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Short Communication

Inhibition of multiple sclerosis–associated retrovirus
as biomarker of interferon therapy
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The authors performed a longitudinal evaluation of multiple sclerosis (MS)
patients, during 1 year of therapy with interferon-β (IFN-β), by clinical exam-
ination and detection of presence in the blood and viral load of MS-associated
retrovirus (MSRV), by MSRVenv-specific, fully quantitative, real time reverse
transcriptase–polymerase chain reaction (RT-PCR). MSRV load in the blood
was directly related to MS duration and fell below detection limits within 3
months of IFN therapy; one patient had strong progression, accompanied by
total MSRV rescue. These findings suggest that evaluation of plasmatic MSRV
could be considered the first prognostic marker for the individual patient, to
monitor disease progression and therapy outcome. Journal of NeuroVirology
(2008) 14, 73–77.
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Introduction

Multiple sclerosis (MS) is a complex disease of the
central nervous system, in which several pathophysi-
ological mechanisms are involved (inflammation, de-
myelination, axonal damage, and repairing). Over the
years, progressive disability and irreversible deficit
lead the majority of patients to chronic neurological
deficit. MS has a variability of pathological features,
clinical symptoms, and disease courses (Berger and
Reindl, 2007). The etiology is still unknown, and the
pathogenesis is likely to be autoimmune. Infectious
agents have been suggested either as etiologic fac-
tors, cofactors, or triggering events (Granieri, 1997;
Ascherio and Munger, 2007). The incidence of MS in
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Italy ranges from 4 to 6 new cases per 100,000 people
and an increasing temporal trend is detected in some
areas (Granieri et al, 2007; Pugliatti et al, 2005). A de-
manding task is to predict to the individual patient
the clinical course, the timing of relapses, the rate of
disability progression, as well as the outcome of on-
going treatments: in very truth, no biological marker
for disease prognosis and progression of disease and
therapy monitoring has been established in MS yet
(Fainardi et al, 2004; Berger and Reindl, 2007; Singh
et al, 2007; Fossey et al, 2007). Currently, disease
progression is monitored based on the relapse rate,
neurological deterioration, and evidence of disease
activity on brain magnetic resonance imaging (MRI)
scans; however, radiological manifestations are only
weakly correlative with the patient’s clinical course
(Singh et al, 2007).

Human endogenous retroviruses (HERVs) of the
W family have been proposed as environmental co-
factors triggering MS immunopathogenic phenom-
ena in a predisposing genetic background (Perron
et al, 1997; Dolei et al, 2002; Antony et al, 2004).
We studied MSRV (MS-associated retrovirus), the
founder member of the HERV-W family, in MS pa-
tients in various temporal and clinical stages of the
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Figure 1 Correlation of plasmatic viral load to the years of MS
duration at study entry. Each point represents an individual; data
of patient F02 are reported as (�). r2 is the correlation coefficient.
MSRV load is expressed as copy number/reaction of real time RT-
PCR. See text for details.

disease (Dolei et al, 2002), in follow-up evaluations
(Sotgiu et al, 2002, 2006a), as well as in the conver-
sion to full-blown MS of patients suffering of optical
neuritis (Sotgiu et al, 2006b). In all cases, the data
showed a striking parallelism between MS behavior
and MSRV presence and/or load in patient’s blood
and spinal fluid. We found also that MSRV/HERV-W
is highly expressed in MS brains, and that its env
protein accumulates particularly in the core of ac-
tive lesions, in cells resembling astrocytes (Mameli
et al, 2007a). Cultured peripheral blood mononu-
clear cells from MS patients and from MSRV(+)
healthy individuals release free virus in culture flu-
ids (Serra et al, 2003), and MSRV production is stim-
ulated by cell treatment with cytokines shown to be
detrimental in MS patients, such as tumor necrosis

Figure 2 Plasmatic viral load and disease outcome during 12 months of therapy with IFNβ. Each point represents an individual; data of
patient F02 are reported as (�). (A) Rapid MSRV response to IFN, as detected in one MS patient, analyzed at 2, 30, and 90 days of therapy.
(B) MSRV copy numbers during time. Asterisks indicate the P value obtained from variance analysis of the mean copy numbers during
IFN treatment with respect to that of study entry. (C) disability status of each patient, expressed as Progression Index (PI: EDSS status
divided by the years of MS duration). Variance analysis of mean EDSS values showed not statistically significant differences between
study entry and after IFN therapy (not shown).

factor-α (TNF-α), interleukin-6 (IL-6), and interferon-
γ (IFN-γ ), whereas IFN-β, which is used in MS ther-
apy, causes a dramatic reduction of MSRV yields.
Based on these premises, we performed a longitu-
dinal study on a group of MS patients undergoing
1 year of therapy with IFN-β.

Results

MSRV load
At study entry, mean viral load in the plasma was
2089.2 ± 1999.0 copies/reaction, and individual val-
ues were directly related to the years of MS dura-
tion (Figure 1; correlation coefficient = .9, despite the
small number of patients under study).

