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Abstract Human endogenous retroviruses (HERV) rep-
resent about 8 % of the human genome. Some of these
genetic elements are expressed in pathological circum-
stances. A HERV protein, the multiple sclerosis—associated
retrovirus (MSRV) envelope protein (MSRV-Env), is
expressed in the blood and active brain lesions of multiple
sclerosis (MS) patients. It possesses pro-inflammatory and
myelinotoxic properties. The patterns of expression and
pathogenic properties of MSRV-Env make it a relevant
drug target for MS therapeutics—in particular for pre-
venting neurodegeneration, a key component of progres-
sive forms of MS. An immunoglobulin G4 monoclonal
antibody (mAb), called GNbACI, has been developed to
neutralize this pathogenic target. After showing neutraliz-
ing effects in vitro and in mouse models of MS, GNbAC1
is now in phase II clinical development. MSRV-related
biomarkers such as MSRV-Env and MSRV polymerase
(MSRV-Pol) gene transcripts are overexpressed in the
blood and cerebrospinal fluid of patients with MS. These
biomarkers may have prognostic value for long-term MS
evolution, and their transcription levels in blood decline
during treatments with GNbACI1, which has also been
reported in patients administered reference MS drugs such
as natalizumab or interferon-. GNbACI as a new MSRV-
Env-antagonist mAb could be a specific and causal
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treatment for MS, with a particular application for pro-
gressive forms of the disease. For possible use in com-
panion diagnostic tests, MSRV-associated biomarkers
could open the door to a personalized therapeutic approach
for MS.

Key Points

GNDAC is an immunoglobulin G4 monoclonal
antibody targeting a protein of endogenous retroviral
origin.

The target protein appears to play a critical role in
the pathophysiology of multiple sclerosis.

Biomarkers related to the target could play a role in
companion diagnostic tests.

1 Introduction

Multiple sclerosis (MS) is an inflammatory, demyelinating,
and neurodegenerative disorder of the central nervous
system (CNS), of unknown etiology. An autoimmune
process underlies the pathophysiology of the disease;
however; inflammation and neurodegeneration are closely
associated during the disease: autoimmunity seems to
predominate at the beginning of the disease evolution,
while neurodegeneration prevails at the late stages and is
associated with the progression of disability. The interre-
lations between both pathophysiological processes are
complex and far from being fully understood [1].
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Clinically, MS can manifest with different symptoms,
but the most frequent ones include acute and subacute
motor dysfunction of the limbs, sensory disturbance, gait
disorders, partial or complete visual loss, autonomic dys-
function, fatigue, cognitive symptoms, and psychiatric
abnormalities [2].

There are different clinical phenotypes of MS, three of
which are the most prevalent. The prevalence figures are
variable according to different studies [3, 4]. The most
frequent form, with a prevalence of about 60 %, is defined
as “relapsing-remitting MS” (RRMS), in which patients
have recurrent attacks of neurological symptoms followed
by symptomatic improvement ranging from complete
remission to significant remaining neurological dysfunc-
tion. After 10-20 years of evolution, about 75-85 % of
these patients convert to “secondary progressive MS”
(SPMS), in which the neurological dysfunction progresses
slowly and the cycle of exacerbations/remissions progres-
sively wanes. The actual prevalence of SPMS is around
20 %. The third group, representing about 10 % of MS
patients, have the “primary progressive MS” (PPMS)
form, in which progressive neurological disability tends to
accumulate from the time of clinical onset. Other less
prevalent phenotypes of MS have also been described.

Pathologically, MS is characterized by inflammatory
infiltrates associated with focal demyelination lesions
(plaques) in the brain and spinal cord white matter, as well
as in the gray matter. Inflammation is dominated by
T-lymphocyte cells and activated microglia. In active
lesions, this process is accompanied by disruption of the
blood—brain barrier and local expression of pro-inflamma-
tory cytokines and their receptors. Complete demyelination
is accompanied by a variable degree of axonal injury and
loss. These acute inflammatory plaques dominate the
pathology in RRMS [5]. In the chronic progressive forms
of MS (SPMS and PPMS), the pathology differs somewhat.
Focal demyelinated white matter lesions are present, but
active demyelinating plaques are rare. Pre-existing plaques
show evidence of slow and gradual expansion of the
lesions at their margins, characterized by moderate
inflammatory infiltrates, mainly composed of perivascular
macrophages and profound microglia activation. The
demyelination process is slow: the normal-appearing white
matter is affected by a diffuse inflammatory process and
generalized activation of microglia, associated with diffuse
axonal injury and destruction, also followed by secondary
demyelination. Extensive cortical demyelination associated
with inflammatory infiltrates in the leptomeninges is seen
in the forebrain and the cerebellum [5].

