
  

Introduction
GNbAC1 is a recombinant humanised monoclonal anti-
body of the IgG4/kappa class. Contrary to many drugs 
registered for multiple sclerosis (MS) with an immuno-
modulating or immuno-suppressing mode of action,1 
GNbAC1 selectively binds the extracellular domain of 
a protein called multiple sclerosis-associated retrovirus 
(MSRV)-Env expressed by genes from the human 
endogenous retrovirus type W family (HERV-W) also 

named ‘multiple sclerosis-associated retrovirus’ 
(MSRV).2–4 Numerous studies have demonstrated links 
between the expression of MSRV-Env and MS.  
MSRV expression in the cerebrospinal fluid correlates  
with clinical progression and prognosis of MS.5 
Immunohistochemical analyses of post-mortem brain 
tissue from MS patients localises the MSRV-Env pro-
tein to MS plaques with a higher protein expression in 
active plaques compared to inactive plaques.6–8
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In MS pathogenesis, dysregulation of both innate and 
adaptive immune system is considered as the main 
triggering and/or exacerbating factor. MSRV-Env 
activates toll-like receptor 4 (TLR4) and has a pro-
inflammatory effect mediated through its interaction 
with TLR4 in peripheral blood mononuclear cell 
(PBMC) cultures.9 Another effect of MSRV-Env is 
the blockade of the oligodendrocyte differentiation 
necessary for the remyelination process, also medi-
ated by an interaction with TLR4 on oligodendrocyte 
precursor cells (OPCs).10 Based on the ability of 
MSRV-Env to activate the innate immune system and 
given its direct toxicity on OPCs, MSRV-Env is a rel-
evant therapeutic target for MS.

MSRV-Env antagonist monoclonal antibody GNbAC1 
had been studied first in a Phase I trial in 33 healthy 
subjects, showing a good safety as well as a linear 
pharmacokinetics.11 The goals of this placebo- 
controlled dose escalation study with an open-label 
extension phase were to assess the safety profile, 
immunogenicity, pharmacokinetic parameters and 
pharmacodynamics of repeated administrations of 
GNbAC1 at doses of 2 and 6 mg/kg in MS patients.

Patients and methods

Trial design
A Phase II study was performed in a single-blind, pla-
cebo-controlled dose-escalating randomised design in 
MS patients in two centres. In each of the two dose 
cohorts (doses 2 mg/kg or 6 mg/kg) of five patients, 
four patients received GNbAC1 and one patient 
received placebo in a sequential manner (single dose 
phase). Placebo patients were introduced to allow 
comparison between active and placebo treatments in 
case of safety issue at the first drug administration in 
patients, paralleling the design of the Phase I study.11 
Then all patients of each cohort received GNbAC1 in 
a repeated dose phase either at 2 or 6 mg/kg dose in an 
open-label setting to get more information on the 
safety after repeated drug administrations.

A sample size of 10 patients was considered as suffi-
cient for this first assessment of safety in patients.

Drug administrations in the repeated dose phase were 
performed at four-week intervals by intravenous infu-
sion over one hour.

The primary objective of this study was to assess the 
safety and tolerability of single ascending doses, as 
well as of repeated administrations of GNbAC1 in MS 
patients. The secondary objectives were to determine 

the pharmacokinetics characteristics following admin-
istration of single ascending doses and repeated admin-
istrations of GNbAC1 in MS patients; to determine 
pharmacodynamic markers of MS disease activity in 
patients including measurement of MSRV-Env mark-
ers and magnetic resonance imaging (MRI); to assess 
the immunogenicity of GNbAC1. No hypothesis  
testing was planned for this study, which was mainly 
explorative.

Patients. Male or female patients between 18–65 
years, with primary progressive MS (PPMS), second-
ary progressive MS (SPMS) or relapsing–remitting 
MS (RRMS) (revised MacDonald criteria)12 with 
Expanded Disability Status Scale (EDSS) ≤6.5, with-
out MS treatment, were eligible. Details on inclusion/
exclusion criteria are provided in the Supplementary 
Material.

