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Short Communication

In vitro modulation of the multiple sclerosis
(MS)-associated retrovirus by cytokines:
Implications for MS pathogenesis
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Multiple sclerosis (MS)-associated retrovirus (MSRV) is a component of the
human endogenous retrovirus (HERV)-W family, with gliotoxic and superanti-
genic properties, related to MS clinical progression, and transactivated by viral
agents. The authors studied MSRV modulation by cytokines involved in vivo in
MS course, utilizing peripheral blood mononuclear cells from MSRV-positive
and MRSV-negative individuals. Cultured cells from MSRV-negative subjects
did not produce virus, whereas spontaneous MSRV release was detected in cul-
tures from MSRV-positive donors; virus release was increased by interleukin
(IL)-4 and IL-6 and, to a greater extent, by the detrimental cytokines interferonγ
and tumor necrosis factor (TNF)α. Interferonβ, used in MS therapy, inhibits
MSRV release. A parallel between the effects of these cytokines on MSRV pro-
duction in vitro and on MS disease in vivo is observed, which deserves further
elucidations. Journal of NeuroVirology (2003) 9, 637–643.
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Introduction

Multiple sclerosis (MS) is a chronic, inflammatory,
demyelinating disease of the central nervous sys-
tem (CNS) of unknown etiology and still-debated,
immune-mediated pathogenesis, including genetic
and environmental (viral) factors (Noseworthy et al,
2000). MS patients have peculiar immune responses
to viruses, and virus infections are linked to MS re-
lapses (Panitch, 1994). Several viruses have been sug-
gested to be involved in MS etiology over the past few
decades (Gonzalez-Scarano and Rima, 1999); in par-
ticular, the human herpesvirus (HHV)-6 (Gutierrez
et al, 2002; see Steiner et al, 2001 for a review)and
the MS-associated retrovirus (MSRV; Perron et al,
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1997), a member of the W family of human en-
dogenous retroviruses (HERV; Tristem, 2000), capa-
ble of producing infectious virions. We (Dolei et al,
2002) recently showed that the extracellular form
of MSRV is detectable in the plasma of 100% MS
patients and 12% healthy controls from Sardinia,
an Italian island at very high risk for MS (Rosati,
2001) and that patients with MSRV-free cerebrospinal
fluid (CSF) have a stable MS course, whereas
those with MSRV-positive CSF disclose a more
severe, treatment-requiring disease (Sotgiu et al,
2002).

Cytokines are deeply involved in MS onset and
evolution in vivo. Aberrant immune responses oc-
cur in MS, and it is likely that the spectrum of cy-
tokines produced decisively influences the outcome
of the disease (Ozenci et al, 2002). Conceptually,
an “excess of defense” due to myelin-(auto)reactive
CD4+ T cells, along with a cascade of dangerous
inflammatory cytokines, is thought to occur within
the CNS parenchyma of MS patients (Hohlfeld,
1997; Baranzini et al, 2000), leading to oligodendro-
cyte damage and lesion formation. The cascade of
orchestrating cytokines could derive from CNS in-
filtrating T cells, secondarily recruited inflammatory
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cells, including CD8+ T cells and antigen-presenting
cells (APCs). The proinflammatory cytokines that
most efficiently recruit additional inflammatory cells
and APCs are interferon (IFN)γ and tumor necrosis
factor (TNF)α. TNFα itself and other inflammatory
products from macrophages contribute to myelin in-
jury and demyelination. Local events, such as the
conversion of the dominant Th1 response (character-
ized by production of interleukin [IL]-2, IFNγ , and
TNFα) into a Th2 response with cytokines such IL-
10, IL-13, and IL-4, are suggested, though not def-
initely, to positively affect the outcome of the in-
flammatory lesion (Hohlfeld, 1997). Elevated levels
of IL-6 in peripheral blood and brain of MS pa-
tients indicate also dysregulation of IL-6 in this dis-
ease (Navikas et al, 1996; Baranzini et al, 2000).
In vivo, the systemic administration of IFNγ signifi-
cantly increases MS exacerbations, with pronounced
detrimental effects on cellular immunity and dis-
ease activity (Panitch et al, 1987); IFNβ, instead, is
commonly used as therapeutic agent (Durelli et al,
2002).

