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Preferential Synthesis of the G1m(1) Allotype of IgG1 in the
Central Nervous System of Multiple Sclerosis Patients

Abstract. Quantitations of the Glm(l) and Glm(3) allotypic determinants of
human immunoglobulin G were performed by radioimmunoassay on cerebrospinal
Sfuid and serum samples from patients with multiple sclerosis and from patients with
other neurological disorders. In multiple sclerosis patients that were heterozygous
Sfor these determinants, Glm(1) concentration in the cerebrospinal fluid was greatly
increased—reflected by an increased ratio of Glm(1) to Glm(3)—in comparison with
that of patients with other neurological disorders. These results suggest that in the
heterozygous multiple sclerosis patients, most of the plasma cells in the central
nervous system that secrete oligoclonal immunoglobulin G preferentially synthesize

GIm(1l) IgGl molecules.

The Gm genes constitute a polycis-
tronic system encoding for either of two
allelic v heavy chains within each
immunoglobulin G (IgG) subclass in hu-
mans (/). Different alleles are present in
different ethnic groups. In Caucasians,
Glm(1) and GIm(3) are antigenic deter-
minants located on the allelic forms of
1gG1 molecules (2); homozygotes have
either GIm(l) or GIm(3) vyl chains,
whereas heterozygotes have both
Gim(1l) and GIm(3) y1 chains. G3m(5)
and G3m(21) represent the pseudoallelic
forms of 1gG3. The Gm' and Gm?' genes
are almost always inherited simulta-
neously, that is, as a haplotype, as are
the Gm® and Gm® genes. Caucasians are
thus either homozygous Gm!'2/Gm!?!,
homozygous Gm>*/Gm>>, or heterozy-
gous Gm'2/Gm*>. In serum from het-
erozygous individuals, the amounts of
the GIm(1) and G1m(3) allotypes of IgG1
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are approximately equal (3), and each
represents about half of the amount of
IgGl—either Glm(1) or Glm(3)—pre-
sent in the corresponding homozygous
population. Quantitative variations in
G3m(5) and G3m(21) in the different
genotypes are more complex (3, 4).
Multiple sclerosis (MS) is a chronic,
relapsing, and remitting disease charac-
terized by demyelination in the central
nervous system. A well-known feature
of MS is an increase of IgG (5), particu-
larly IgGl (6, 7), in the cerebrospinal
fluid, resulting from intrathecal synthesis
by lymphoplasmocytes in the central
nervous system (8). The oligoclonal elec-
trophoretic patterns of immunoglobulins
from the cerebrospinal fluid or brain
tissue of MS patients (9) suggest their
production by a few B cell clones (10).
They may originate from a limited num-
ber of B cell clones in the central ner-
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vous system (/0). We now report a pref-
erential increase in GIm¢l) compared to
GIm(3) in the cerebrospinal fluid of MS
patients who are heterozygous Gm'?!/
Gm*?, This finding is evidence for (i) the
oligoclonal character of IgG1 in the cere-
brospinal fluid, (ii) the persistent pres-
ence of a limited number of (nonsup-
pressed) B cell clones in the central
nervous system, and (iii) the involve-
ment of two unlinked genetic systems in
the susceptibility to this disease.

Measurements of GIm(1) and G1m(3)
were performed in paired samples of
cerebrospinal fluid and serum from pa-
tients with MS or other neurological dis-
orders (OND) without demyelinating or
infectious disease of the central nervous
system (seizure disorder, dementia, eth-
anol abuse, syncope, cerebrovascular
accident, and Parkinson’s disease).
Probable Gm genotypes were inferred
from the Gm phenotypes detected in
serum by hemagglutination inhibition on
microtiter plates (/7). Concentrations of
Glm(1) and GIm(3) were measured by
radioimmunoassay (4); the normal val-
ues in serum have been published (4).
Samples of cerebrospinal fluid from
healthy donors were not available. The
mean content of GIm(1) and GIm(3) and
the ratio GIm(1)/GIm(3), if any, were
calculated in serum and cerebrospinal
fluid for each group (Table 1). The statis-
tically significant differences observed
between groups are shown in Table 2.

The serum concentrations of Glm(1)
and G1m(3) and the G1m(1)/G1m(3) ratio
in Gm homozygous and heterozygous
OND patients were not different from
those in healthy donors; consequently,
the OND group can be considered as a
reference population for normal values
in the cerebrospinal fluid. The concen-
trations of G1m(1) or G1m(3) in homozy-
gotes, or of GIm(1) + GIm(3) in hetero-
zygotes, were markedly increased in the
cerebrospinal fluid of MS patients as
compared with the OND group, in agree-
ment with the previously reported in-
crease of IgG1 in the cerebrospinal fluid
of MS patients (6, 7). A modest, not
statistically significant, increase in
GIm(1) in serum was observed in the
Gm'?' homozygous MS population,
whereas the Gm*> homozygous MS pop-
ulation exhibited a mean value of G1m(3)
close to that for OND patients and
healthy donors.