The effect of IFN treatment on MSRV load is re-
ported on Figure 2. For two patients we obtained
also samples at 2 and 30 days after study entry, and
we found that complete MSRV inhibition could oc-
cur as early as 48 h after the first IFN shot (Fig-
ure 2A). As shown in Figure 2B, after 3 months of
therapy, MRSV was below detections limits in all
patients (mean copies 2.3 ± 4.8, range 0 to 13, P <
.0000001).

The inhibition of MSRV circulation remained
stable throughout the entire year of therapy in
all patients but one. At 12 months mean MSRV
for all 11 patients was 440.1 ± 1456.0 (range 0 to
4830, P < .0000001); mean MSRV copies of the
10 complete responders: 1.1 ± 3.5 (range 0 to 11,
P < .0000001). The nonresponder individual (Pa-
tient F02, a 39-years-old male, whose data are re-
ported in Figure 1 by a �) was discordant from
the other patients since study entry: Despite an
history of only 2 years of MS duration, he had
the highest viral load (Figure 1), and he restarted
MSRV production after 6 months of therapy; at
12 months he had MSRV values similar to the
pretherapy ones (Figure 2B).
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Clinical evaluation
On admission to the study, mean Expanded Disabil-
ity Status Scale (EDSS) was 2.3 ± 0.7 (range 1.5 to
3.5), and mean exacerbations/year in the previous
2 years were 1.36 ± 0.7 (range 1 to 3). After 12 months
of therapy, mean EDSS was 2.6 ± 1.2 (range 1.5 to 5,
difference not significant at variance analysis) and
mean exacerbations/year were 0.18 ± 0.4 (P = .0014).
For each patient the progression index (PI: the EDSS
status divided by the years of MS duration) through-
out the 12 months of therapy was calculated. As
shown in Figure 2C, during IFN therapy the PI was
reduced for the majority of the patients, being the
effect of IFN more pronounced in the persons with
PI > 1 (that were patients with disease duration of
less than 2 years, not shown). Of the two progres-
sors, one was patient F02, the one discordant from
the other patients with respect to MSRV load. Paral-
lel to MSRV rescue, from month 6 onward his disease
progressed, and within the last 6 months of therapy,
his EDSS dramatically changed (EDSS from 2 to 5, PI
from 1 to 1.67). The other patient had a milder pro-
gression, barely detectable in Figure 2C (PI from 0.29
to 0.36), without MSRV rescue: she was a 39-year-old
female, with the oldest MS duration (12 years) and
had EDSS = 3.5 at study entry.

Discussion

We are aware of the limits of our study, namely a
small number of patients and 12 months of obser-
vation only. However, the study was performed in a
longitudinal fashion, and it is the first one that fol-
lows up the expression of an HERV in vivo, under
therapy, and at different time intervals. Beside short-
term clinical efficacy (14-fold reduction of mean ex-
acerbation/year), IFN therapy caused a prompt and
complete inhibition of MSRV circulation. Only one
patient showed an early and strong disease progres-
sion, which was paralleled by complete restoration
of MSRV production.

The role of MSRV in MS, as cofactor or epiphe-
nomenon, cannot be defined so far. As for the former
possibility, the env proteins of retroviruses have po-
tential immunopathogenic properties, causing neu-
roinflammation, neurodegeneration, and endoplas-
mic reticulum stress responses (Antony et al, 2007).
MSRV produces extracellular virions with gliotoxic
(apoptotic), fusogenic and superantigenic properties,
and causes a T cell–mediated neuropathology in
vivo in humanized, severely compromised immun-
odeficient (SCID) mice (Firouzi et al, 2003). More-
over, a complex virus interplay might occur, as
MSRV expression is transactivated by herpesviruses
(Ruprecht et al, 2006) and the simultaneous pres-
ence of HERV and herpesvirus antigens has syn-
ergistic effects on cell-mediated immune responses
(Brudek et al, 2004). Activities strikingly concordant
with MSRV findings were reported for syncytin-1,

an env protein encoded by a replication incompe-
tent element belonging to the same HERV-W fam-
ily, as MSRV, and located on chromosome 7q21–
22, in a region of candidate genetic susceptibility
for MS. Syncytin-1 is involved in embryo implan-
tation during pregnancy (Mi et al, 2000), but is ex-
pressed also in the brains of MS patients (Antony
et al, 2004); in astrocytes it modulates an inflam-
matory cascade, leading to adverse effects on oligo-
dendrocyte proteins involved in myelin formation
(Antony et al, 2007). As previously shown for MSRV
(Serra et al, 2003), MS-detrimental cytokines acti-
vate syncytin-1 promoter, whereas the MS-protective
IFN-β is inhibitory (Mameli et al, 2007b). Even if it
is a mere epiphenomenon, however, MSRV detec-
tion in MS patients can be useful: MSRV presence in
cerebrospinal fluid (CSF) of monosymptomatic op-
tic neuritis patients was associated with increased
conversion to definite MS (Sotgiu et al, 2006b). Ac-
cordingly, by follow up of otherwise identical MS
patients, patients who had had MSRV(+) spinal flu-
ids showed worse progression (Sotgiu et al, 2002;
Sotgiu et al, 2006a), suggesting MSRV as a negative
prognostic marker.