Despite the fact that MSRV is associated with tem-
poral and clinical progression of MS, little is known
about its possible pathogenic role. In vitro, a toxic
(apoptotic) effect on glial cells (Menard et al, 1997)
and a superantigenic effect on CD4+ T cells (Perron
et al, 2000, 2001) have been described. Furthermore,
MSRV expression can be transactivated by the human
herpes simplex (HSV)-1 (Lafon et al, 2002). Data on
possible effects of inflammatory cytokines on MSRV
are missing. For this purpose, we selected MSRV-
positive and MRSV-negative healthy volunteers and
evaluated the effects on MSRV release by cultured
peripheral blood mononuclear cells (PBMCs) exerted
by cytokines supposed to have detrimental, debated,
or beneficial effects (TNFα, IFNγ , IL-6, IL-4, and
IFNβ; Hohlfeld, 1997; Baranzini et al, 2000) on MS
immunopathogenesis.

Results

When kept in culture, PBMCs from MSRV-positive
donors spontaneously release MSRV. Figure 1A re-
ports MSRV detection as bands of a representative
RT-PCR. The virus increasingly accumulates in cul-
ture medium with time (Figure 1C) and upon mitogen
stimulation (Figure 1A, B). Mean values of MSRV re-
lease by resting and mitogen-activated PBMCs are re-
ported on the first row of Table 1, and indicate a mean
increase of 5.8-fold upon activation, when culture
media from equal amounts of cells are analyzed.
Mean fold-increase in individual donations was 7×
in activated versus resting cells; as for cytokine treat-
ments, in untreated cells: TNFα: 10×, IL-6: 14×,
IFNβ: 0.26×; in mitogen-activated cells: TNFα: 135×,
IL-6: 27×, IL-4: 37×, IFNβ: 0.056×, IFNγ : 71×

Figure 1 MSRV release with time and mitogen activation by cul-
tured PBMCs from MSRV-positive healthy donors. (A) Represen-
tative semiquantitative RT-PCR of media from untreated (upper
gel) and mitogen-activated (lower gel) PBMCs after 4 days of cul-
ture. Total RNA was extracted, serially diluted (first dilution 1:10,
then 1:3 onward), and each dilution was exposed to semiquantita-
tive RT-PCR. M: size markers; 2–10: sample dilutions; −: negative
control; +: positive control. The arrow head indicates the 574-bp
amplified product. (B) Virus accumulation after 4 days of culture
expressed as reciprocal of the end point dilutions of the semiquan-
titative RT-PCR reported in A. (C) Virus accumulation over time by
resting PBMCs, expressed as end point dilutions of semiquantita-
tive RT-PCR of a representative experiment, run in duplicate.



MSRV and cytokines in MS pathogenesis
C Serra et al 639

Table 1 Cytokine modulation of MSRV release by cultured PMBCsa

MSRV-positive donors MSRV-negative donors

Treatment Resting (%) Pb Mitogen-activated (%) P Resting Mitogen-activated

None 28 ± 22 (100) — 163 ± 90 (100) —c <1 <1
TNFα 192 ± 172 (686) 0.0028 12150 ± 8418 (7454) 0.047 ndd <1
IL-6 240 ± 198 (857) 0.01 2025 ± 810 (1242) 0.0015 nd <1
IL-4 nd 3330 ± 3595 (2042) 0.011 nd nd
IFNγ nd 7958 ± 9731 (4882) 0.0011 nd nd
IFNβ 5 ± 6 (18) <0.000001 8 ± 3 (5) 0.0015 nd nd

aCells were kept in culture for 4 days, then media were processed for semiquantitative RT-PCR, to detect extracellular MSRV genomic RNA
sequences; data are expressed as mean reciprocal of the end point MSRV-positive dilutions± standard variations. Standard deviations
show some overlapping, due to baseline variations in MSRV production among individuals; however, clear-cut cytokine effects are ob-
served within cells of the same individual (see text for mean increase). From 4 to 11 experiments were evaluated for each experimental con-
ditions. The following cytokine concentrations were used: TNFα (20 pg/ml), IL-6 (500 U/ml), IL-4 (1 ng/ml), IFNγ and IFNβ (1000 IU/ml).
b P value obtained from variance analysis of the means.
cVariance analysis with respect to untreated cells: P < .000001.
dnd: not done.

were detected. To be noted that in cultures derived
from MSRV-negative individuals, neither sponta-
neous nor mitogen-induced virus release is detected
(Table 1).

The capability of releasing MSRV in culture seems
to be a stable feature of cells from MSRV-positive in-
dividuals. In fact, one of the healthy volunteers has
been withdrawn six different times during more than
30 months; also for experiments to be published else-
where, evaluation of virus production in culture by
resting and mitogen-activated PBMCs from this donor
gave mean end point dilutions of 31± 30 (range 30–
90) and 162± 98 (range 90–270), respectively.