Because of the immunoinflammatory characteristics of
MS, which are particularly prevalent in the RRMS form,
treatments for MS that act by inhibiting lymphocyte acti-
vation have played a critical role for a long time.
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Corticosteroids were first introduced as a treatment of
choice for MS; however, they appeared to have no real
impact on the long-term course of the disease. Major
progress in MS treatment was made with the introduction
of the first disease-modifying therapies (DMTs), i.e., drugs
that are able to alter the course of MS [6]. The first of these
drugs were the B-interferons (B-IFNs), introduced in the
1990s. Since then, several different DMTs have been reg-
istered for MS as injectable drugs and more recently as oral
formulations: all of them possess an immunomodulatory or
immunosuppressive mode of action (for a review, see
Curtin and Hartung [7]), and they are efficacious in treating
RRMS, at least by decreasing the frequency of relapses.
However, none of them has shown real efficacy in the
treatment of either PPMS or SPMS. Currently, most MS
drugs in clinical development are based on immunomod-
ulation or immunosuppression. However, a couple of new
molecules aimed at promoting remyelination are now at the
early clinical development stage [8].

We present here a new therapeutic approach for the
treatment of MS, which does not affect the immune system
and is intended to neutralize a protein of human endoge-
nous retroviral (HERV) origin, called the multiple sclero-
sis—associated retrovirus (MSRV) envelope protein
(MSRV-Env), which is likely to play a key role in the
pathophysiology of MS. We describe the development of a
specific treatment against this target, based on an
immunoglobulin (Ig) G4 monoclonal antibody (mAb),
called GNbAC]1, co-developed with a panel of MSRV-re-
lated biomarkers, which may have potential for use in
companion diagnostic tests.

2 Human Endogenous Retrovirus and Molecular
Pharmacology

2.1 MSRV-Env as a TLR4 Activator

The gene encoding the MSRV-Env protein belongs to the
HERV-W family of retroviral elements, which are widely
and heterogeneously dispersed in the human genome, fol-
lowing the integration events of a corresponding exogenous
retrovirus, which first infected the germ line of primates
(Catharrhines) about 25 million years ago [9, 10]. The
HERV elements represent approximately 8 % of the
human genomic sequences. From a phylogenic perspective,
HERV-W elements, to which MSRV belongs, share
homologies with other endogenous or exogenous retro-
viruses, as shown in Fig. 1 (for a review, see Weiss [11]).
The role of these elements in the causation of human dis-
orders and, in particular, in autoimmune diseases 1is
beginning to be better understood and is now a subject of
active research [12, 13].
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Fig. 1 Phylogeny of endogenous and exogenous retroviruses, accord-
ing to Weiss [11]. ALV avian leukosis virus, BaEV baboon
endogenous virus, BFV Barmah Forest virus, BLV bovine leukemia
virus, EIAV equine infectious anemia virus, FeLV feline leukemia
virus, FFV feline foamy virus, FIV feline immunodeficiency virus,
GALV gibbon ape leukemia virus, HERV human endogenous
retrovirus, HIV human immunodeficiency virus, HTLV human T-cell

The MSRV-Env protein comprises three domains: the
signal peptide, the surface (SU) domain or ectodomain, and
the transmembrane (TM) domain. The SU domain is an
agonist of Toll-like receptor (TLR)-4. Following the first
observation that the in vitro abnormal immune response
characterized by T-lymphocyte polyclonal activation was
associated with MSRV-Env [14], the cytokines induced by
the SU domain of MSRV-Env protein were evaluated in
peripheral blood mononuclear cells (PBMCs). This
revealed an early increase in interleukin (IL)-1p, IL-6, and
IL-12p40, reflecting innate immune activation, followed by
IFN-y production reflecting delayed but potent T cell
immune reaction, as expected from previous studies. This
also unraveled the key role of TLR4 as an upstream
receptor in the immunoinflammatory cascade when it is
exposed to MSRV-Env. MSRV-Env itself was revealed to
be a potent agonist of TLR4-mediated immune activation
pathways, leading to both acute and chronic inflammation,
as well as to autoimmunity [15, 16]. MSRV-Env appears
pathogenic to all human PBMCs tested in vitro, and an
interesting observation is that the magnitude of the IL-6
and IL-12p40 release appears to correlate positively, and in
a statistically significant way, with MS disease severity as
measured by the Expanded Disability Status Scale (EDSS)
score [17]. It was shown that the mechanism of release of
pro-inflammatory cytokines, such as IL-1f, IL-6, or tumor
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lymphotropic virus, JRSV Jaagsiekte sheep retrovirus, MLV murine
leukemia virus, MMTV mouse mammary tumor virus, MVV Maedi-
visna virus, PERV porcine endogenous retrovirus, RSV respiratory
syncytial virus, SIVmac macaque simian immunodeficiency virus,
SnRV snakehead retrovirus, SRV simian retrovirus, SFVagm simian
foamy virus type 3 (strain LK3), SFVcpz chimpanzee foamy virus,
WDSV walleye dermal sarcoma virus

