
Survival in a Transgenic Model of FALS Is
Independent of iNOS Expression
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Mutations in the gene encoding Cu, Zn superoxide dis-
mutase (SOD1) have been shown to cause one form of fa-
milial amyotrophic lateral sclerosis (FALS). Experiments have
indicated a toxic gain of function for the abnormal enzyme,
although the precise mechanisms underlying mutant
(m)SOD1 toxicity are still unclear.1 One possible hypothesis
is based on the fact that reduced zinc binding to mSOD1
results in the enzymes enhanced ability to interact with nitric
oxide (NO), generate peroxynitrite, and catalyze the nitra-
tion of tyrosine residues within critical cellular proteins.2 If
the nitration\peroxynitrite hypothesis is correct and NO is
critical in the pathophysiologic process induced by mSOD1,
then alterations in NO synthesis might be expected to sub-
stantially affect the disease course.

Because of its expression in motor neurons, neuronal NO
synthase (nNOS) has been previously studied, but ablation
of its activity either by pharmacologic means or by genetic
manipulation using nNOS knockout mice had no effect on
the course of disease in mSOD1 transgenic mice.3–4 How-
ever, these experiments did not inhibit inducible(i) NOS to
any significant extent and thus could not address a poten-
tially important contribution from iNOS to the disease pro-
cess. Expression of iNOS is greatly increased within the spi-
nal cords of mSOD1 transgenic mice as they age and
develop weakness.5 Importantly, iNOS expression is localized
to astrocytes and microglia. These cell populations undergo
activation during preclinically symptomatic time periods in
mSOD1 mice and express critical proteins that might serve
as targets for peroxynitrite mediated injury. For these rea-
sons, we elected to study the effect of iNOS in mSOD1-
induced disease.

Mice with targeted deletions of both iNOS alleles (B6,129
background), as well as transgenic mice expressing human
SOD1 with a glycine to alanine change at codon 93, (B6-
SJL strain; JR2300) were obtained from Jackson Labs. These
two lines were crossed and F1 offspring positive for the
G93A transgene were crossed with F1 siblings lacking the
transgene. The F2 generation therefore afforded progeny car-
rying all iNOS genotypes (iNOS 1\1, iNOS 1\2, and

iNOS 2\2) with or without the G93A SOD1 transgene
and were followed longitudinally for survival (see Fig).

The mean survival for G93A SOD1 mice homozygous for
both deleted iNOS alleles was 254 6 3 days. This value does
not significantly differ from the mean survival of G93A
SOD1 littermates heterozygous for the targeted iNOS allele
(257 6 6 days) or G93A SOD1 mice with both wild-type
iNOS alleles (253 6 5 days). Pathologic features including
motor neuron loss, astrogliosis, and microglial activation
were similar in spinal cord sections taken from both G93A
SOD1 mice and G93A 93A SOD1 mice lacking iNOS (data
not shown).

The results of this study indicate that survival and disease
course in mice expressing a G93A SOD1 mutation is inde-
pendent of iNOS expression. Taken together with studies
finding little effect of nNOS on mutant SOD1-induced dis-
ease, these results would appear to offer an in vivo challenge
to the importance of the nitration hypothesis for FALS
pathogenesis.
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Herpes Simplex Virus Type 1-Induced Acute
Retinal Necrosis
Kei Numazaki, MD, PhD,1 and Norihiko Itoh, DVM2

In their article on herpes simplex virus type 1 (HSV-1)
infection and acute retinal necrosis (ARN), Maertzdorf
and colleagues1 report that the HSV-1 strains in brain
and eye of 2 patients with ARN following an episode
of HSV encephalitis were genotyped, and strains in
both brain and eye were identical in each patient. They
conclude that their results indicate brain-to-eye trans-
mission of HSV-1 in patients.

Fig. Cumulative survival curve for G93A SOD1 mice with or
without targeted iNOS allele deletions. There is no significant
difference in survival between the differing genotypes. SOD 5
G93A SOD1.
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ARN is a rapidly progressive and severe form of ne-
crotizing retinitis usually caused by HSV-1 in younger
patients and varicella-zoster virus (VZV) in older pa-
tients.2 Typical cases of ARN originally reported in pa-
tients with immunosuppressive condition begin with
retinal vasculitis and a diffuse uveitis. In both healthy
and immunosuppressed adults, HSV-1 has been shown
to cause not only typical ARN but also other types of
ocular inflammatory syndromes.

In a recent study of 16 cases of ARN from Japan, 7
were associated with HSV-2, 9 were associated with
VZV, and none were associated with HSV-1.3 Lieseg-
ang4 indicates that in Japan, HSV genital infection is
caused by HSV-2 in only 34.5% of women and that
the seroprevalence of HSV-2 in women is markedly
lower in Japan (7%) compared to the United States
(27.8%). These statistics may support their belief that
HSV-2 is the cause for ARN in Japan.