The most striking quantitative results
were obtained in the Gm heterozygous
MS population, in which a greatly in-
creased G1m(1) concentration was found
in the cerebrospinal fluid, whereas the
GIm(@3) content was identical to that
observed in the OND group. This shift of
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Table 1. GIm(1) and-GIm(3) concentrations in serum and cerebrospinal fluid from healthy donors and patients with MS or other neurological
disorders. Gm concentrations were determined by radioimmunoassay. Samples were diluted 1:1000 (serum) or 1:10 (cerebrospinal fluid) for the
assays. Values are means * standard deviation, with number of samples given in parentheses.

Serum Cerebrospinal fluid
Genotype* Glm(1) GIm(3) Gim(1y/ Glm(1) Glm®3) Glm(1)/
(mg/ml) (mg/ml) GIm(3)t (ng/ml) (1g/ml) Glm(3)t
Healthy donors
Gm"2Gm!* 7.38 + 2.73
(39
Gm3SIGm*® 7.12 £ 2.32
(41
Gm' 2 IGm*? 3.14 = 1.28 3.80 = 1.96 0.89 +0.39
(38) (38) (38)
Other neurological disorders (OND)
Gm'2YGmbt 7.16 = 3.02 241 = 12.6
(15) 4
Cm*SIGm®* 8.14 + 3.74 232+ 200
(15) (15)
Gm" 2 Gm™S 3.50 = 2.14 3.62 = 1.71 1.16 * 0.88 153 = 10.0 162 109 1.52 * 1.64
(18) (18) (18) (14) (14) (14)
Multiple sclerosis (MS)
GmbGm 9.19 %= 3.33 140.8 = 113.9
(1 3
G IGm?> 8.08 +3.19 125.3 = 155.9
17) (16)
Gm 2 Gm®® 3.30 = 1.88 2.87 £ 1.63 1.49 + 1,07 82.6 + 83.7 18.4 = 14.1 4,76 = 3.78
(22) (22) (22) (10) (10 (10

*Genotype inferred from phenotypes in serum.

one allotype content was also reflected
in the G1m(1)/G1m(3) ratio in the cere-
brospinal fluid, which was significantly
greater (4.76) than that for the OND
group (1.52). The GIm(1)/GIm(3) ratio
was also increased in the serum of het-
erozygous MS patients because of a de-
creased GIm(3) concentration; the
G1Im(1l) concentration was equivalent to
that in serum from heterozygous healthy
donors and OND patients.

A difference in quantitative expression
of the G1m(3) antigen has been related to
the « or A type of the light chains present
in the GIm(3) IgG molecules, x chains
leading to weaker G1m(3) antigenicity
than X chains (12). An increase in the k/A
ratio in the cerebrospinal fluid has been
described in about 50 percent of MS
patients (/3), and it might be suggested
that the finding of normal G1m(3) but
increased Glm(l) in the cerebrospinal
fluid of Gm heterozygous MS patients
could be due to a concomitant increase
in x .chain IgG that masks an actual
increase in GIm(3) IgG!. This is unlikely

tMean calculated from each individual ratio.

rum G1m(3) content was decreased and
G1m(1) content was unchanged, in con-
trast with changes in both the Glm(l)
and G1m(3) levels in the cerebrospinal
fluid of the same group. The shift in the
GIm(1)/GIm(3) ratio in cerebrospinal
fluid as compared to serum is best ex-
plained by de novo IgG synthesis within
the central nervous system, which oc-
curs both in MS and, to a much lesser
extent, in OND patients.

The IgG synthesized de novo within
the central nervous system of MS pa-
tients corresponds to the oligocional 1gG
described in this disease (8). This finding
leads to the assumption that two series
of immunoglobulin-producing cells are
present in the central nervous system: (i)

those reflecting the antigenic exposure of
the patient (for example, common virus-
es), and (ii) a second group with uncon-
trolled growth, possibly arising from a
lack of suppressor T cells (16, 17) or an
intrinsic inability of the B cell clones to
respond to suppressor signals (I18). Our
results strongly suggest that, in the Gm
heterozygous MS population, most of
these plasma celis synthesize Gim(1)

. IgG1. This may be due to a relationship

between IgG structure and function, as-
suming that a given immunoglobulin alio-
type favors the antibody activity (79) or
the Fc biological functions of the
immunoglobulin molecule, or both (20).