MSRV release in culture by PBMCs from virus-
positive donors appears to be sensitive to cytokine
treatments. Table 1 summarizes overall data obtained
with the use of a single concentration of each cy-
tokine. As shown, at the doses used, TNFα, IFNγ ,
IL-6, and IL-4 increase MSRV release by activated
cells, TNFα and IFNγ being the most effective (1.8
and 1.7 log increase, respectively), whereas IFNβ
shows dramatically inhibitory effects (1.3 log de-
crease). Resting cells release smaller amounts of
virus, and the effects of cytokines are less pro-
nounced, as expected, but still present, indicating
that cell proliferation is not essential for cytokine
activity on MSRV. Confidence intervals of Table 1
show some overlapping, due to baseline variations
in MSRV production among individuals, however,
clear-cut cytokine effects are observed within cells
of the same individual.

Figure 2 reports MSRV release in a representative
experiment of mitogen-activated PBMC cultures, ex-
posed for 4 days to graded amounts of TNFα, IL-
6, IL-4, IFNγ , and IFNβ. Again, at the doses used,
TNFα and IFNγ are the most effective stimulatory cy-
tokines, particularly TNFα (Figure 2A). Notably, the
two interferons exert opposite effects: IFNγ progres-
sively stimulates the MSRV release, up to 1.7 log with
respect to the control, whereas the therapeutic agent
IFNβ inhibits the virus by ∼2 logs.

Discussion

The MSRV novel retrovirus, related to the HERV-W
family of endogenous retroviruses, is associated with
the production of extracellular, infectious, retroviral
particles, both in vivo and in vitro (Garson et al, 1998;
Komurian-Pradel et al, 1999; Perron et al, 2001).
MSRV may bear gliotoxic properties (Menard et al,
1997) and induce a superantigenic bias in the Vβ
T cell response, which could be reproduced with a
recombinant MSRV env protein (Perron et al, 2001).
Additionally, HSV-1 reactivates the expression of
MSRV env protein in human neuroblastoma cell lines
that contain HERV-W sequences in their genome
(Lafon et al, 2002), thus supporting the hypothe-
sis that MS pathophysiology can be driven by en-
dogenous retrovirally encoded superantigen with
gliotoxic activity, transactivated by a herpesvirus.
Consistently, many viral infections are known to pre-
cede the clinical relapse in MS patients (Panitch,
1994) and several viruses have been epidemiologi-
cally and experimentally linked to MS etiology, par-
ticularly the HHV-6 (Gutierrez et al, 2002). Therefore,
the reactivation of quiescent (endogenous?) viruses
by unrelated viruses might be the missing link to ex-
plain the role of either viral infection or secondary
recruited cytokines in the etiology of autoimmune
diseases, such as MS (Rudge, 1991).

In this report, we studied the effects exerted on
MSRV release in vitro by cytokines supposed to have
detrimental (TNFα, IFNγ ), beneficial (IFNβ), or de-
bated (IL-4, IL-6) effects on MS in vivo (Ozenci et al,
2002; Hohlfeld, 1997; Hulshof et al, 2002), with the
aim of finding possible indications on the role of
MRSV, if any, in MS pathogenesis. This virus, in fact,
has been found in extracellular form in blood from
MS patients (Perron et al, 1997; Dolei et al, 2002),
and MSRV-positivity of CSF is a bad prognostic
marker (Sotgiu et al, 2002). Initially, MS has been
postulated to be a Th1 cell–mediated autoimmune
disease (Olsson, 1995; Hohlfeld, 1997). However,
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Figure 2 MSRV release in culture by mitogen-activated cells PBMCs from MSRV-positive healthy donors. Cells were exposed for 4 days
to graded amounts of TNFα (A), IL-6 (B), IFNγ (C), IL-4 (D), and IFNβ (E). Data were obtained from one representative experiment with
two different donors, and are expressed as reciprocal of the end point MSRV-positive dilution of semiquantitative RT-PCR. For overall
variations within experiments, see Table 1.

the dogmatic application of the Th1/Th2 cytokine
paradigm to MS is presumably a gross oversimplifi-
cation (Laman et al, 1998) because both Th1 and Th2
cytokines are up-regulated within MS lesions during
active disease (Baranzini et al, 2000; Ochi et al, 2001)
and Th2 cells are seen to play important roles in cer-
tain stages of lesion formation (Hulshof et al, 2002).

