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Antibodies to solid phase C1q (C1qAb) were deter-
ined in 295 serum samples from 132 HIV-infected sub-

ects and in sera from 140 HIV-seronegative healthy in-
ividuals as control. An ELISA method applied for the
etermination of C1qAb in other diseases was used. In
art of these sera, other autoantibodies (antibodies re-
cting with 60-kDa human heat shock protein (hsp60) or
ycobacterial hsp65; IgA and IgG class antibodies

gainst the Fab and F(ab*)2 moieties of IgG) as well as
omplement-mediated antibody-dependent enhance-
ent/neutralization (C*-ADE) were also determined. In-

reased amount of C1qAb was found in HIV-infected
ubjects as compared with HIV-seronegative controls
P 5 0.0138). In 17 of 132 (13.0%) seropositive individuals
ut only in 7/140 (5.0%) samples from the controls, the
mount of C1qAb exceeded the upper limit (95th percen-
ile) of the normal values (P 5 0.031). The amount of
1qAb significantly decreased during a follow-up period
f 65 months. C1qAb levels were found to strongly cor-
elate to hsp60/65 autoantibodies but did not correlate
r only weakly correlated to the amount of anti-Fab or
nti-F(ab*)2 autoantibodies measured in the same serum
amples. Anti-C1q antibodies recognized the solid phase
sp60/65. Three predicted epitope regions of M. paratu-
erculosis hsp65 were able to bind efficiently C1q anti-
odies. An inverse correlation was found between
1qAb and C*-ADE, neutralization was more frequent in

he sera with detectable C1qAb, whereas sera without
1qAb more likely enhanced HIV infection in vitro.
1999 Academic Press

Key Words: anti-C1q antibodies; anti-hsp60 anti-
odies; cross-reaction; HIV-infection; hsp60; gp120;
pitope analysis; complement-dependent enhancement/
eutralization.

INTRODUCTION

Antibodies to C1q (C1qAb), a subcomponent of the

rst component of complement frequently occur in dif- b

247
erent autoimmune diseases like systemic lupus ery-
hematosus (1, 2), rheumatoid vasculitis (3), mem-
ranoproliferative glomeluronephritis (4), and hypo-
omplementemic urticarial vasculitis syndrome (5).
1qAb belonging to both IgG and IgA classes have
een described (2, 3). Comparison of age-distribution of
1qAb in general population and in SLE patients sug-
ests a role of these autoantibodies in the pathogenesis
f the disease (6). The presence and high amount of
1qAb are associated with lupus nephritis (7), a rise in

he titer of these autoantibodies predicts the develop-
ent of renal involvement and relapses in SLE (7, 8).
Several types of interactions between C1q and the

uman immunodeficiency virus (HIV) and its recombi-
ant proteins have been described. Physically purified
IV-1 virions and recombinant transmembrane glyco-
rotein gp41 bind purified C1q and activate comple-
ent (9, 10). Thielens et al. (11) further characterized

he C1q–gp41 interactions. They demonstrated that
1q binding to gp41 is dose-dependent, saturable, and
omparable with the C1q fixation to the immune com-
lexes. In C1q, the gp41 binding site appears to be at
he junction between the collagen-like stem and glob-
lar heads (11). In the gp41, the main C1q-binding site

s located within the immunodominant domain (HIV-
nv 590–620) (9), but two additional C1q binding sites
xist in the extracellular region of the HIV protein (12).
he C1q binding and activation can markedly be in-
reased by anti-gp41 antibodies (10).
Activation of the macromolecular C1 by the HIV-1

articles and binding of C1q to these particles may
esult in the development of C1q-coated virions that
ay facilitate the formation of C1qAb. This possibility
as strongly supported by the observations of Stoiber

t al. (12) on the functional and structural similarities
f C1q and gp120, the external glycoprotein of HIV-1.
he two proteins were found to compete for the same

inding sites on gp41 (12). In addition, rabbit antibod-

1521-6616/99 $30.00
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248 PROHÁSZKA ET AL.
es to human C1q recognized gp120 and rabbit anti-
odies to gp120 cross-reacted with C1q (12). Based on
hese results, Stoiber et al. (12) postulated the possi-
ility of development of C1qAb in HIV infection and
ound nine sera from HIV-infected subjects to aggluti-
ate erythrocytes coated with antibody and C1q
EAC1q). Metlas et al. (13) found a sequence similarity
etween V3 loop of gp120 of an HIV-1 isolate and
ollagen-like region of C1q, and also raised the possi-
ility of formation of C1qAb in AIDS. They found an-
ibodies from sera of AIDS patients purified on a V3
ffinity column to bind C1q molecules as well.
In spite of these indirect evidences for the potential