A Gm® gene deficiency at a regulatory
level could also explain the unexpected

Table 2. Statistically significant differences observed for Gim(1) and Glm(3) concentrations and
GIm(1)/GIm(3) ratios in healthy donors (HD), other neurological disorders (OND), and multiple
sclerosis (MS) patients. Statistical comparisons were first performed with Student’s t-test, after
log transformation of the data when a skewed frequency occurred in a population. When a
significant difference was observed, Mann and Whitney’s nonparametric U test was further
used because of the small number of samples in most populations.

for several reasons, including evidence Item T+ P .

reported by others that the increase in value

ChainS in the Cerebrospinal ﬂUId Of MS Diﬁerences in serum

patients is probably due to free « chains  GIm(3) concentration in heterozygous MS and HD¥ 1.94 - ~ .05

(14, 15). Glm(1)/GIm(3) ratio in heterozygous MS and HD? 2.65 < .01

Neither the normal exchange of IgG Differences in cerebrospinal fluidi

from cerebrospinal fluid to serum nor GIm(3) concentration in MS and OND homozygous for Gm? 2.51 <.02
By hrad GIm(1) concentration in heterozygous MS and OND 2.75 < .01

altered permeability of the blood-brain &0 1610 3) ratio in heterozygous MS and OND 1.045 < 01

barrier can account for the moderate
serum abnormalities observed in the Gm
heterozygous MS population, whose se-
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*Mann and Whitney’s U test.
fations.

+There were no significant differences between MS and OND popu-
$Too few values for Glm(l) in CSF from Gm' homozygous patients (MS and OND) were

available for a statistical comparison of these two groups.
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absence of an increase in Gim(3) content
in the cerebrospinal fluid of Gm hetero-
zygous MS patients. However, the
marked increase of GIm(3) in the cere-
brospinal fluid of Gm® homozygous MS
patients makes this unlikely. Studies of
Gm gene and haplotype frequencies in
MS compared to OND patients and
healthy people should provide evidence
for or against this hypothesis. Suscepti-
bility to MS is most likely polygenic and
might depend not only on genes for his-
tocompatibility antigens (HLA) (21), but
also on Gm genes, which are on a differ-
ent chromosome (22). In man, immune
responsiveness to flagellin (23) and sus-
ceptibility to autoimmune chronic active
hepatitis (24) involve interaction be-
tween histocompatibility antigens and
Gm. Non-antigen-specific binding of
IgG molecules to cell structures such as
Fcy receptors could occur in MS (9).
Preferential interaction between Fcy re-
ceptors and a given immunoglobulin sub-
class (25) or Glm allotype has been
observed (26), and our finding of in-
creased levels of Gim(1) (located on the
Fc portion of IgG1) may indicate a role
of such interactions in the demyelination
that characterizes MS.
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Development of Stereopsis and Cortical Binocularity in

Human Infants: Electrophysiological Evidence

Abstract. Dynamic random-dot stereograms and correlograms were used to elicit
visually evoked brain potentials from human infants, and these potentials were
compared with potentials evoked by classical checkerboard pattern reversal. The
results indicate that infants begin to produce stereoscopically evoked potentials at
the age of 10 to 19 weeks, several weeks after showing classical checkerboard-
evoked potentials, and suggest that the onset of cortical binocularity precedes

stereopsis.

There has been increasing interest in
assessing binocular visual function in
human infants, since early detection of
defects could aid in the treatment of
strabismus and in the prevention of am-
blyopia and loss of depth perception.
Behavioral responses to random-dot ste-
reograms have been used to demonstrate
stereoscopic discrimination in infants 3
to 6 months of age (/). An electrophysio-
logical method (2, 3) has revealed that
infants as young as 2 months can detect
changes in binocular spatial correlation
between random-dot patterns presented
to both eyes (¢). We report electrophysi-
ological evidence indicating that the vi-
sual system begins to process random-
dot stereograms when the infant is 10 to
19 weeks of age, several weeks after the

processing of luminance patterns begins.
Dynamic random-dot correlograms
and dynamic random-dot stereograms
contain stereoscopic cues that can only
be perceived by subjects with functional
stereopsis (5-7). When viewed monocu-
larly or by subjects without stereopsis,
these correlograms and stereograms ap-
pear similar to the ‘‘snowstorm’ on an
untuned television set. Dynamic ran-
dom-dot correlograms and stereograms,
unlike static ones, are devoid of monocu-
lar cues caused by binocular correlation
changes or by binocular disparity
changes (8). This is important in measur-
ing visually evoked potentials (VEP’s),
where repeated presentation of the same
stimulus and averaging of the stimulus-
locked brain potentials are required.
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Fig. 1. Relative weighted root-mean-square (RMS) values of the two stereoscopic test stimuli
NP (@) and DF (W) and of the contro! stimulus SS (O). Data are given for (A) stereoblind adults
and children (N = 15), (B) infants (N = 17), (C) stereonormal children (N = 20), and (D)
stereonormal adults (N = 20). Criterion responses (relative weighted RMS = 12 percent) are
above the dashed line. The shaded zone (2 to 4.3 months) is the age range where cyclopean
VEP’s developed in our sample of infants. Data in (A), (C), and (D) represent means * 1

standard deviation.
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