Prior to the start of the study, the study protocol and 
informed consent form were approved by the ethics 
committees of the two centres and the Swiss Medicine 
Agency, Swissmedic. All patients enrolled in this 
study had signed the written informed consent form 
prior to study entry.

Randomisation. Ten patients were chronologically 
assigned to one of the two escalating dose cohorts (2 
mg/kg and 6 mg/kg of GNbAC1). In each cohort, sub-
jects were randomised to receive a single dose of 
either GNbAC1 or placebo at the ratio 4:1 for the first 
drug administration.

Study drug. GNbAC1 is an IgG4 humanised monoclo-
nal antibody that selectively binds the extracellular 
domain of MSRV-Env. The antibody was humanised 
via an in silico design based on the amino acid sequence 
of a murine antibody that binds to MSRV-Env. GNbAC1 
consists of two heavy and two light chains with 
enhanced disulphide linkage in the core region.

Treatment and safety monitoring. Each patient 
received the first administration of GNbAC1 or pla-
cebo sequentially. There was an interval of at least 
seven days between the GNbAC1 2 mg/kg cohort and 
the GNbAC1 6 mg/kg cohort to allow a safety review. 
A second safety review took place before starting the 
repeated administration phase.

Clinical laboratory evaluations and proce-
dures. Blood and urine samples for clinical labora-
tory evaluations were collected and a 12-lead 
electrocardiogram (ECG) was recorded at screening, 
baseline and at each drug administration. Adverse 
events (AEs) were recorded at each visit.
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Pharmacokinetic assessment. Blood samples for 
pharmacokinetic assessment were collected at the fol-
lowing time points: pre-dose, 1, 2, 5, 13 and 24 h after 
start of infusion, at 4, 8 15 and 29 d after first adminis-
tration and then before each repeated administration. 
The analysis of GNbAC1 was based on a competitive 
electrochemiluminescence (ECL)-based immunoas-
say using an anti-idiotypic monoclonal antibody 
(Mab1E4F7H6) against GNbAC1 as capture anti-
body.11 The following pharmacokinetic parameters for 
GNbAC1 were determined according to a model-inde-
pendent pharmacokinetic analysis: area under the 
serum concentration versus time curve extrapolated to 
infinity (AUC0–∞); area under the serum concentration 
versus time curve from time zero to the last data point 
tlast above the limit of quantification (AUC0–tlast); the 
maximum observed serum concentration (Cmax); the 
time to the maximum observed serum concentration 
(tmax); the elimination half-life (t½); the mean residence 
time (MRT); the total body clearance (CL); and the 
volume of distribution based on the terminal phase 
(Vz). The pharmacokinetic analysis was performed 
using NC_PKP.sas using SAS Version 9.2 (SAS Insti-
tute, Cary, North Carolina, USA).

Immunogenicity. Blood samples were taken before 
each GNbAC1 administration and 12 weeks after the 
sixth administration. The screening for binding anti-
bodies against GNbAC1 was performed by ECL using 
a bridging format. GNbAC1 was labelled with biotin 
and with Sulfo-Tag, respectively. Both labelled prepa-
rations bind to anti-GNbAC1 antibodies.11 This  
complex was immobilised on streptavidin coated 
ECL-specific microtitre plates and was detected by 
using the ECL technique via the Sulfo-Tag (Ru) label. 
This approach is based on the bridging format and 
enables the detection of all isotypes. Affinity purified 
monoclonal anti-idiotypic GNbAC1 antibodies 
served as controls. Positive samples were quasi-quan-
tified by repeated analysis in dilution.

MRI. Brain MRI was performed at screening, 28 d 
after the first drug administration, and 28 d after the 
sixth administration. The following sequences were 
acquired: high-resolution isotropic T1-MPRage (3D) 
with gadolinium (Gd) (0.1 mmol per kg body weight) 
and without Gd, 3D fluid attenuated inversion recovery 
(FLAIR), axial proton density (PD) (T2 long, with 3 
mm slice thickness and no gap). Results were anal-
ysed in each centre.

MSRV-RNA analysis. MSRV-Env and Pol RNA was 
quantified in PBMCs by polymerase chain reaction 
(PCR) before first, third, and sixth administration. 

The PCR analysis technique was based on a revised 
approach of the Mameli et al.6 method.