evelopment of C1qAb in HIV-infection, to our best
nowledge no systemic titration of C1qAb in the sera of
IV-infected subjects has been reported.
In the present study we have determined the amount

f C1qAb in sera of 132 HIV-infected individuals and
s control, in 140 HIV-seronegative healthy subjects.
s an extension of our previous studies (14, 15) we
ave measured autoantibodies against 60-kDa family
eat shock proteins (hsp) and to Fab and F(ab9)2 moi-
ties of human IgG in a subset of sera tested for C1qAb.
ecently we have found that human monoclonal anti-
p41 antibodies can markedly enhance HIV infection
n the presence of purified C1q (16). Therefore we have
tudied whether the presence of C1qAb affect comple-
ent-mediated antibody-dependent enhancement/
eutralization (C9-ADE), which in our previous studies

17–19) was found to strongly correlate with immuno-
uppression and disease in HIV patients.

MATERIALS AND METHODS

atients and Serum Samples

Three different series of measurements were per-
ormed: (i) Serum samples were taken from 132 HIV-
eropositive patients who were enrolled in the study
fter informed consent. Clinical data and CD41 cell
ounts were registered at each visit of the patients.
hirty-six, 33, 32, and 31 patients were in CDC stage
I, III, IVa, or IVc stage of HIV disease, respectively.
evels of C1qAb were assessed in 132/132 sera, anti-
odies against hsp65 were determined in 120/132 sera,
hile anti-hsp60 autoantibodies and autoantibodies to
ab and F(ab9)2 fragments of human IgG were mea-
ured in 72/132 patients. One-hundred and forty serum
amples from age- and gender-matched healthy sub-
ects were applied as controls. (ii) Forty-nine of 132
atients were followed up for 13 (range 11–41) months
or studying the changes in the C1qAb in parallel to the
D41 cell counts. Two serum samples, one taken at

he beginning and a second one taken approximately 1
ear later were enrolled from each patient. (iii) In order

o investigate the effect of the presence of C1qAb on the (
ourse of the HIV disease, 27 patients were longitudi-
ally followed-up for 65 (range: 15–75) months. In a
ubset of these longitudinally tested patients viral load
nd complement-mediated antibody-dependent HIV-
nfection enhancement were also determined.

ntibodies, Heat-Shock Proteins, Purified C1q

Cross-reaction between 60/65-kDa heat-shock pro-
eins and C1q were studied by using goat anti-human
1q antibodies (IgG) (Incstar Corp., Stillwater, MN).
s control goat IgG-type antibodies against C1-inhibi-

or and C4b (Incstar Corp., Stillwater, MN) were used.
he recombinant heat-shock protein 65 preparation

M. bovis BCG 65K, batch MA14) was kindly provided
y Dr. M. Singh (GBF, Braunschweig, Germany, sup-
orted by the UNDP/World Bank/WHO Special pro-
ramme for Research and Training in Tropical Dis-
ases (TDR)). Human recombinant hsp60 (SPP-740)
as purchased from StressGen (Victoria, Canada). C1q
as purified as described by Arlaud et al. (20).

easurement of C1qAb

C1qAb levels were measured as described by Siegert
t al. (3). Briefly, 100 ml/well of C1q (2 mg) in coating
uffer (0.1 M Na2CO3, pH 9.6) were incubated in a
6-well microtiter plates (Titertek, Zwanenburg, The
etherlands) for 2 h at 37°C. After three washes with
hosphate-buffered saline (PBS) containing 0.05%
ween (PBS-Tween), serum samples diluted 1/25 in
BS-Tween with 1% newborn calf serum (NBCS) and 1

NaCl were incubated in duplicate for 1 h at 37°C.
fter three more washes bound IgG was detected with
ouse monoclonal anti-human IgG using the biotin-

treptavidine enhancement system. After three
ashes o-phenylene-diamine (Sigma Chemical Co., St.
ouis, MO) and H2O2 were added and 30 min later the
eaction was terminated by addition of 25 ml H2SO4 per
ell. Absorbance at l 5 492 nm was measured on a

pectrophotometer (Titertek, Zwanenburg, The Neth-
rlands). IgG anti-C1qAb were expressed as units/ml
U/ml) related to a standard serum.