necrosis factor (TNF)-a, from PBMCs and microglial cells
from the CNS was mediated through engagement of CD14
and TLR4, which are pattern recognition receptors of pri-
mary importance to innate immunity. MSRV-Env appears
to also trigger a maturation process in human dendritic
cells and to endow these cells with the capacity to support a
T-helper-1 (Ty,1)-like type of T-helper cell differentiation
[15, 17]. It has been further shown that MSRV-Env induces
a concentration-dependent release of IL-6 and TNF-a by
human PBMCs in culture, with affinities in the picomolar
or low nanomolar range (internal report).

In a study comparing the cytokine profile of PBMCs
stimulated by MSRV-Env in samples from 30 patients with
RRMS (of whom 13 were presenting with a clinical relapse
and 17 others were in a stable clinical condition at the time
of blood collection), inflammatory cytokines, such as TNF-
o and IFN-y, were produced by cells from patients in a
relapse state, whereas the anti-inflammatory cytokine IL-10
was produced by the T lymphocytes and CD14+ cells of
patients who were in a stable condition. These data suggest
a clinically correlated balance between patients’ immune
systems and the peripheral reactivity status to this
endogenous retroviral protein [18].

Beyond its potent agonist effects on native human TLR4,
MSRV-Env appears to exert superantigen-like effects
downstream from the innate immune activation [14, 19].
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The ability of superantigens to cause antigen-independent
polyclonal activation of T Ilymphocytes can result in
abnormal autoreactive T-cell activation [20] and oversecre-
tion of pro-inflammatory cytokines [21]. Superantigen
properties of bacterial or viral antigens have been suggested
as a causative factor in autoimmune diseases [22-24].
Nonetheless, the MSRV-Env superantigen-like effect
appears to be dependent upon upstream TLR4 activation, as
it was no longer observed after blockade of TLR4 receptors
with an appropriate antibody, which resulted in inhibition of
both TNF-a [17] and IFN-y secretion (H. Perron, personal
communication).

Addressing TLR4 expression in myelin-producing cells,
immunostaining and gene expression analyses evidenced
transient expression of TLR4 on oligodendroglial precursor
cells (OPCs) in human brain tissue and in culture. Cultured
primary OPCs were stimulated with MSRV-Env protein to
determine the effects of the ligand-receptor interaction in
such cells. It was shown that human and rat OPCs expressed
TLR4 in a window period preceding their differentiation. It
was then shown that MSRV-Env-mediated activation of
TLR4 led to release of pro-inflammatory cytokines and, via
inducible nitric oxide synthase, to release of nitric oxide
radicals. This caused formation of nitrotyrosine groups and
paralleled the subsequent blockade of myelin protein
expression. These observations showed that induction of
nitrosative stress by MSRV-Env through TLR4 signaling
inhibits oligodendroglial differentiation capacity, which
results in failure of remyelination by migrated OPCs—a
critical pathophysiological process in MS [25]. This
remyelination failure is a pathophysiological mechanism of
particular importance for progressive forms of MS [26-31].
The findings regarding the OPC toxicity of MSRV-Env were
confirmed independently (internal report).

Consequently, both the pro-inflammatory effect with
cytokine release and the oligodendrocyte toxicity induced
by MSRV-Env indicate that the MSRV-Env protein is a
key element in the pathophysiology of MS.

