 

ence of MSRV pol sequences in either plasma or the CSF as a causative 

agent in MS disease progression. Reports on MSRV pol gene expression 

varied from 59.3% to 100% in patients and from 0% to 48.1% in healthy 

controls which suggests that MSRV pol sequences in plasma and the 

CSF may be a normal physiological phenomenon and that in patients 

it may be of higher prevalence, possibly due to irregularities in the im- 

mune system, but that it is an unlikely causative agent in the disease 

etiology. 

 

 

5. MSRV in patients with other neurological disorders 

 
Nowak et al. (2003) reported MSRV pol RNA in PBL RNA from all pa- 

tients with MS with active disease and in 70.6% of patients with other 

neurological disorders (ONDs). Mameli et al. (2007) reported MSRV/ 

HERV-W (MSRV) env and pol RNA in RNA extracted from brain tissue 

from all patients with MS with active disease (N, 5) and also in all pa- 

tients with OND (N, 6). These reports suggest that MSRV env and pol 

expressions in PBLs and brain tissue may not be specific to MS and 

therefore unlikely to be the cause of MS. 

Dolei et al. (2002), Nowak et al. (2003) and Arru et al. (2007) report- 

ed similar and constant findings for MSRV pol sequences in plasma from 

subjects from Sardinia. Gene sequences were reported in plasma from 

all patients with MS, in 42.9%, 52.9% and 42.8% in patients with OND 

and in 12%, 12.8% and 12.8% in healthy controls. These findings suggest 

that MSRV gene sequences in plasma may not be as effectively cleared 

from extracellular spaces by the immune system in patients with MS 

or with OND but, because it was also present in healthy controls, this 

must be a consequence of MS or OND and not a cause of either. If extra- 

cellular MSRV gene sequences denote active endogenous retroviral rep- 

lication, these findings could suggest that metabolic abnormalities could 

be present in any of the various immunological processes needed to 

suppress viral activation. Dolei et al. (2002) and Arru et al. (2007) re- 

ported similar findings for MSRV pol sequences in the CSF from subjects 

from Sardinia, with Dolei et al. finding 80.6% and 40% of patients with 

MS and OND respectively and Arru et al. finding 82% and 57% of patients 

with MS and OND respectively. 

Arru et al. (2007) have reported similar findings for subjects from 

Sweden. MSRV pol sequences were present in plasma from 73.4% of pa- 

tients with MS with active disease and in 36.4% of patients with OND 

and 67.3% and 31.8% in the CSF respectively. Perron et al. (2012) report- 

ed MSRV pol sequences in serum from 79.3% of patients with MS, absent 

in patients with OND but present in 5 out of 8 patients with chronic in- 

flammatory demyelinating polyneuropathy (CIDP). In contrast to these 

reports,  Alvarez-Lafuente  et  al.  (2008)  reported  that  HERV-W  se- 

quences (gene not stated) were absent in CSF from patients with MS 

with active disease as well as in patients with OND. The authors stated, 

however, that samples were stored under less than optimal conditions. 

The presence of MSRV gene sequences detected in human genomic 

DNA as well as viral RNA detected in extracted human genomic RNA 

shows that MSRV must by definition be of endogenous origin and that 

therefore extracellular particles must also by definition be assembled vi- 

rions released from cells. However, this has been shown in healthy sub- 

jects as well, but with increased numbers for patients with ONDs, which 

suggest that MSRV presence and expression cannot as easily be man- 

aged in patients as in healthy controls and that in patients with MS, 

this management is severely compromised. 

 

6. HERV-W in patients with MS and healthy controls 

 
Most studies have reported on HERV-W protein expression in brain 

tissue specifically but reports vary. Mameli et al. (2007), using immuno- 

histochemistry, reported the detection of HERV-W Env protein in le- 

sions in the brain from all patients with MS with active disease (N, 5) 

while none was detected in healthy control brain (N, 4). Perron et al. 

(2012), using immunohistology, detected HERV-W Env protein in mac- 

rophages within brain lesions in all patients with MS with active disease 

(N, 8) and none in non-MS patients (N, 3). In contrast, Antony et al. 

(2004), using Western blotting reported syncytin, the protein encoded 

by HERV-W env presents in autopsied MS brain tissue, primarily with 

active disease, and also with limited expression in controls (primarily 

with OND). Comparison of syncytin immunoreactivity in brain showed 

a 3.0 fold increase in patients with MS. 