Our experiments show that blood cells from MSRV-
positive individuals spontaneously release this virus
in culture, as observed by RT-PCR detection of viri-
onic RNA sequences, further enhanced upon mito-
genic stimulation, which is a known effect in cells
chronically infected by exogenous retroviruses. As
for endogenous retroviruses, this finding could be ex-
pected, because mitogenic activation of pig PBMCs
resulted in the activation and release of porcine en-
dogenous retrovirus (Wilson et al, 1998), and the
human U937 monocytoid cell line, upon treatment
with phorbol esters, releases RT activity associated
with HERV-H and HERV-K, but not HERV-W, se-
quences (Johnston et al, 2001). On the contrary, the
same group (Johnston et al, 2001) did not found
intracellular HERV-W RNA sequences in normal
human monocyte-derived macrophages, and Depil

et al (2002) did not find significant variation of HERV-
K expression in normal human PBMCs after exposure
to mitogens. In our study, the capability of PBMCs
from MSRV-positive individuals to release MSRV
in culture seems to be a stable feature, because it
was maintained in vivo in our donors for more than
30 months, so far (personal observation). Notably,
PBMCs from MSRV-negative individuals do not re-
lease MSRV in culture, neither spontaneously nor af-
ter treatments. This was in some way a surprise be-
cause, if MSRV is an endogenous virus, one would
expect that mitogens and/or cytokines would induce
it, because the cells do contain the sequence at the
DNA level (not shown), as expected (Tristem, 2000).
In our opinion, these findings suggest the possibil-
ity that MSRV might be an exogenous member of the
HERV-W family.

Interestingly, MSRV release by PBMCs in culture
is highly sensitive to cytokine treatments. The effect
of TNFα, IL-6, IL-4, and IFNγ is stimulatory, and
the largest effects are seen with the MS-detrimental
TNFα and IFNγ cytokines. On the other hand,
the MS-protective IFNβ cytokine exerts a strong
inhibitory effect. These findings are seen also in
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resting cells, though to a smaller extent (Table 1),
thus suggesting that cell proliferation is not essential
for cytokine activity on MSRV extracellular release.
To our knowledge, this is the first report on the effect
of any cytokine on the release of endogenous retro-
viruses from cells. The cytokine-related modulation
of MSRV release, particularly the stimulation by
TNFα and IL-6 and the opposite effects of IFNγ and
IFNβ, are in line with published data on the effects
of inflammatory cytokines on the human retrovirus
human immunodeficiency virus (HIV) (Dolei et al,
1994, 1998; Pitha, 1994; Fauci, 1996; Conaldi et al,
2000; Biolchini et al, 2000) and may be connected
to MS pathogenic mechanisms as well. Proinflam-
matory cytokines, such as TNFα and IFNγ that are
detrimental in MS (Olsson, 1995; Hohlfeld, 1997), are
shown here to stimulate MSRV release in extracel-
lular fluids, whereas IFNβ, beneficial in vivo for MS
patients (Noseworthy et al, 2000; Durelli et al, 2002),
does block virus release. As for MSRV stimulation by
the IL-4 and IL-6 cytokines, this could be in line with
published observations that indicate that IL-4 and
its receptor actively participate in the formation of
chronic MS lesions (Baranzini et al, 2000; Ochi et al,
2001; Hulshof et al, 2002). Increased IL-6 levels in MS
patients are said to be implicated in MS pathology
(Navikas et al, 1996; Baranzini et al, 2000), CSF lev-
els of IL-6 being similar between patients with active
and stable disease, whereas the difference between
stable patients and controls is statistically significant
(Miljkovic et al, 2002), thus indicating a complex
contribute of this cytokine to MS pathogenesis. How-
ever, one must be aware of the problems in correlating
cytokine expression and effects in vivo, due to their
short half-lives, paracrine and autocrine modes of ac-
tion, and complex regulatory feedback loops (Duddy
et al, 1999). In addition to IFNβ direct antiviral
effects, a variety of cross interactions occur among
cytokines, and several studies related to IFNβ effects
on MS patients showed the interference of IFNβ
with IFNγ and IL-12 (Wang et al, 2000; Byrnes et al,
2002) that is potentially relevant to IFNβ therapeutic
mechanisms.

Based on these and other findings discussed above,
it can be speculated that during MS active phase of
lesion formation, as well as during virus infections,
some cytokines, theoretically produced to defense
purposes, may activate latent (retro)viruses, which
might have pathogenic relevance. In this respect, it
should be noted that increased levels of HERV-W and
HERV-K RNAs and of TNFα ere found in autopsied
brain tissues from MS patients (Johnston et al, 2001).