3 Pathophysiology
3.1 Expression in MS Lesions

Several studies have shown that the MSRV-Env protein is
systematically expressed in active MS brain lesions, where
the expression takes place in macrophages and microglial
cells [32-34], while there is no or only faint expression in
normal-appearing white matter from patients or control
subjects without MS. The level of immunostaining also
appears to correlate with the acute characteristics of the
brain lesions [32, 34], notably at the start of a lesion, as
shown in Fig. 2 [35].
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In a study by Perron and Van Horssen [35], brain
samples from 20 patients with clinically diagnosed and
neuropathologically confirmed MS, and from ten control
subjects without MS, were analyzed. Immunodetection of
specific proteins was done with specific antibodies to
MSRV-Env or GAG proteins, to proteolipid protein of
myelin, to human leukocyte antigen (HLA) class II anti-
gens, and to microglia, macrophage, and lymphocyte-
specific markers. Both MSRV proteins were detected in the
same cells in lesions from all MS brains (20/20), but only
rare and faint detection of MSRV-Env was seen in a few
control subjects or in normal-appearing white matter from
MS brains. MSRV-Env was strongly and essentially
expressed in perivascular macrophages and in brain
microglia, and this was particularly seen in actively
demyelinating areas and at all stages of MS plaques. It was
occasionally detected in astrocytes within lesions and was
only faintly detected in inactive (burnt-out) plaques with
diffuse staining retained on an extracellular matrix of
fibrotic areas. Globally, MSRV-Env detection appears to be
associated with an active demyelination process, whatever
the stage of the MS disease is.

These different neuropathological studies show the
systematic presence of MSRV-Env protein in MS brain
lesions, from the earliest perivascular stage to the latest
active rim of microglia in progressive plaques—in partic-
ular linked to the demyelination process. This systematic
expression of such a protein with inflammatory and
myelinotoxic properties in lesions suggests that MSRV-
Env plays a key pathogenic role in the MS lesional process,
and makes it a highly relevant drug target. As it is present
in lesions of all types of MS—RRMS as well as progres-
sive forms—its potential role in the neurodegeneration
process suggests that the neutralization of this target could

Fig. 2 A new perivascular multiple sclerosis lesion is associated with
envelope protein (Env)-positive infiltrating perivascular macro-
phages, colored in brown by immunostaining [35]
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be particularly valuable for treatment of progressive forms
of MS.

4 Therapeutics

4.1 Development of GNbAC1, a Monoclonal
Antibody

The above-described pathophysiological findings led to a
search for a specific MSRV-Env-antagonist drug, which
could specifically bind to this endogenous retroviral protein
and neutralize its pathogenic activity. A mAb was isolated,
which selectively binds to a linear epitope of the SU
domain of the MSRV-Env protein and neutralizes its TLR4
binding potential without interacting with this receptor.
Following murine and chimeric antibody versions, a
humanized recombinant antibody of the IgG4/x subclass,
called GNbACI, was produced. Site-directed mutagenesis
within the corresponding encoding nucleotide sequence
was performed to stabilize the interchain disulfide bridges
of the core region of IgG4. GNbACI has a molecular
weight of approximately 147 kDa. Details of the discovery
and preclinical development of GNbACI1 have been
described by Curtin et al. [36].

4.2 In Vitro Evidence

GNDbACI1 was tested in vitro for its ability to block the
release of pro-inflammatory cytokines induced by MSRV-
Env. It was shown that release of TNF-a by PBMCs
stimulated by MSRV-Env was inhibited by GNbAC1, but
that GNbACI1 did not suppress PBMC activation by
lipopolysaccharide (LPS), a TLR4 agonist: this showed
that the mode of action of GNbACI is specific to the target
and does not involve any TLR4 inhibition [17]. The neu-
tralizing activity of GNbACI does not interfere with the
receptor, neither by itself nor when it is bound to the target
epitope on its anti-ligand.

Another study used HEK-Blue™ human TLR4 cells
designed for studying the stimulation of recombinant
human TLR4 by monitoring the activation of nuclear factor
(NF)-kB and activator protein (AP)-1. In this model, it was
confirmed that MSRV-Env induces strong and highly
potent TLR4 activation (with a half-maximal effective
concentration [ECs] in the picomolar range). It was further
shown that the MSRV-Env effect is significantly and
concentration-dependently inhibited by GNbACI1 but not
by corresponding GNbAC1 vehicle or another control mAb
(internal report).

In a recent study [37], the in vitro effect of GNbACI1 on
OPCs was tested. It was shown that GNbAC] significantly
diminished the induction of nitrosative stress due to

MSRV-Env in OPCs and allowed rescue of the expression
of myelin proteins by differentiated OPCs, which are
reduced by MSRV-Env. This additional effect on glial cell
pathology therefore indicates that GNbAC]1 can provide a
protective effect on OPCs, and this suggests the potential to
prevent the defect in remyelination associated with MS
lesions [38]. In this experiment, GNbAC]1 also decreased
pro-inflammatory cytokines—notably TNFa, which is
known to induce myelin and oligodendroglial damage [39].
These findings indicate that GNbACT can display a double
therapeutic effect, protecting OPC differentiation capacity
and inhibiting the pro-inflammatory signaling cascades
induced by MSRV-Env in the CNS.