In contrast to these results, in an earlier study by Perron et al. (2005) 

using brain tissue from an Austrian cohort reported HERV-W Env and 

Gag proteins in brain tissue from patients with MS in remission (N, 4), 

with active disease (N, 12) as well as in healthy controls (N, 4). Using 

immunohistology, a detailed report was given on HERV-W Gag and 

Env proteins in brain tissue from the respective groups. HERV-W Env 

proteins were present in blood vessel endothelial cells in normal brain 

tissue from patients with MS as well as in controls. Within MS plaques, 

irrespective of demyelinating activity, an intense Env labeling of lym- 

phocytes was present. In contrast, macrophages expressed the Env anti- 

gen in areas of recent demyelination activity only, Gag protein was 
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detected in all axonal and neuronal tissues from patients with MS as 

well as in controls, but only in cerebral endothelial cells within demye- 

linating plaques in a subset of patients with MS with active disease. In 

contrast, in the same study, but reporting on results obtained from 

brain tissue from a French cohort, Perron et al. (2005) reported Gag pro- 

tein present in axons within demyelinated white matter and in acute le- 

sions (N, 8), while Env protein was absent in the same demyelinated 

axons. Very few HERV-W Gag or Env positive cells were detected in 

non-MS control brains (N, 12). 

The results from these two studies suggest that HERV-W protein 

expression in brain tissue could vary according to ethnicity, which 

makes these proteins unlikely causative agents, but rather possible co- 

contributors to other, as yet unknown, predisposing factors in the dis- 

ease etiology. However, more studies would be needed to investigate 

the HERV-W protein profile in brain tissue from different ethnic popu- 

lations. Of interest, however, is the difference in immune cell HERV-W 

Env protein positivity (Austrian cohort), wherein lymphocytes and 

macrophages stained positive in patients with MS but not in controls 

as was found for microglial cells. This report suggests that in healthy 

subjects microglial cells can eliminate antigenic material without re- 

cruitment of peripheral blood immune cells, but not in patients with 

MS. Furthermore, both T and B lymphocytes are not phagocytes and as 

such viral proteins present in these cells must have been expressed in 

the cells themselves. If these were the case, then the functions of both B 

lymphocytes (antibody-mediated response) and T lymphocytes (lysis of 

infected cells) could have been restricted. In this regard, HERV-W Env 

protein can trigger dysregulation of T-lymphocytes (Perron et al., 2009). 

In a recent study by Perron et al. (2012) the authors have shown HERV- 

W Env protein in serum from 79.7% (59/74) of patients with MS of 

European origin and in none of the healthy controls, which confirmed 

the inability of the immune system, in this case B lymphocyte produced 

antibodies, to eliminate the extracellular pathogenic material in patients 

with MS. In this regard, Ruprecht et al. (2008) investigated humoral im- 

mune responses against the closely related MSRV/HERV-W (MSRV) anti- 

gens and reported absence of antibodies against the MSRV Gag and Env 

proteins in patients with MS, in healthy controls as well as in patients 

with OND. 

Environmental factors, including viruses and specifically endoge- 

nous retroviruses (Villesen et al., 2004; Brudek et al., 2007) as well as 

their protein products syncytin-1 and the putative MSRV Env protein 

(Laufer et al., 2009) have been reported to be involved in the pathogen- 

esis of several neurological diseases, including MS. Extracellular coat- 

protected MSRV RNA sequences have also been associated with the clin- 

ical stages and progression of the disease (reviewed in Mameli et al., 

2009). Reports on the effectiveness of treatment vary; Garson et al. 

(1998) reported that the detection of MSRV-RNA was not associated 

with age, sex, and disease duration or MS type, but was associated neg- 

atively with treatment. Similarly, Perron et al. (1997) reported MSRV- 

cpol sequences absent in the CSF from patients on immunosuppressive 

therapy, but present in 71.4% of untreated patients. In contrast, Sotgiu 

et al. (2006) reported in a 6-year follow-up study that patients with 

an initial MSRV+ status showed significantly higher EDSS scores than 

patients who were MSRV−, even though pharmacologic intervention 

(chronic immunomodulatory or immunosuppressive treatment) was 

given to 90% of the MSRV+ patients and to only 25% of the MSRV− pa- 

tients, which does not suggest a reduction in MSRV positivity with inter- 

vention. Similarly, Garcia-Montojo et al. (2013) reported higher EDSS 

scores among female patients with an elevated MSRV env load (copies/ 

pg of DNA) and with most patients (168/178) under treatment. 

In conclusion, evidence suggests that MSRV may be an endogenous 

retrovirus, integrated into the human genome, capable of RNA expres- 

sion, virion formation and release into extracellular spaces and possibly 

capable of re-infection of new cells. It is possible that the immune sys- 

tem may not detect or recognize these entities as foreign  because no 

antibodies have been detected against both MSRV Gag and Env proteins 

(Ruprecht et al., 2008). Although MSRV has been reported present in 

both controls and patients with MS, higher copy numbers are expressed 

in MS patients (Zawada et al., 2003; Mameli et al., 2007; Perron et al., 

2012). HERV-W in contrast, is a confirmed endogenous retrovirus, 

closely related to MSRV, with the ability to express RNA, to synthesize 

protein, but which is not replication-competent. Similarly as for MSRV, 

HERV-W expression was up-regulated in patients with MS as compared 

to controls (Antony et al., 2004; Perron et al., 2005; Mameli et al., 2007). 

Reports reviewed herein do not support a causative role for both MSRV 

and HERV-W in the MS disease etiology. 
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