Cytokine analysis. Blood samples for cytokine 
measurement (interleukin 6 (IL-6), tumor necrosis 
factor (TNFα), interferon (INFγ)) in serum were 
taken at the following time points: For the first 
administration: pre-dose, 2, and 24 h after start of 
infusion, at 8, 15 and 29 d after infusion. For the 
second administration: pre-dose, at 8, and 15 d after 
infusion. For the following administrations, blood 
samples were taken before start of the GNbAC1 
infusion. The analysis was based on the quantitative 
sandwich enzyme immunoassay technique accord-
ing to manufacturer instructions (Quantakine, 
RandD Systems Inc, Minneapolis, Minnesota, 
USA). The plates were measured with microplate 
reader MRX (Dynex Technologies GmbH, Denken-
dorf, Germany).

Statistical methods. Sample size considerations for 
this study were based on the usual sample size for 
safety assessment in early clinical phase studies. 
Descriptive statistics were presented for the pharma-
cokinetic, safety, and pharmacodynamic data using 
SAS Version 9.2 or higher (SAS Institute, Cary, North 
Carolina, USA). As this analysis was not planned in 
the study protocol, MSRV markers were analysed 
post-hoc with repeated measure analysis of variance 
(ANOVA), followed by pairwise comparisons with 
the Newman-Keuls method using SigmaStat 3.5  
(Systat inc., San Jose, California, USA).

Results

Demographic and other baseline characteristics
Twelve patients were screened and 10 patients  
were included in the two centres and randomly 
assigned in one of the two cohorts, cohort 1 (n=5): 
single dose of GNbAC1 2 mg/kg or placebo and 
repeated doses of GNbAC1 2 mg/kg; cohort 2 (n=5): 
single dose of GNbAC1 6 mg/kg or placebo and 
repeated doses of GNbAC1 6 mg/kg (Figure 1).

Demographic characteristics are summarised in  
Table 1.

The demographic and disease characteristics of the 
patients were heterogeneous. However, this heteroge-
neity is not unwanted because it allows the safety and 
pharmacokinetic/-dynamic assessments in a broader 
range of patients. All the included patients completed 
the single dose and the repeated dose phases.
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Figure 1. CONSORT 2010 flow diagram of participants through the study.
PK/PD pharmacokinetics/pharmacodynamics SAD single ascending dose

Table 1. Demographic and disease characteristics of patients (mean±standard deviation).

Demography and diagnosis GNbAC1

Placebo (n=2) 2 mg/kg (n =4) 6 mg/kg (n =4) Overall (n =10)

Age (years) 50.5±7.8 52.8±4.4 55.5±8.9 53.4±6.6

Female/male 1/1 1/3 1/3 3/7

Height (cm) 172.0±9.9 177.8±13.8 174.8±3.9 175.4±9.2

Weight (kg) 71.8±11.0 84.7±16.7 84.1±1.1 81.8±11.6

BMI (kg/m²) 24.2±0.9 26.6±2.5 27.6±1.3 26.5±2.1

Diagnosis  

RRMS, n (%) 1 (50.0) 0 (0.0) 0 (0.0) 1 (10.0)

PPMS, n (%) 0 (0.0) 1 (25.0) 2 (50.0) 3 (30.0)

SPMS, n (%) 1 (50.0) 3 (75.0) 2 (50.0) 6 (60.0)

EDSS 3.3+1.1 5.6+0.8 4.8+1.8 4.8+1.5

No. of years since start of illness 6.0±1.4 13.8±6.6 15.8±12.3 13.0±8.9
Prior MS treatment, n (%) 0 (0.0) 2 (50.0) 3 (75.0) 5 (50.0)

BMI: body mass index; EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; PPMS: primary progressive MS; RRMS: 
relapsing–remitting MS; SPMS: secondary progressive MS.
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Safety evaluation
Overall, 95 AEs occurred after the start of drug 
administration: 22 were experienced during the sin-
gle dose phase; all AEs experienced during the sin-
gle administration phase were rated as mild or 
moderate in intensity. In the repeated dose phase, 73 
AEs were experienced. One AE was a serious 
adverse event (SAE): a biliary pancreatitis in a 
patient known for recurrent biliary lithiases was 
assessed as unlikely related to study treatment. 
Adverse events occurring in more than one patient 

are displayed in Table 2. There was no difference in 
the incidence of AEs between the two dose groups. 
There was also no particular pattern of AEs that 
could be attributed to the treatment.