4.3 In Vivo Evidence

Assessment of the therapeutic efficacy of the different
forms of GNbAC1 was assessed in an MSRV-Env exper-
imental allergic encephalitis (EAE) mouse model [16]. The
results of the inhibition of MSRV-Env effects in the EAE
model were described by Curtin et al. [36]. It was shown
that a reversal of clinical score kinetics toward healing was
observed in all animal groups treated with GNbACI1 or
other chimeric human isotypes binding to the same epitope.
In those experiments, some untreated animals died or had
to be euthanized because of complete paralysis after
4 weeks, while all of the GNbAC]1-treated mice survived.
In another experiment in an EAE model in severe com-
bined immunodeficiency (SCID) mice, after several weeks
post-treatment with a chimeric human antibody similar to
GNDACI, it was possible to observe remyelination tracts in
CNS lesions, such as those shown in Fig. 3 [40].

These results support the concept that GNbACI could
be an efficacious treatment for MS. In addition, the

Fig. 3 Signs of remyelination in experimental allergic encephalitis
mouse brain lesions after treatment with chimeric human antibodies
similar to GNbAC1, observed with 2',3'-cyclic-nucleotide 3’-phos-
phodiesterase (CNPase) labeling with a specific monoclonal antibody
[40]
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observation of remyelination in mice confirms the data
obtained in vitro with OPCs. These results suggest that
GNDACI could be of particular interest for treatment and
prevention of demyelination and axonal death, as are par-
ticularly observed in progressive forms of MS.

4.4 Early Clinical Testing

A phase I, first-in-man clinical study, performed in a
double-blind, placebo-controlled, dose-escalating titration
design, enrolled 33 healthy subjects who did not express
the MSRV-Env target. In dose cohort 0 at a dose of
0.0025 mg/kg, three subjects received an intravenous
GNDACI infusion and one subject received a placebo. In
dose cohort 1 at a dose of 0.025 mg/kg, four subjects
received an intravenous GNbACI infusion and one subject
received a placebo. For the following four dose cohorts
(receiving respective doses of 0.15, 0.6, 2, or 6 mg/kg),
four subjects received GNbACI intravenously and two
subjects received a placebo in a sequential manner. All 33
healthy subjects received the scheduled injections. In that
study, the safety profile of GNbACI1 appeared favorable
without infusion reactions or serious adverse events. There
was no evidence of induction of anti-drug antibodies. The
single-administration pharmacokinetics were in line with
those expected for normal IgG, with apparent dose-linear
pharmacokinetics and an elimination half-life of
19-26 days [41].

A phase Ila study was performed as a single-blind,
placebo-controlled, dose-escalating randomized study in
ten MS patients: one had RRMS, three had PPMS, and six
had SPMS. In each of two dose cohorts (2 and 6 mg/kg),
four patients received GNbACI1 and one patient received a
placebo (randomization ratio 4:1) in a sequential manner.
Then, the patients entered a repeated-dose extension study,
where all ten patients received GNbACI in an open-label
setting for 11 additional intravenous infusions on a 4-week
administration schedule. Eight of them remained in the
study until the study end. In that study, the safety profile of
GNDbACI1 was also favorable, and no particular trends
toward specific types of adverse events were observed; in
particular, no hypersensitivity or infusion reactions were
observed. The two dropouts were not related to safety
events [42, 43]. A pharmacodynamic response with a sta-
tistically significant decline in MSRV-Env biomarkers was
observed (see below) [42]. Repeated-dosing pharmacoki-
netics confirmed the initial observation of the phase I
study, with dose-linear pharmacokinetics and an accumu-
lation factor of about 3 [43]. No anti-drug antibodies were
detected during the whole duration of the study. An
experiment involving immunomonitoring of monocytes
and T cells in the ten enrolled patients and matched healthy
control subjects showed that administration of GNbAC1
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did not lead to a decrease in the T-cell response to viral
antigens and did not impact TLR4 activation by LPS,
supporting the expected mechanism of action of GNbAC1
[44]. Blood levels of IL-6, TNF-a, and IFN-y were moni-
tored during the treatment, and no consistent changes were
observed during the treatment.

Interestingly, from a clinical and brain-imaging per-
spective, the MS patients remained stable over 1 year of
treatment [42, 43]. The open-label setting and the small
sample size somewhat limited the conclusions that could be
drawn; however, these results suggested that there was a
pharmacodynamic response to GNbACI in line with the
expected mechanism of action of the mAb.

5 Biomarkers
5.1 MSRYV Biomarker Prevalence

Different studies in MS patients and control populations
have shown that MSRV expression, assessed by RNA
polymerase chain reaction (PCR) in blood as well as in
cerebrospinal fluid (CSF), is more prevalent in MS patients
than in control populations.