Generally, herpesvirus infections are effectively con-
trolled by the immune system without the ultimate
clearance of the virus. Seropositivity for antibodies
against HSV-1 and HSV-2 is indicative of latent infec-
tion but insufficient as a predictor for the risk of
recurrence. Latent herpesvirus burden and risk of reac-
tivation may be related to the extent of virus multipli-
cation during primary infection. The clinical evidence
demonstrates that host factors determine whether the
individuals with latent herpesvirus infections develop
symptomatic reactivation. Latency with HSV-1 and
HSV-2 is prevalent with clinically evident reactivated
and recurrent infections. More than two thirds of ini-
tial HSV-1 and HSV-2 infections are asymptomatic or
unrecognized. The concept of corneal latency for HSV
has been discussed in recent years, although no firm
conclusion has been established.5

If HSV encephalitis in patients described by Mae-
rtzdorf and colleagues1 was caused by primary infec-
tion, transmission of the virus from brain-to-eye can be
established. However, if HSV enchalitis was caused by
reactivation, local reactivation of the virus in eyes with-
out neuronal translocation following the episode of en-
cephalitis cannot be neglected.
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Reply
Georges M. G. M. Verjans, PhD, and
Albert D. M. E. Osterhaus, DVM, PhD

We thank Drs. Numazaki and Itoh for their interest in our
study and appreciate their comments on the aetiopathogen-
esis of acute retinal necrosis (ARN). ARN is a sight-
threatening retinal disease mainly induced by the herpes vi-
ruses herpes simplex virus (HSV) and varicella zoster virus
(VZV). Whereas the direct viral cytopathic effect on retinal
cells appears to be limited, ocular infiltrating T cells directed
to the triggering virus are considered to play a pivotal role in
the pathogenesis of ARN.1,2

In our study, genotypic analyses on two patients with
HSV-1-induced ARN following herpes simplex encephalitis
(HSE) revealed that the brain- and eye-derived HSV-1
strains were identical.3 In contrast to VZV, latency of HSV
is restricted to ganglia.4 This, together with data on transax-
onal spread of HSV-1 from brain to eye in the ARN mouse
model5 and the history of HSV-induced brain lesions in pa-
tients with HSV-induced ARN,3,6 implicate brain-to-eye
transmission of HSV-1 rather than reactivation of latent
HSV-1 residing within the eye of the patients analyzed. This
mode of HSV-1 transmission may not only occur during pri-
mary but also during recurrent episodes of HSE.
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Interleukin-12p40 Genotype Plays a Role in the
Susceptibility to Multiple Sclerosis
Tineke van Veen, MSc,1,2 J. Bart A. Crusius, MSc,3

Hans M. Schrijver, MD,1 Gerd Bouma, MD, PhD,3

Joep Killestein, MD,1 Lisa van Winsen, MD,1

A. Salvador Peña, MD, PhD,3

Chris H. Polman, MD, PhD,1 and
Bernard M.J. Uitdehaag, MD, PhD1,2

Our group has previously demonstrated that interleukin
(IL)-12p40 mRNA in peripheral blood mononuclear cells
(PBMCs) from patients with multiple sclerosis (MS) was in-
creased and that this increase preceded clinical relapse.1

These results are in concordance with a body of evidence
that suggests a role for IL-12 in the pathogenesis of MS and
other autoimmune diseases. IL-12 is the most important fac-
tor directing differentiation of autoaggressive Th1 cells.2

Recently, it was demonstrated that polymorphism in the
39-untranslated region of the IL-12p40 gene3 affected IL-12
production by PBMCs.4 We hypothesized that a genetic pre-
disposition to high production of IL-12 may increase the risk
of developing MS and that genetically determined low pro-
duction may decrease this risk. To investigate this, we com-
pared the IL-12p40 genotypes5 from 390 Dutch patients
with clinically definite MS and those from 145 healthy
Dutch controls. All subjects were unrelated and Caucasian.
We obtained informed consent from all participants, and our
study was carried out with the approval of the Medical Eth-
ical Committee of the VU Medical Centre (Amsterdam, The
Netherlands).

All genotypes were in Hardy-Weinberg equilibrium. As
shown in the table, the number of individuals homozygous
for the B allele was lower in the patient group than in the
control group (p 5 0.002, x2 test). In a previous study of
only 77 patients, a similar trend was observed, although sta-
tistical significance was not reached.5

The odds ratio of genotype BB (noncarriers of A) com-
pared to carriers of A for MS is 0.20 (95% confidence in-
terval 0.07–0.60), indicating a protective effect of this geno-
type. This is in line with the association of allele B with
resistance to insulin-dependent diabetes mellitus (IDDM).4

Interestingly, this allele is associated with reduced production
of IL-12p40 compared to allele A in cell lines.4 Thus, it can
be hypothesized that genetically determined lower levels of
IL-12p40 may decrease susceptibility to MS and IDDM be-
cause of reduced induction of autoaggressive Th1 cells.

The BB genotype was not associated with severity of dis-
ease, type of disease, age at onset, or gender (data not
shown). Thus, it seems that, once initiated, the disease
course is not affected by the IL-12p40 genotype.