Pharmacokinetic evaluation
Serum concentrations of GNbAC1 are summarised in 
Figure 2 with linear and semi-logarithmic scale pres-
entations. The shape of the mean pharmacokinetic 
profiles suggests two exponential decline 
components.

Table 2. Treatment emergent adverse events in single dose phase and in open label extension, observed in more than 10% of patients, by system 
organ class (SOC) and preferred term (PT).

Single dose phase SOC PT GnbAC1 

Placebo 
(n=2)

2 mg/kg (n=4) 6 mg/kg (n=4) Overall (n=10)

 n % n % n % n %

AEs 2 100 3 75 4 100 9 100
AE leading to 
discontinuation

0 0 0 0 0 0 0 0

SAEs 0 0 0 0 0 0 0 0
 General dis. and 

admin. site cond.
Fatigue 0 0 0 0 2 50 2 20

 Infections and 
infestations

Rhinitis 0 0 1 25 1 25 2 20

 Nervous system 
disorders

Headache 1 50 1 25 0 0 2 20

 GNbAC1
Repeated dose 
phase

2 mg/kg (n=5) 6 mg/kg (n=5) Overall (n=10)

 n % n % n %
AEs 5 100 4 80 9 90
AE leading to 
discontinuation

0 0 0 0 0 0

SAEs 0 0 1 20 1 10
 Cardiac disorders Sinus bradycardia 1 20 1 20 2 20
 General dis. and 

admin. site cond.
Chest pain 2 40 0 0 2 20

 Fatigue 1 20 1 20 2 20
 Gait disturbance 2 40 1 20 3 30
 Infections and 

infestations
Cystitis 2 40 1 20 3 30

 Nasopharyngitis 2 40 1 20 3 30
 Investigations ECG QT 

prolonged
1 20 1 20 2 20

 gGT increased 2 40 1 20 3 30
 Metabolism and 

nutrition disorders
Hyperglycaemia 0 0 2 40 2 20

 Renal and urinary 
disorders

Leukocyturia 1 20 2 40 3 30

AE: adverse event; ECG: electrocardiogram; SAE: serious adverse event.
gGT: gamma-glutamyl transferase; General dis: general disorders and administration site conditions
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The geometric mean pharmacokinetic parameter esti-
mates (with coefficients of variation (CVs)) are reported 
in Table 3. The pharmacokinetics of GNbAC1 after 
intravenous administration in humans is characterised 
by a rather long apparent terminal elimination half-life 
of approximately 640–880 hours (27–37 d). The tmax 
values were observed at median times of 2 h. Mean Cmax 
were about 59,000 ng/ml and 175,000 ng/ml for doses 2 
and 6 mg/kg respectively. The ratios of AUC and Cmax 
between the 2 and 6 mg/kg doses are comprised 
between 2.1 and 3.0 supporting a linear pharmacoki-
netics of GNbAC1 within the evaluated dose range.

Immunogenicity
There was no evidence of antibody production against 
GNbAC1 throughout the entire study period. All the 
repeated measurements remained below the limit of 
detection.

MRI
Nine of 10 patients had stable MRI at six months 
compared to baseline; in the dose cohort 2 mg/kg, one 
patient with SPMS presented a new T2 hyper-intense 
lesion in the cerebellum at the six-month brain MRI 
compared to baseline and day 28 MRIs.

Cytokines
No consistent changes were observed with cytokine 
measurements. Some patients presented sporadic 
slight increases of isolated cytokine values during the 
treatment period. However, due to the inconsistency of 
the cytokine concentrations at the different time points 
and because in none of the cases a consistent parallel 
or subsequent increase was observed there was no 
consistent correlation with GNbAC1 treatment.