In a preliminary study [45] analyzing sera from MS
patients and control subjects, MSRV RNA was detected in
nine of 17 patients with MS; a negative association
between MS therapy and RNA expression was observed. A
positive RNA detection was noted in three of 36 apparently
healthy control subjects and in none of eight patients with
non-neurological disorders.

In a European multicenter study reported by Arru et al.
[46], the presence of MSRYV, identified by the pol gene,
using RNA PCR quantification, was more frequent and the
viral load was greater, with a prevalence of 71 % in plasma
from 147 MS patients, compared with 17 % in plasma from
98 healthy control subjects (17 %) and 40 % in plasma
from 57 patients with other inflammatory and non-inflam-
matory neurological diseases, some of whom suffered from
chronic inflammatory demyelinating polyradiculoneuropa-
thy (CIDP) which also appears to be associated with
expression of MSRYV [34]. In another study [47], blood and
CSF from 113 Sardinian patients with MS and neurological
control subjects were analyzed by PCR. MSRYV positivity
was detected in the CSF of 50 % of the MS patients at
clinical onset—increasing to about 90 % in those with
RRMS and 100 % in those with SPMS with temporal
disease progression—and in 40 % of patients with other
neurological diseases (MSRV was positive in 50 % of
patients with CNS inflammatory disease and in 33.3 % of
patients with non-CNS inflammatory disease). In blood,
MSRYV was detected in 100 % of MS patients, 63 % of
patients with inflammatory neurological diseases (four of
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five patients with inflammatory CNS diseases, three of four
patients with inflammatory peripheral neuropathy, and
neither of two patients with myasthenia gravis), and 13 %
of healthy blood donors. In a study by Perron et al. [34],
199 healthy control subjects and control subjects with other
neurological diseases (n = 28), chronic infections
(n = 30), or autoimmunity (n = 30) were analyzed with an
immunoassay detecting MSRV-Env protein in serum.
MSRV-Env RNA or DNA copy numbers in PBMCs were
also determined by quantitative PCR. RNA expression in
PBMCs and DNA copy numbers were significantly ele-
vated in patients with MS versus healthy control subjects
(p < 0.001). In patients with MS, DNA copy numbers were
greater in those with chronic progressive MS than in
RRMS patients. This observation was reproduced inde-
pendently by two other studies [48, 49].

All of these results show that MSRV-related biomark-
ers—in particular those related to MSRV-Env (RNA,
DNA, or proteins)—are more prevalent in patients with MS
than in healthy control subjects. The sensitivity and
specificity of these biomarkers are high; however, as the
measurement techniques used in the different studies were
not standardized (i.e., as the analytical validity has not been
established), no attempts were made to establish the
definitive clinical validity (i.e., establishing a receiver
operating characteristic [ROC] curve based on the sensi-
tivity and specificity of the test as a function of defined cut-
off points).

5.2 MSRYV Elements as a Prognostic Factor

Interestingly, expression of MSRV biomarkers could have
prognostic value for the evolution of MS. The original
findings come from a longitudinal cohort study performed
in Sardinia, Italy. Following a preliminary study, which
showed that the presence of MSRV-Pol RNA in the CSF of
early MS patients was indicative of a poor 3-year follow-up
prognosis [50], a long-term longitudinal observational
study was launched: at study entry, 18 of 23 patients could
be categorized according to MSRV-Pol status in their CSF,
assessed with nested PCR: ten were MSRV positive and
eight were MSRV negative; both groups were of a similar
mean age and had similar EDSS scores (1.9-2.1) at study
entry. A 6-year follow-up study showed that the mean
EDSS scores differed between the MSRV-positive and
MSRV-negative cohorts (4.3 versus 2.2; p = 0.004) in a
statistically significant way, and that the annual relapse rate
was higher in MSRV-Pol-positive patients (0.5 versus 0.3
in MSRV-Pol-negative patients; p = 0.01) [51]. The same
cohort was followed up for 10 years [52], and the results
showed that MSRV-Pol-positive patients had a statistically
significantly higher average EDSS score (6.2) than MSRV-
Pol negative patients (3.3). When the patients were

dichotomized on the basis of an EDSS score higher than 5,
88 % of MSRV-Pol-positive patients had an EDSS score
higher than 5, while only 12 % of MSRV-Pol-negative
patients did (Fisher’s exact test p < 0.0004). In addition,
six of 14 MSRV-Pol-positive patients (42 %) had con-
verted to SPMS, whereas no MSRV-Pol negative patients
had converted (Fisher exact test p < 0.01). These data
suggest that the MSRV-Pol biomarker in the CSF may
indicate a more severe course of MS disease and a higher
risk of conversion to SPMS. This was a small study, which
certainly deserves confirmation with larger cohorts, with
adjustment for concomitant MS treatments—in particular
to confirm the positive predictive value (PPV) and negative
predictive value (NPV) of the biomarker detection for
conversion to SPMS and especially within which time-
frame. If clinical validity for prognosis were to be con-
firmed, this biomarker could be of real importance for the
therapeutic approach used for patients at the onset of the
disease.

