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Immunoglobulin treatment in human and
experimental epilepsy

Baziel GM van Engelen, Willy 0 Renier, Corry M R Weemaes

Abstract
The relationship between human
immunoglobulin administration, and
human and experimental epilepsy was
investigated by reviewing the literature
as well as the authors' clinical and exper-
imental studies. The focus was: 1) the
possible efficacy of IVIg; 2) the possibility
that IVIg significantly increases CSF IgG
and could reach the brain, and 3) the
interaction between the IVIg preparation
and epilepsy. There is still no formal
proof of efficacy of IVIg treatment in
epilepsy. However, the clinical data pre-
sented suggests that IVIg is likely to be
effective in a subgroup of patients with
intractable and epilepsy, and may be
considered as a safe add-on medication
in various types of idiopathic and symp-
tomatic intractable epilepsy. From the
authors' study on cerebrospinal fluid IgG
concentrations before and after IVIg
treatment in patients with epilepsy, it is
concluded that the main component of
the IVIg preparation (the IgG molecule)
crosses the blood-CSF barrier, signifi-
cantly increases CSF IgG concentration,
and may reach the brain and act cen-
trally. From a review of previous reports
and two immunological studies carried
out by the authors it is concluded that
immunogenetic mechanisms may play a
role in triggering or maintaining some
types of epilepsy. In view of this, IVIg
could act on epilepsy by its broad
immunomodulatory mechanism of
action. In addition, preliminary data are
reported that contribute to the hypothe-
sis that IVIg may have a direct neuro-
modulating effect.
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Neuroimmunology is one of the attempts to
bridge the gap arising from compartmen-
talisation. In general, there is no doubt con-

cerning a bidirectional interaction between
the nervous and the immune system.'
Nevertheless, since an empirical start in
1977,2 it remains controversial whether there
is such an interaction between the nervous

system and the immune system with respect
to immunoglobulin administration in
epilepsy. In this paper we investigate this
interaction. The major questions are: 1) What
data support the possible efficacy of
immunoglobulin in epilepsy? We address this
question by reviewing previous studies and
reporting our own pilot study on intravenous
immunoglobulin (IVIg) in 15 patients with

intractable childhood epilepsy; 2) Does IVIg
significantly increase cerebrospinal fluid
(CSF) IgG and could it reach and interact
with the brain? We therefore performed CSF
investigations before and after IVIg treat-
ment; 3) If IVIg seems effective in some
patients with epilepsy, what could be the
mechanism of action? Are there indications
for an immunological mechanism in epilepsy
(we report two of our immunological studies
and review other immunological studies on
epilepsy), or does IVIg act directly as an anti-
convulsant by a neuromodulating mecha-
nism? We also discuss preliminary data on the
effect of human IVIg administration in exper-
imental epilepsy.

1) Possible efficacy of IVIg in intractable
epilepsy
To ascertain possible efficacy, we identified
all articles on IVIg (for reasons of con-
venience the abbreviation IVIg will be used
for immunoglobulin administered intra-
venously and intramuscularly) treatment in
intractable epilepsy by performing an English,
German, and French-language literature
search using MEDLINE (1966-93), by
reviewing meeting reports, and by extensive
hand search of bibliographies. In 24 studies,
none with a placebo controlled design, 368
patients with epilepsy who were receiving
IVIg were identified.3 Patients' ages ranged
from < 1 to 35 years, mean 7-3 years.
Female/male ratio was 06. All patients had
intractable epilepsy. On average the percent-
age of patients with an IgG, deficiency was
25%. The total dose of IVIg varied between
03 and 6-8 gm/kg for a period of 0-15 to 12
months. Whenever reported, adverse effects
of IVIg were minimal. None of the studies
reported the need to stop IVIg administration
because of adverse effects. On average the
mean percentage of clinical seizure reduction,
and the mean percentage of electroencephalo-
graphic (EEG) improvement was 52% and
45%, respectively. The average percentage of
patients with complete seizure remission, and
of patients with behavioural improvement
was 23% and 63%, respectively.