MSRV biomarkers
MSRV-Env and MSRV-Pol transcripts were analysed: 
the distributions of MSRV transcripts levels at inclu-
sion were homogeneous in both cohorts. Figure 3 pre-
sents measurements of MSRV-Env and MSRV-Pol in 
reference to GUS-B gene expression before first, third 
and sixth GNbAC1 administrations. There was a 
decrease in MSRV-Env and MSRV-Pol transcripts 
levels at three months and six months of treatment, 
the differences were statistically significant on the 
post-hoc analysis (repeated measure ANOVA on 
MSRV-Env p=0.029, on MSRV-Pol p=0.044).

Discussion
We report the first administration of GNbAC1 to MS 
patients. GNbAC1 is a monoclonal antibody targeting 
MSRV-Env, a protein which may play a critical role in 
MS by its inflammatory and myelinotoxic properties. 
The main objective of the study was to assess the safety 
profile of GNbAC1 in MS patients, collecting pharma-
cokinetic data on repeated drug administration and 
explore responses to treatment on pharmacodynamic 
endpoints. The safety profile of repeated doses of 
GNbAC1 appears favourable in MS patients. Most of 
the adverse events were of mild to moderate severity. No 
dose-response relationship in frequencies or severity 
could be observed between the two dose cohorts. A seri-
ous adverse event, an acute biliary pancreatitis in a 
patient known for recurrent biliary lithiases, was reported 
but this event was not considered to be associated with 
the study drug. Most adverse events such as fluctuations 
in neurological symptoms or laboratory abnormalities 
observed during the treatment were either linked to 
direct or indirect fluctuations of MS disease or to pre-
existing medical conditions. Such events were not seen 
in healthy subjects receiving GNbAC1.11 Therefore, the 
reported AEs and laboratory abnormalities do not sug-
gest a particular safety risk, allowing the conclusion that 
repeated intravenous administrations of GNbAC1 at 2 
and 6 mg/kg are well tolerated and safe in MS patients.

No subject developed anti-drug antibodies during 
treatment, which points to a low immunogenicity of 

Figure 2. GNbAC1 blood concentration after first 
administration for group 1 (2 mg/kg) and group 2 (6 mg/
kg); linear and semi-logarithmic presentations.
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GNbAC1 and reduces the risk of neutralisation of 
GNbAC1. Nonetheless, the limited sample size and 
the relative short duration of follow-up limit some-
what these conclusions.

The observed pharmacokinetic profile of GNbAC1 
suggests the presence of two exponential decline 
components. Geometric mean t1/2 values ranged 
from 27 to 37 d. These values are in line with the 
reported average 25 d for IgG in humans13 and with 
the values observed in healthy subjects at similar 
doses.11 The apparent shorter half-life of the 6 mg/
kg dose group compared to the 2 mg/kg dose group 
could possibly be explained by saturation phenom-
enon of IgG recycling by neonatal receptor of the 
cristallizable fragment (FcRn) receptors as described 

with IgG at high dose,14 but considering the small 
number of subjects, these results should be inter-
preted with caution. The GNbAC1 half-life is com-
patible with a therapeutic administration schedule 
of one administration of GNbAC1 every four weeks.

Concentrations observed in this study are similar in the 
2 mg/kg group and higher in the 6 mg/kg group com-
pared to concentrations observed in healthy subjects 
and are therefore well above the minimal GNbAC1 
concentrations of at least 4500 ng/ml needed to neu-
tralise the MSRV-Env target protein.11 The exposure to 
GNbAC1 increases with the administered dose by a 
factor between two and three which is compatible with 
a linear increase of GNbAC1 exposure with dose. This 
dose-proportionality of GNbAC1 pharmacokinetics 

Table 3. Pharmacokinetic parameters by dose group, single GNbAC1 administration; values are geometric means (% 
coefficient of variation).