Interestingly, in the patient cohort of the phase Ila study
of GNbACI1 [42, 43], the level of MSRV-Env RNA pre-
sented a trend toward an inverse correlation (Pearson’s
r value —0.55, p = 0.12) with the duration of the MS
disease before the start of the trial (unpublished GeNeuro
data on file) in nine patients. This observation also requires
confirmation but can be put in parallel with findings from a
large transverse study in Spain, including 178 MS patients
and 124 control subjects, where it was observed that the
MSRV-Env DNA load was significantly associated with a
higher EDSS score and a higher Multiple Sclerosis Severity
Score (MSSS) in women [49]—the latter score also taking
into consideration the speed of the evolution [53].

5.3 MSRY as a Predictor of Response

In the MS study in 10 patients, MSRV-Env and MSRV-Pol
transcripts obtained from PBMCs were analyzed at base-
line and at regular intervals: the distributions of MSRV
transcript levels at inclusion were homogeneous in both
cohorts. Figure 4, adapted from Derfuss et al. [42], presents
measurements of MSRV-Env and MSRV-Pol messenger
RNA (mRNA) transcripts relative to GUS-B gene expres-
sion before the first, third, and sixth GNbAC1 adminis-
trations. Decreases in MSRV-Env and MSRV-Pol
transcript levels at 3 months and at 6 months of treatment
were observed. These findings were not expected, as
GNbLACI neutralizes the MSRV-Env protein only when
binding to its target peptidic epitope and does not target
RNA, nor is it known to interfere with a molecule acti-
vating proviruses from the related HERV-W family. At
6 months, the differences were statistically significant
(repeated-measures analysis of variance [ANOVA] on
MSRV-Env: p = 0.029; on MSRV-Pol: p = 0.044) [42].
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This pharmacodynamic response shows an effect not only
on the target itself but also on the endogenous retroviral
transcriptional activity associated with MSRV-Env protein
expression. This suggests that neutralization of the MSRV-
Env protein would also downregulate expression of the
corresponding endogenous retroviral genome(s). This
observation is of particular interest, as two reference MS
treatments induce similar responses at the level of MSRV-
Env transcripts. In an Italian longitudinal study, which
included 11 RRMS patients, IFN-B induced a decrease in
MSRV-Env RNA measured by reverse transcriptase (RT)-
PCR, which was observed at 3 months and persisted at
follow-up at 12 months. Incidentally, one patient, who was
non-responder to IFN-f and had progression of his disease,
presented with an increase in MSRV-Env levels after an
initial decrease [54]. In another study in 22 RRMS patients,
it was shown that natalizumab induced a decrease in MSRV-
Env mRNA, measured by RT-PCR, observed later after
6 months of treatment. This effect was maintained at
12 months of treatment in all patients who were all clinically
stable over this period [55]. The pharmacodynamic response
observed with GNbACI, paralleling the response observed
with the MS treatments natalizumab and IFN-f, was sug-
gestive of the potential therapeutic effect of GNbACI. In
addition, it suggested that MSRV-Env RNA measurement is
an interesting tool for monitoring the response to treatment,
which could be used for adjustment of MS treatment in
terms of the dose, schedule or duration—typical specificities
of a companion diagnostic [56, 57].

Apart from one patient in a study performed by Mameli
et al. [54], where an increase in the MSRV biomarker was
associated with treatment failure, it is unclear whether the
level of the biomarker response correlates with endpoints
of efficacy, as the above-mentioned studies were not
powered or designed to allow a comparison between the
magnitude of the biomarker response and the clinical
response. Exploration of these markers in a future phase II
efficacy trial of GNbAC1 should allow assessment of
whether these MSRV markers could be predictors of
therapeutic responses to treatment and whether they would
correlate with clinical endpoints.
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5.4 Further Clinical Development