Cumulative meta-analysis of the reports
was not possible because of the lack of con-
trolled studies, the heterogeneity of the avail-
able studies, and the possible publication bias
of unpublished negative data. Because of
these pitfalls, we carried out our own pilot
study to find out if it merited a more
extended and controlled trial. Our pilot study
also lacks a randomised and controlled
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design, but partly corrects for this by "blind"
scoring of the EEGs before and after
treatment.

In an add-on pilot study,4 a group of 15
children with cryptogenic and intractable
West syndrome (WS, n = 3) and Lennox-
Gastaut syndrome (LGS, n = 12) received
IVIg (0 4 g/kg body weight per day for five
consecutive days, followed by the same dose
once every two weeks for three months). IVIg
was produced from the plasma of more than
3000 Dutch blood donors by ethanol fractio-
nation, treated at pH 4 with a low concentra-
tion of pepsin (Central Laboratory of the
Netherlands Red Cross Blood Transfusion
Service, Amsterdam, NL). Five patients had
been treated previously with adrenocortico-
trophic hormone (ACTH) without success.
The reduction in clinical seizures averaged
70%. One patient showed total cessation of
seizures. EEG recordings, scored "blind",
revealed a mean reduction in spike wave dis-
charges of 40%. In all 15 patients accelera-
tion of EEG background activity occurred,
and psychomotor development (measured by
the Denver Developmental Screening Test)
improved.
The favourable results of this study agree

with the data derived from review of the
literature.3 Although there is still no formal
proof of efficacy of IVIg treatment in
epilepsy, the clinical data suggest that IVIg is
likely to be effective in some patients with
intractable epilepsy, and may be considered
as a safe add-on medication in intractable
epilepsy. Intractability is defined as insuffi-
cient control of epilepsy by adequate doses of
antiepileptic drugs.

2) CSF investigations in intractable
epilepsy before and after IVIg treatment
Before and after IVIg administration, the
CSF was examined5 in the group of 15
patients with cryptogenic types of WS and
LGS. Compared with an age-matched con-
trol group, no CSF abnormalities were found
before or after IVIg administration. This
agrees with the concept of cryptogenic aetiol-
ogy. Hypotheses concerning seizure conse-
quences, such as, increased blood-CSF
permeability, increased markers of brain cell
destruction, or increased metabolic compo-
nents could not be confirmed.

After IVIg administration in these patients
with WS or LGS (all with a generally undis-
turbed blood-CSF barrier permeability as
determined by Q albumin = CSF albumin
concentration x 105/serum albumin concen-
tration) CSF IgG concentrations increased
significantly and proportionally to the Q albu-
min level. The serum total IgG concentration
and the CSF IgG concentration increased by
an average of 76% and 44%, respectively.
There were no signs of adverse effects (such
as, aseptic meningoencephalitis) after 165
infusions of IVIg performed on the 15 chil-
dren.
From this study we conclude that the main

component of the IVIg preparation (the IgG

molecule) crosses the blood-CSF barrier,
significantly increases the CSF IgG concen-
tration, and is likely to reach the brain and
act centrally.

3) The interaction between IVIg and
epilepsy
IVIg treatment in epilepsy started
empirically.' Now we need to make a more
rational study of the possible mechanisms of
action of IVIg in intractable epilepsy. We
have attempted to bridge the gap between
intractable epilepsy and the broad
immunomodulatory effect of IVIg treatment,
by discussing: A) indications for an immuno-
logical mechanism in epilepsy, and B) indica-
tions of a possible non-immunological
mechanism of action of IVIg.

