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We wished to compare the frequency of group-
specific (Gc) phenotypes in the general popula-
tion with that in people with human im-
munodeficiency virus (HIV) infection to find out
whether the Gc protein is a marker for suscepti-
bility to HIV infection. We determined the
phenotype frequency in 1083 randomly selected
serum samples obtained from the Canadian
Influenza Survey Studies and compared it with
that in 263 serum samples obtained from the
Federal Centre for AIDS and the Syphilis Serol-
ogy Proficiency Testing Laboratory. No associa-
tion between Gc phenotype and HIV status was
found. However, there was a strong association
between the Gc protein lf/lf phenotype and
syphilis.

On a compare les frequences relatives des
phenotypes de groupe (Gc) dans la population
generale et chez les porteurs du virus immuno-
deficitaire humain (VIH) afin de savoir si la
proteine Gc pourrait servir k reconnaltre les
personnes sujettes k cette infection. Les 1083
echantillons de serum choisis au hasard parmi
ceux preleves pour la surveillance canadienne
de l'influenza sont mis en regard de 263 echan-
tillons de sErum obtenus du Centre feddral
d'etude du SIDA et du Laboratoire de controle
du serodiagnostic de la syphilis. Si les phenoty-
pes Gc ne montre aucun rapport avec la serolo-
gie VIH, le phenotype Gc lf/lf en possede un
tres marque avec la syphilis.
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T he availability of a clinical marker for sus-
ceptibility to human immunodeficiency
virus (HIV) infection it of paramount impor-

tance to the global medical community.
The group-specific component (Gc protein) is

an a2-globulin that is found on cells and in
serum.12 Electrophoresis has shown that there are
three major alleles in the Gc system: Gcl, Gcls and
Gc2.3 A person's phenotype for the Gc protein is
determined by the rules of mendelian inheritance;
therefore, any person may have one of six common
phenotypes. Some 30 rare variants of this system
have been reported.4

The Gc protein was originally thought to be a
blood-group protein, but subsequent investigations
have identified it as the vitamin-D-binding factor.5
When bound to vitamin D, Gc can transport large
amounts of calcium and may be important in
regulating the bioenergetics of cells. Little is
known about the biologic importance of the Gc
protein or the functional differences between the
six subtypes. Gc interacts with IgG on the mem-
brane of B lymphocytes and with the Fc (crystalliz-
able fragment) receptors of IgG and may, in fact,
be an Fc-gamma receptor. Certain Gc subtypes
have been assocated with rheumatoid arthritis,6
multiple sclerosis7 and liver disease,8 but how the
Gc protein contributes to the pathogenesis of these
disorders has not been established.

Eales and colleagues9 reported an association
between different Gc alleles and the susceptibility
to and the clinical manifestation of HIV infection.
Subsequent studies10'11 were unable to confirm this
finding. It is most commonly suggested that the
discrepancy between these later reports and the
initial study is most readily explained by sampling
error (chance), differences in the methods used to
screen for the Gc protein, differences in the ethnic
backgrounds of the sample populations or some
combination of these factors.

In an attempt to test the hypothesis proposed
by Eales and colleagues we compared the frequen-

CMAJ, VOL. 138, JUNE 1, 1988 1013



cy of Gc phenotypes in the general population
with that in people with HIV infection.

Methods

We obtained as controls 1083 randomly select-
ed serum samples from the Canadian Influenza
Survey Studies, which collect blood samples every
2 weeks until the influenza season begins to
examine viral antibody titres in clinically healthy
people of different ethnic backgrounds and sexual
preference from three age groups: less than 15
years of age, 15 to 64 years of age and 65 years of
age or more. These people were from five prov-
inces, which included the main urban areas in
eastern and western Canada.

In addition we obtained serum samples from
the Federal Centre for AIDS, Ottawa, which re-
ceives samples from across Canada for confirma-
tion of HIV infection, and from the Syphilis
Serology Proficiency Testing Laboratory, Labora-
tory Centre for Disease Control, Ottawa, which
receives samples for subsequent pooling to estab-
lish a proficiency test panel. Of the 263 samples
155 were HIV-positive; of the 133 syphilis-positive
samples 47 were HIV-positive, and of the 130
syphilis-negative samples 108 were HIV-positive.