Following the results of the phase I and phase Ila studies
showing good safety profiles and initial pharmacodynamic
responses, there is a need to further assess GNbACI effi-
cacy in a phase IIb study. There are current plans to launch
a double-blind, placebo-controlled study in patients with
RRMS and to base the efficacy evaluation of the drug on
magnetic resonance imaging (MRI) of the brain, as this is
currently considered an acceptable endpoint for explora-
tory studies in regulatory guidelines on MS drug devel-
opment [58]. The study should be launched soon. The
assessment of MSRV-related biomarkers in a parallel
development with GNbACI is envisaged from a person-
alized medicine perspective. According to the results
already cited [42, 54, 55], MSRV biomarkers could allow
monitoring of a pharmacodynamic response to MS treat-
ments, although the clinical correlation of this observation
remains unknown. It is unclear whether the status of
MSRYV biomarkers at baseline will be predictive of a given
response to GNbACI and, in particular, its magnitude. As
described in the US Food and Drug Administration (FDA)
guideline [57], one of the purposes of a companion diag-
nostic is to identify patients who are most likely to have the
best benefit-to-risk profile with a therapeutic product. This
is one of the questions that the future clinical development
of GNbAC1 will address.

6 Discussion

The mAb GNbACI is the first therapeutic product devel-
oped as an antagonist of a protein of endogenous retroviral
origin from the HERV-W family, called MSRV-Env. In the
field of MS, this is one of the rare therapeutic develop-
ments whose aim is to neutralize a target considered as
being directly involved in the pathophysiological cascade
of MS. This differs from the vast majority of registered
drugs or those in development, which are trying to control
the disease by a modulatory or suppressing action on the
immune system [7, 59]. The MSRV-Env target is
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particularly interesting, as it appears to be closely associ-
ated with the evolution of the active pathological process
and has been found so far in all active regions of MS brain
plaques from different forms of MS. The target—expressed
on monocytes, B lymphocytes, and microglial cells—has a
pathophysiological effect associated with inflammation, as
well as neurodegeneration. The latter point is particularly
relevant for the chronic progressive forms of MS, where
neurodegeneration predominates, and where drugs pro-
moting or “unblocking” remyelination are particularly
needed [8], yet only a few are in early clinical develop-
ment. The results collected in various in vitro and in vivo
relevant models have shown that GNbACI, by acting in the
periphery as well as within the CNS, may promote
remyelination in MS lesions while also acting on inflam-
mation—the two pathogenic pillars of MS. The high target
specificity expected with a mAb is also valuable in terms of
safety, as the MSRV-Env target is not known to play any
role in normal human physiology [60]. Initial clinical
studies have shown a favorable safety profile for GNbACl,
which has no negative impact on immunological function.
This is a clear advantage over current immunomodulators
used in MS, as long-term immunosuppression is a preoc-
cupying safety issue with these treatments [61]. Of course,
the safety profile of GNbACI has to be reassessed and
confirmed during further clinical development.

GNbACT is currently in early clinical development and
will soon enter a phase IIb study, in which the therapeutic
approach will be accompanied by a panel of RNA and/or
protein biomarkers directly related to the therapeutic target
protein and to the disease. The importance of biomarkers to
aid in the therapeutic choice and in optimal monitoring of
MS treatments has been highlighted recently in this journal
[62]—in particular because of heterogeneity in the clinical
and pathological phenotypes of the disease, highlighting the
need for panels of various biomarkers. MSRV-related
biomarkers appear to have some prognostic properties, at
least when they are measured in CSF; they are also markers
of the pharmacodynamic response for the ones measured in
PBMCs; however, these preliminary findings need to be
confirmed in larger studies. Now, it should be investigated
whether these biomarkers could play a predictive role in the
therapeutic response to GNbACI, and their potential role in
treatment monitoring should be evidenced to support a role
of companion diagnostics. If this role were to be confirmed,
a personalized medicine approach could be envisaged for
GNDACI treatment. This would be all the more interesting
for MS as a chronic disorder, where patients must be treated
over the long term with minimal safety risks and optimal
long-term treatment compliance (see Gotovac et al. [63]).

There is accumulating evidence showing that endoge-
nous retroviruses of different families have a close asso-
ciation with the etiopathogeny of several disorders: beyond

MS, HERV-Env appears to also be associated with other
disorders, as data have now been obtained on an associa-
tion of HERV-W with schizophrenia [64], as well as with
CIDP [65], autoimmune disorders such as systemic lupus
erythematosus (associated with HTLV-1 related endoge-
nous sequence [HRES-1]) [66], rheumatoid arthritis (as-
sociated with HERV-K) [67, 68], amyotrophic lateral
sclerosis (associated with HERV-K [69]), and Sjogren
syndrome [70]. The GNbACI1 therapeutic development
program is the first therapeutic development program—
and, so far, the only therapeutic development program—
specifically targeting a HERV-related target. If the
assumptions presented above are confirmed, this thera-
peutic approach could be a complete change of paradigm
not only for MS but for several fields of medicine.
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