Parameter GNbAC1 Ratio

2 mg/kg 6 mg/kg

AUC0-tlast (ng×h/ml) 18,601,334 (21.0) 46,108,575 (24.4) 2.5

AUC0-inf (ng×h/ml) 29,003,444 (34.1) 61,076,936 (26.8) 2.1

Cmax (ng/ml) 59,161 (26.0) 175,466 (12.9) 3.0

Tmax (h) 5.3 (102.0) 5.5 (94.5) 1.0

t1/2 (h) 884 (31.8) 639 (30.2) 0.7

MRT (h) 1197 (29.9) 785 (38.2) 0.7

CL (ml/kg/h) 0.076 (35.5) 0.104 (27.6) 1.4
Vz (ml/kg) 88.6 (8.3) 92.5 (28.0) 1.0

AUC0-inf : area under the serum concentration versus time curve extrapolated to infinity; AUC0-tlast: area under the serum concentra-
tion versus time curve from time zero to the last data point tlast above the limit of quantification; Cmax: maximum observed serum 
concentration; CL: total body clearance; MRT: mean residence time; Tmax: time to the maximum observed serum concentration; t½: 
elimination half-life in the terminal phase; Vz: volume of distribution based on the terminal phase.

Figure 3. Multiple sclerosis-associated retrovirus (MSRV)-Env and MSRV-Pol transcripts expression proportional to 
reference beta-glucuronidase (GUS B), before first, third and sixth administrations (*pairwise comparison to baseline 
p<0.05, post-hoc repeated-measure analysis of variance).
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also seen in healthy subjects11 is expected with human-
ised IgG monoclonal antibodies.

In terms of MRI assessment, nine out of 10 patients 
showed stable MRI images over the six-month treat-
ment. There was no indication of a paradoxical 
increase of inflammation. The stability of the brain 
lesions over six months is an encouraging sign in 
terms of pharmacodynamic response to the treatment. 
However, due to the small sample size, the short 
observation period, and the inclusion of primarily 
progressive patients, we cannot draw firm conclu-
sions about the efficacy of this treatment.

There was a decrease in the expression of the two 
MSRV biomarkers, MSRV-Env and Pol RNA tran-
scripts, at three and six months of treatment, reach-
ing statistical significance in a post-hoc repeated 
measures ANOVA. This response is interesting as it 
shows an effect not only on the protein itself but also 
on the endogenous retroviral transcriptional activity 
associated with MSRV-Env protein expression. This 
suggests that neutralising the MSRV-Env protein 
also down-regulates the expression of the corre-
sponding endogenous retroviral genome. Moreover 
two reference MS treatments induce similar 
responses: interferon beta induces a decrease of 
MSRV-Env RNA measured by RT-PCR observed 
already at three months15 while natalizumab induces 
a decrease of MSRV-Env mRNA, measured by 
RT-PCR, observed later after six months of treat-
ment.16 This pharmacodynamic response paralleling 
the response observed with MS treatments natali-
zumab and interferon beta is promising in terms of 
therapeutic efficacy. The exploration of these mark-
ers in a future proof of concept efficacy trial of 
GNbAC1 will allow to assess whether these MSRV 
markers could be a predictor of a therapeutic 
response to treatment.

Cytokine profiles based on TNFα, IL-6 and IFNγ 
showed no particular trends over the six months of 
analysis. As observed with interferon β and natali-
zumab therapy, cytokine changes can only be expected 
over long term treatment, i.e. 1–3 years.17,18 and 
become significant only in larger patient populations. 
Thus the period of observation in this study is probably 
too short and the patient population too small to draw 
definitive conclusions on an influence of GNbAC1 on 
the cytokine profile.

In conclusion, repeated doses of GNbAC1 at doses 2 
and 6 mg/kg were very well tolerated by MS patients 
over six consecutive administrations. No signs of induc-
tion of immunogenicity were identified. 

GNbAC1 pharmacokinetics is dose-linear and its 27–37 
d elimination half-life is compatible with a four-week 
administration schedule. MRI did not indicate a para-
doxical increase of inflammation. The reduction of 
MSRV-Env RNA similar to that seen with interferon 
beta and natalizumab supports a pharmacodynamic 
response. GNbAC1, a monoclonal antibody antagonist 
of MSRV-Env, represents a totally new approach for the 
treatment of MS without a direct impact on the immune 
system. Based on the potential critical role of MSRV-
Env in the MS pathophysiology, this therapeutic 
approach could be a novel and important addition to the 
armamentarium of MS treatments. The efficacy of this 
novel approach must now be shown in a proof of con-
cept trial. The favourable safety results of this first study 
in MS patients provide a solid basis for these future 
studies.
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