In summary, we found in our patients that homozygosity

for allele IL12p40*B was associated with protection from
MS. This observation is in line with recent findings in
IDDM and supports the concept that genetic variation un-
derlying IL-12p40 production may play a role in determin-
ing susceptibility to autoimmune diseases.
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Polymorphism of the Interleukin-1 Gene Complex
in Localization-Related Epilepsy
Jukka Peltola, MD,1,2 Tapani Keränen, MD, PhD,1,2

Sirpa Rainesalo, MD,1,2 and Mikko Hurme, MD, PhD1

Kanemoto and co-workers1 reported an association of a poly-
morphism in the interleukin-1b (IL-1b) gene with temporal
lobe epilepsy and hippocampal sclerosis (TLE-HS1). In
TLE-HS1 patients, they observed an overrepresentation of
the homozygotes for IL-1b-511 allele 2 compared to patients
with temporal lobe epilepsy without hippocampal sclerosis
(TLE-HS–) or control subjects.

In the present study, we investigated IL-1a, IL-1b, and
IL-1 receptor antagonist (IL-1RA) gene polymorphism in 48
consecutive patients with therapy-resistant, localization-
related epilepsy. The following allelisms of the IL-1 gene
polymorphism were analyzed: IL-1a, base exchange poly-
morphism at position –889; IL-1b, base exchange polymor-
phism at position –511; IL-1RA, variable numbers of 86 bp
tandem repeats in intron 2 as previously described.

All patients experienced at least 1 seizure/month in spite
of adequate trials with at least 2 conventional or new anti-
epileptic drugs. Twenty-eight patients had TLE (6 patients
had hippocampal sclerosis), 12 frontal lobe epilepsy, 6 pari-
etooccipital epilepsy, and 2 multifocal epilepsy. Four hun-
dred healthy blood donors served as controls.

The frequencies of the IL-1a allele 1 and IL-1b allele 2
were statistically significantly higher in patients compared
with controls (Table), whereas there were no differences in

Table. IL-12p40 Genotype Frequencies in Healthy Controls
and Patients with Multiple Sclerosis (MS)

Genotype
Controls, n (%)
(n 5 145)

MS, n (%)
(n 5 390)

AA 98 (68) 273 (70)
AB 38 (26) 112 (29)
BB 9 (6) 5 (1)
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IL-1RA allele frequencies (data not shown). Patients and
controls were grouped according to allele 2 status into carri-
ers (A21) and noncarriers (A2–), and the 2-locus combina-
tions of the allele 2 carrier status were compared. The com-
bination of IL-1b (–511) A21/IL-1RA (VNTR) A2– was
more prevalent in patients (19/47, 40%) than in controls
(96/400, 24%) (p 5 0.0148, k2 5 5.94, odds ratio 5 2.1).

Kanemoto et al.1 found an overrepresentation of the ho-
mozygotes for IL-1b-511 A21 in patients with TLE-HS1

only. In our study, the frequency of allele 2 was significantly
higher in patients but the prevalence of homozygotes for al-
lele 2 was not statistically significantly different in patients
compared with controls. Because nearly half of our patients
had extratemporal epilepsy, it is unlikely that our findings
can be explained by the TLE-HS1 patients only. Experimen-
tal studies suggest that IL-1b prolongs the duration of sei-
zures and seems to promote neuronal damage, whereas its
effects are blocked by IL-1RA.2 Our results support the hy-
pothesis that IL-1b and IL-1RA pleomorphism affect neuro-
nal responses associated with seizures, and haplotypes with
propensity to increased inflammatory cytokine responses
(carrier of IL-1b allele 2/noncarrier of IL-1RA allele 23) may

lead to increased susceptibility to the development of
therapy-resistant epilepsy.

This study was supported by the Medical Research Fund of Tam-
pere University Hospital.
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Table. Allele Frequencies of the Genes of the IL-1 Complex in Epileptic Patients (n 5 48) and Healthy Controls (n 5 400)

Allelism (Position) Patients Controls OR 95% CI p

IL-1a (2889) genotype
(n 5 47)

1.1 30 (64%) 167 (42%) 2.462 1.315–4.610 0.0039
1.2 13 (28%) 201 (50%) 0.379 0.194–0.739 0.0034
2.2 4 (8%) 32 (8%) n.s.

IL-1a allele frequency
Allele 1 0.78 0.67 1.712 1.031–2.843 0.0359
Allele 2 0.22 0.33 0.584 0.352–0.970 0.0359

IL-1b (2511) genotype
(n 5 48)

1.1 5 (10%) 146 (37%) 0.202 0.074–0.522 0.0003
1.2 31 (65%) 182 (46%) 2.184 1.171–4.074 0.0124
2.2 12 (25%) 72 (18%) n.s.

IL-1b (2511) allele
frequency

Allele 1 0.43 0.59 0.518 0.338–0.795 0.0023
Allele 2 0.58 0.41 1.93 1.258–2.962 0.0023

OR, odds ratio; 95% CI, 95% confidence interval; n, number of individuals; n.s., not significant. The frequencies of alleles, allele 2 carrier
status, and genotypes of the IL-1 polymorphisms were compared between epileptic and control groups by the x2 test. p , 0.05 was considered
statistically significant. The OR and 95% CI were calculated using the Confidence Interval Analyses program (version 1.1).
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