At present, there are only a few indications com-
ing from in vitro studies on how MSRV might be
pathogenically important in MS, due to its gliotoxic
(Menard et al, 1997) and superantigenic properties
(Perron et al, 2001). The latter property by itself sug-
gests a pathogenic loop involving proinflammatory
cytokines, regardless whether MSRV expression is a
consequence or a cause of a primary inflammatory

process. In both cases, given our previous reports on
bioclinical correlations between CSF MSRV load and
MS progression (Dolei et al, 2002; Sotgiu et al, 2002),
the present study sheds new possible lights on the as-
sociation of MSRV with MS inflammatory pathogen-
esis. The reported intriguing parallel between the ef-
fects of inflammatory cytokines on MSRV production
in vitro and on MS disease in vivo, particularly with
regard to IFNβ, might inspire further studies aimed
at MSRV as possible therapy target in MS.

Methods

Eight healthy volunteers, previously shown to be
MSRV-positive (N = 6) or MSRV-negative (N = 2),
informedly consented to blood withdrawal. Donors
had no history of MS in their families, did not show
symptoms or signs of disease, nor had been ex-
posed to immunomodulatory treatments by at least
3 months before blood withdrawals. Mean age was
36.4± 10.3. From two to four withdrawals occurred
for each donor, during a period of 24 months.

PBMCs were prepared as described (Dolei et al,
1998) and cultured (106 cells/ml) for 4 days as such
(resting PBMCs) or under mitogen activation with
lipopolysaccharide (LPS) (10 pg/ml; Sigma Aldrich
srl, Milan) plus phytohemaglutinin (PHA) (1 μg/
ml, Boheringer Mannheim Gmbh), with/without
the following human recombinant cytokines: TNFα
(Amersham International plc, Amersham), IL-6
(Amersham), IL-4 (Boheringer), IFNγ (Amersham),
and IFNβ (Sigma), in RPMI 1640 medium (Flow Lab,
Irvine, CA), supplemented with 10% fetal calf serum
(Gibco Laboratories, Paisley) and antibiotics. Cell vi-
ability was assessed by trypan blue exclusion, and
more than 95% of the cells excluded trypan blue in
each experiment.

Published procedures were followed for sample
collection and preparation of extracellular MSRV
genomic RNA (Dolei et al, 2002; Perron et al,
1997; Garson et al, 1998). Culture medium from
equal amounts of cells were filtered through 0.45-
nm filter membranes (Millex, Millipore, Bedford,
MA), in order to eliminate cells and cell debris.
The medium was then precipitated with PEG8000
polyethylene glycol (10% w/v) for 24 h, centrifuged
at 5000× g for 20 min, and treated with bovine ri-
bonuclease IA (USB, Cleveland, OH; 8 units/μl for
1 h at 25◦C), to avoid contamination by cellular
RNAs containing endogenous retroviral sequences.
RNAs were added of glycogen carrier, then ex-
tracted by the guanidine thiocyanate method, and
subsequently digested by RNase-free deoxyribonu-
clease I (Amersham Life Science, Buckinghamshire,
UK; 100 units/μl for 1 h at 37◦C), to avoid possi-
ble DNA contamination. Samples were diluted in
RNase-free, diethylpyrocarbonate-inactivated water
by using RNase-free tips. RNAs were then extracted
again. Only extracellular, encapsidated RNAs were



MSRV and cytokines in MS pathogenesis
642 C Serra et al

therefore available for molecular studies, according
also to literature (Perron et al, 1997; Garson et al,
1998; Dolei et al, 2002).

Samples of virionic RNAs were used as template for
semiquantitative reverse transcriptase–polymerase
chain reaction (RT-PCR) using MSRV pol–specific
primers, essentially as described (Dolei et al, 2002;
Perron et al, 1997; Biolchini et al, 2000). Briefly,
2-μg aliquots of RNAs were serially diluted and
each dilution underwent reverse transcription into
DNA, by using oligo-dT as primer and M-MLV RT
(GIBCO BRL Life Technologies, Frederick, MD) as
published (Biolchini et al, 2000; Dolei et al, 2002),
followed by PCR amplification of DNA products,
in a Hybaid Thermal Cycler (Omnigene, Ashford,
Middlesex, UK) utilizing primers specific for the
MSRV pol gene (Garson et al, 1998): PTpol-A
(sense): 5′GGCCAGGCATCAGCCCAAGACTTGA3′
and PTpol-F (antisense): 5′TGCAAGCTCATCCCTSR
GACCT3′. PCR amplification was carried out by
2 units/50 μl of Taq DNA polymerase (DYNAzyme,
Riihitontuntie, Finland) and 25 pmol of each primer
pair: initial step 94◦C/5 min; 40 cycles of 94◦C/30 s,
54◦C/1 min, 72◦C/1.5 min; and final extension step
72◦C/5 min. This created an amplification product
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