A) AN IMMUNOLOGICAL MECHANISM IN
EPILEPSY (CLINICAL RESEARCH)
The hypothesis that immunological mecha-
nisms are involved in the pathogenesis of
epilepsy is not new. The old allergic approach
to epilepsy6 7 has been revived and trans-
formed to an immunological one based on
additional clinical and experimental findings.
For a review of the experimental findings we
refer to Aarli.8
We have focussed on the clinical investiga-

tions but immunological data in the various
studies are difficult to compare, and the con-
tribution of anticonvulsant drugs to the
immunological abnormalities is not always
clear. Reported laboratory investigations in
favour of an immunological aspect in human
epilepsy include: an impaired humoral
immunity predominantly IgA and IgG2
deficiencies,9-"2 lower kappa/lambda ratios of
serum IgG, and serum IgM,"3 an increased
incidence of antibodies against the frontal
cortex,'415 increased percentage of B-cells,'6
decreased percentage of T-cells,12 decreased
CD4-CD8 T-cell ratios,'7 and differences in
HIA class II antigen frequencies compared
with the general population. 18-21 The IgA
deficiency found in 5-10% of patients with
epilepsy is usually drug-induced, but such
patients can have subnormal IgA before
treatment.8

Other indications in favour of an immuno-
logical involvement in epilepsy are the clinical
experience of exacerbation but also of total
remission of intractable childhood epilepsy
after viral infections." '3 Indirect evidence for
reciprocal interactions between the immune
and nervous system in epilepsy are the
immunological alterations induced by anti-
convulsant drugs such as, phenytoin, and car-
bamazepine,8'4 and the anticonvulsant effect
of immunosuppressive drugs such as ACTH
and corticosteroids in otherwise intractable
childhood epilepsy like West syndrome.'6

In conclusion, there is evidence for an
association between epilepsy and immuno-
logical disturbances in some patients. This
association, however, has not yet been firmly
explained and the most fundamental ques-
tions concerning this association remain
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unsolved. Firstly, immunological factors may
contribute to the development of epilepsy.
Secondly, it is possible that as a result of
seizures, CNS antigens may become exposed
to and trigger the immune system. Thirdly,
another possibility is misregulation of the
immune system in epilepsy, due to a common
underlying biological process that during
development concurrently gives rise to
immune misregulation and to CNS distur-
bances leading to epilepsy.'4
Our own immunological studies in twelve

children with LGS involved a functional test
of overall immune responsiveness (in vivo
primary humoral immune response against
the neoantigen haemocyanin), and serological
HLA typing for class I as well as class II
antigens.
The in vivo primary humoral immune

response against haemocyanin was deter-
mined, in addition to measurements of serum
total IgG, IgA and IgM concentrations, IgG
subclass concentrations, percentages of B-
cells, percentages of CD3, CD4, and CD8
positive T-cells, and in vitro lymphocyte
proliferation. Total IgG concentrations were
significantly increased in patients with LGS
compared with the normal control group (p <
0-05). The peak IgM response after two
weeks of immunisation with haemocyanin
was decreased in the LGS group compared
with the epilepsy control group (on the same
anticonvulsant medication, p < 0.05) and to
the normal controls (p < 0005). The IgA
response after two weeks was reduced in both
the LGS and the epilepsy control group com-
pared with normal controls (both p < 0 05).
The IgG response did not differ significantly
between the three groups (p > 0 05),
although there was a trend towards lower IgG
responses in the LGS group compared with
normal controls (p = 0-04).
The combination of immunological find-

ings in the patients with LGS, can be
considered as the expression of a dys-
balanced-triggered (elevated IgG concentra-
tions) as well as functionally impaired
(decreased humoral immune response to a
primary antigen)-immune system. This
combination of findings has also been
described in an autoimmune disease like
systemic lupus erythematosus in humans and
in epilepsy-prone rats.

Serological HLA class I and class II typing
was performed on 12 patients with crypto-
genic LGS and compared with a normal con-
trol group of 1661 Whites.2' In the LGS
group we found a significant increase in the
frequency of DR5 antigen (55%, Chi-square
= 5 6), and an indication of a decrease in the
frequency of DR4 antigen (0%, Chi-square =
3-0) compared with controls (20% and 28%,
respectively). No significant differences
existed in the frequencies ofHLA class I anti-
gens (HLA-A, B, and C) between the LGS
group and the controls. Because HLA class II
antigens are crucial for the immune response,
the HLA class II antigen associations (that is,
an increase in the frequency of DR5 antigen
and an indication of a decrease in the

frequency of DR4 antigen) could make
individuals susceptible to developing epilepsy
when exposed to various factors such as viral
infections, and could be compatible with an
(auto)immune genesis of these epilepsies.
These findings contribute to the hypothesis

that immunogenetic mechanisms may play a
role in triggering or maintaining cryptogenic
LGS. IVIg could thus act on epilepsy by its
broad immunomodulatory mechanism of
action, for example, by restoration of a
normal immune repertoire or by anti-idiotype
interaction.26