Gc subtyping was performed by means of
isoelectric focusing on 1% agarose gel that con-
tained 6% ampholytes at pH 4.5 to 5.4; the anode
buffer was 0.05 M sulfuric acid and the cathode
buffer 1.0 M sodium hydroxide. The gels were
prefocused for 30 minutes at 1500 V, 30 W and 50
mA. Undiluted serum (15 ,ul) was added, and the
gels were focused for 3000 Vh. Sample wicks were
removed after 45 minutes, and 10% trichloroacetic
acid was used as a fixative for examining the Gc
bands; for verification the findings were compared
with those of immunofixation on cellulose acetate
strips saturated (1:5) with rabbit antihuman Gc
globulin and stained with 0.2% Coomassie blue.
Subtypes were scored independently by two inves-

tigators who were unaware of the clinical or
serologic proffle of the samples.

To preclude biologic false-positive results the
microhemagglutination assay for Treponema pal-
lidum antibodies (MHA-TP) was used for screen-
ing and the fluorescent treponemal antibody ab-
sorption test (FTA-ABS) for confirmation of a
syphilis serodiagnosis on all tested samples.

Results

The frequency distribution of Gc phenotypes
in the 1083 control samples did not differ from the
distribution in 4864 control samples, as cited in a
letter by Daiger and associates"1 (Table I); the latter
samples represented the weighted averages of 13
Caucasian populations. The phenotype frequencies
were in Hardy-Weinberg equilibrium, which pre-
dicts the constancy of genotype frequency from
generation to generation in a population; this
suggested that no selective pressures were in-
volved. No differences in geographic location or
age were detected.

There was no association between the fre-
quency distribution of Gc subtypes and HIV infec-
tion. Furthermore, the frequency distribution in all
of the HIV-positive samples did not differ from
that in the control samples (Table I).

The distribution of Gc subtypes in the HIV-
positive samples obtained from the Syphilis Serol-
ogy Proficiency Testing Laboratory clearly differed
from that in the other HIV-positive samples. Sub-
sequent analysis of all the samples for reactivity in
the MHA-TP and FTA-ABS tests revealed a strong
association between the distribution of Gc sub-
types and seropositivity for syphilis (Table I).

The lf/lf phenotype was 10 times more
frequent among people with syphilis than among
those without syphilis; it was 5 times more fre-
quent among those with syphilis than among the
general population. The Gc1f allele was twice as
frequent among people with syphilis as among

Table I - Frequencies of group-specific (Gc) protein and Gc alleles in serum samples from control subjects and
people with human immunodeficiency virus (HIV) infection, with or without syphilis

FreqUency

Samples

Control
European study"

(n 4864)
Present study

(n = 1083)
HIV-positive
(n- 155)

Syphilis*
Positive (n- 133)t
Negative (n = 130)t

Phenotype

2/2 2;1s 2/if 1s/1s Is/if 1f/If

Allele

Gc2 Gcl, Gc i

0.066 0.305 0.076 0.355 0.176 0.022 0.256 0.596 0.148

0.076 0.283 0.083 0.344 0.185 0.029 0.259 0.578 0.162

0.077 0.329 0.077 0.290 0.200 0.026 G.28 0.554 o.164

0.045 0.33" 0.090 0.203 0.218 0.113 0.259 0.483 0.270
0.069 0.377 0.085 0.338 0.1 15 0.015 0.294 0.578 0.114

*Homogeneity X2 for syphilis by phenotype = 19.347. p - 0.002. 5 degrees of freedom
tOf the syphilis-positive and syphilis-negative samples, 47 and 108 respectively were HIV-posit.v;:.
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those without syphilis. Neither population was in
Hardy-Weinberg equilibrium.

Discussion

People with the Gc1f allele appear to be at
greater risk for syphilis than those without this
allele. This association is similar to the association
that Eales and colleagues9 observed between differ-
ent Gc alleles and the susceptibility to and the
clinical manifestation of HIV infection. Because of
the large proportion of HIV-positive people who
are also seropositive for syphilis (more than 30%
in this study), concomitant syphilitic infection or
positive serologic results for syphilis might have
been a confounding factor in their study.

Whether the Gclf allele represents a genetic
marker for susceptibility to a viral or bacterial
infection remains unresolved and merits further
study. Mounting evidence is showing a statistically
significant association between seropositivity for
syphilis and for HIV, as demonstrated by the
association between T. pallidum serologic markers
and HIV infection.12
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