The present data indicate that (i) MSRV load in
the blood is directly related to MS duration; (ii) IFN
therapy reduces the virus rapidly below detection
limits; (iii) strong progression with therapy failure
is accompanied by MSRV rescue. These findings are
in favor of the possibility that detection of plasmatic
MSRV can be considered the first prognostic marker
for the individual patient, which can be useful to
monitor disease progression and therapy outcome.

Materials and methods

Patients
Eleven patients with definite relapsing-remitting
(RR) MS according to current criteria (McDonald
et al, 2001; Lublin and Reingold, 1996; Poser et al,
1983), and followed as outpatients in the Day
Hospital of the Multiple Sclerosis Center, University
of Ferrara, were consecutively enrolled: 6 females
and 5 males, mean age 34.0 ± 8.6 years (range 21
to 46 years), MS duration 4.5 ± 3.9 years (range
0.5 to 12 years). At study entry, all patients were
clinically stable because they had had at least two
exacerbations in the previous 2 years, were relapse-
free in the preceding 3 months, had ≤3.5 points
on the Expanded Disability Status Scale (EDSS)
score (Kurtzke, 1983), and had not had a significant
progression in disability, as assessed by an increase
of 1 EDSS point in the last 2 years. Mean number of
relapses in the 2 years before start of treatment was
2.36 ± 0.50 (range 2 to 3).

No patients had received any potential disease-
modifying therapies during the 6 months before
inclusion in the study. The study was approved
by the Regional Committee for Medical Ethics in
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Research and all patients gave informed consent.
Types of IFN and regimens were: IFN-β1b (Betaferon;
Shering, Berlin; 8 MIU subcutaneously, every other
day, N = 4); IFN-β1a (Avonex; Biogen, San Diego;
6 MIU, weekly intramuscular injection, N = 3); and
INF-β1a Serono, Geneva; 6 MIU (N = 3) and 12 MIU
(N = 1) subcutaneously, three times/week, N = 4.
None of the patients discontinued IFN-β therapy
for ineffectiveness or other reasons over the study
period.

Routine clinical examination and blood with-
drawal were blindly performed at study entry and
every 3 months. Additional interventions were per-
formed if required for problems such as relapses,
tolerability of therapies, etc. Follow-up neurological
evaluation included documenting ongoing relapses,
testing current EDSS, and determining side effects or
adverse events. In this setting, a total of two clini-
cal attacks were recorded during treatment (one be-
tween months 3 and 6, and one between months
6 and 9), whereas no significant side effects or ad-
verse events were observed during therapy. The two
patients who underwent exacerbations were treated
with intravenous methylprednisolone, 1000 mg/day
for 5 consecutive days. Serum samples were drawn
under sterile conditions, coded, frozen, and stored in
aliquots at −70◦C until the assay. To exclude short-
term IFN-β effects, all samples were taken at least
12 to 36 h after IFN-β injection. None of the patients
had been receiving corticosteroids when these sam-
ples were collected. All analyses were carried out
under exactly the same conditions.

MSRV evaluation
Plasma samples were treated as described (Dolei et al,
2002; Mameli et al, 2007a), transported frozen, and
tested concurrently under strict blind code. Extracel-
lular polyA(+) virionic RNAs were extracted from

1 ml of cell-free plasma by mRNA Dynabeads (Dynal
Biotech, Oslo, Norway). Evaluation of MSRV copies
was obtained by retrotranscription and fully quanti-
tative real-time polymerase chain reaction (PCR) am-
plification, as described (Dolei et al, 2002; Mameli
et al, 2007a).The assay employed primers specific for
MSRV/HERV-W-env and external calibration curves
of a plasmidic construct containing an env gene frag-
ment (Mameli et al, 2007a). Data were expressed as
copy numbers/PCR reaction mixture. We considered
10 copies/reaction as the detection limits of real-time
PCR assay, in line with published reports (Contreras-
Galindo et al, 2006; Tuke et al, 2004). To ensure
correct amplification and retrotranscription (Mameli
et al, 2007a), controls included PCR of RNAs not ex-
posed to reverse transcriptase (RT) with primers spe-
cific for the β-globin gene (primer pair PC04/GH20;
Synthetic Genetics) or with MSRV/HERV-W–specific
primers (to ensure the absence of contaminating cel-
lular DNA sequences and of endogenous retroviral
DNA sequences, respectively), and PCR of cDNA
samples without template (negative control) and
samples of human cellular DNA (positive control).
Cellular RNA from peripheral blood mononuclear
cells (PBMCs) of individuals shown previously to be
negative for circulating MSRV (and whose PBMCs
did not release or transcribe MSRV/HERV-W in cul-
ture; Serra et al, 2003) was also included. Pres-
ence/absence of MSRV/HERV-W was confirmed in
repeated assays of the same sample. The specificity
of the amplified products was confirmed by dideoxy
sequencing (Mameli et al, 2007a).

Statistics
The significance of the results was evaluated by
means of the Epi InfoDatabase and Statistics Software
Program, Version 3.3.2 (CDC/WHO, Atlanta, GA).
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