B) A NEUROMODULATING OR DIRECT
ANTICONVULSANT EFFECT OF IVIg
(EXPERIMENTAL RESEARCH)
In humans, IVIg has been reported to be
beneficial for more than 35 diseases that may
be produced by immunopathology.26 How-
ever, its exact mechanisms of action remain
largely unknown, especially in neurological
diseases, where it is undetermined whether
IVIg in addition to its accepted immunologi-
cal mechanism of action may also exhibit a
direct neuromodulating effect. There are
some indications which may support a non-
immunological mechanism of action of IVIg
in epilepsy: 1) an immediate clinical treat-
ment effect in some patients with otherwise
intractable epilepsy, that is present not in a
single type but in various types of idiopathic
and symptomatic epilepsy suggesting direct
interference with the final common pathway
of brain disturbance; and 2) an anticonvul-
sant effect in an animal model of kindled
cats.27 Because the possibility of a direct
neuromodulating effect has been denied with-
out (published) data,28 we investigated the
anticonvulsant effect of IVIg in a direct
cortical stimulation model of epilepsy.29
A total of 55 female Wistar rats was used.

Human IVIg (Central Laboratory of the
Netherlands Red Cross Blood Transfusion
Service, Amsterdam, NL) was administered
in a comparable dose as in humans
(400-1500 mg/kg bodyweight) by a single
intraperitoneally (ip) administered dose. In
one control experiment human albumin
(400-1000 mg/kg bodyweight ip) was used.
Overall, six (11%) of 55 animals receiving
IVIg showed a significant increase in seizure
threshold, starting within the first hour after
administration and continuing for at least 40
hours. This effect of IVIg was remarkably
variable between and even within the various
experiments. The only other study reporting
the administration of human IVIg in an ani-
mal model of epilepsy (amygdaloid kindled
cats) found a comparable time-effect relation-
ship,27 but the variability in IVIg effect was
found to a lesser degree. In that study eight of
10 animals showed a favourable response.
Both studies found a similar immunohisto-
chemical staining pattern for human IgG.
IgG penetrated the blood-brain barrier and
could be found around blood vessels. It was
even taken up by some nerve and glial cells in
the cerebral cortex and deep structures of the
central nervous system.
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In conclusion, IVIg shows a direct anticon-
vulsant effect in a subgroup of tested animals.
This effect could be mediated by its main
component, the IgG molecules, because they
reached the brain and could be found around
blood vessels and even in some neural and
glial cells. IgG Fc receptors have been
described in human and rat brains.30
Nevertheless, we cannot exclude an effect of
cytokines or other humoral factors which are
induced by, or may be present in low concen-
trations in IVIg preparations and are known
to have an effect on CNS fumctioning and
EEG.3" The results in an animal model, con-
firm the clinical impression of the variability
of the IVIg effect, and the existence of a sub-
group showing a favourable response.

4) Conclusion
The studies discussed indicate that there may
be a bidirectional interaction between the
immune system and nervous system' for IVIg
treatment of epilepsy. Firstly, some immune
abnormalities are found in some types of
human epilepsy, and secondly, IVIg causes
an anticonvulsant effect in a subgroup of
animals, whereas an effect on human epilepsy
is likely.

IVIg treatment offers the possibility of
approaching the nervous system via the
immune system. It represents a stage in the
search for more specific neuromodulating
immune factors. If an anticonvulsant effect
can result from application of such relatively
crude IVIg preparations, appropriately tar-
geted reagents may have clearly improved
efficacy.
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