easurement of HIV-1 RNA Levels in the Plasma
Samples of the Patients

The HIV-1 RNA quantification was performed by
sing the AMPLICOR monitor test (Roche, Basel,
witzerland) according to the manufacturer’s instruc-
ions. Briefly, 200 ml plasma was lysed by GuSCN
olution and a quantification standard was added.
NA was precipitated by isopropanol, washed, and
issolved in 400 ml specimen diluent. Fifty microliters

equivalent to 25 ml plasma) was reverse transcribed
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249C1q AND hsp60 ANTIBODIES IN HIV INFECTION
nd amplified using the rTth thermostable polymerase
ith the biotinylated SK 462/431 primers (21). The
mplified products from the HIV target RNA and the
uantification standard were measured using an avi-
in/HRP ELISA type colorimetric reaction in microwell
lates coated with HIV-specific probe and quantifica-
ion standard specific probes in different wells. The
evel of HIV-1 RNA in the plasma samples of patients
as estimated by linear extrapolation using the value
f the quantification standard RNA and assuming that
he standard curve intercepted at the origin. The AM-
LICOR monitor test has a detection limit of 200 cop-

es HIV-1 RNA per milliliter (21).

nzyme-Linked Immunosorbent-Assay (ELISA)
for the Detection of Anti-hsp60/65 Antibodies
and Goat Anti-C1q Antibodies

Anti-hsp60/65 levels were measured as described be-
ore (14). Briefly, ELISA plates (Greiner, Germany)
ere coated with 0.1 mg/well recombinant human
sp60 or recombinant M. bovis hsp65. After washing
nd blocking (PBS, 0.5% gelatine), wells were incu-
ated with 100 ml of serum samples diluted 1:500 in
BS 0.5% gelatine and 0.05% Tween 20. Binding of
nti-hsp antibodies was determined using g-chain spe-
ific anti-human IgG peroxidase labeled antibodies
Sigma) and o-phenylene-diamine (Sigma) detection
ystem. The optical density was measured at l 5 490
m (reference at l 5 620 nm) and means of duplicate
ells were calculated. The amounts of anti-hsp60/65
ntibodies were expressed as arbitrary units/ml (U/ml)
elated to a standard serum (StressGen SPA804, rab-
it serum against hsp60). The same ELISA system was
pplied to assess binding of IgG-type goat anti-C1q
ntibodies and as control anti-C1-inhibitor and anti-
4b antibodies to recombinant hsp60 and hsp65.
lates were incubated with serially diluted goat anti-
omplement antibodies instead of patient’s sera, and
he amount of plate-bound antibodies was detected by
abbit anti-goat IgG antibodies (Incstar Corp., Stillwa-
er, MN). The control experiment using anti-rabbit IgG
olyclonal antibodies (Sigma, St. Louis, MO) and rab-
it serum as source of IgG was carried out as described
bove.

easurement of IgG and IgA Autoantibodies
to Fab and F(ab9)2

Anti-Fab and anti-F(ab9)2 autoantibodies of the IgG
nd IgA isotypes were determined in specific ELISA
ssay as described previously (15).

rediction of Secondary Structure

Chou-Fasman analysis (22) was applied on the

sp65 sequence of Mycobacterium paratuberculosis to t
redict the potentially antigenic b-turn sites. We have
sed the procedure and values of Prevelige and Fas-
an (23). Also tetrapeptide sequences were studied for

heir ability to form b-turn structure based on the
robability of each amino acid to accept the first, sec-
nd, third, or fourth position of b-turns (24). Tetrapep-
ide sequences with calculated product of the probabil-
ty numbers for the amino acids higher than 7.5.1025

ere considered as predicted b-turn sites (24).

ynthesis of Peptides on the Tips of Polyethylene Pins

To encompass the predicted epitopes of hsp65, 46
ecamer peptides with an overlap of 5 amino acids
ere synthesized using Fmocb-alanine-glycine ester
erivatized pins obtained from Chiron Technologies
Australia). The Fmoc protecting groups were removed
ith 20% piperidine in DMF (v/v) for 20 min. The side

hains were protected. As side chain protecting groups
f the trifunctional amino acids tert-butyl for Ser, Thr
nd Tyr, trityl for His and Gln, tert-butyloxi for Asp
nd Glu, acetamidomethyl for Cys, and 2,2,5,7,8-pen-
amethylchromane-6-sulphonyl for Arg were applied.
oupling was performed with 1-hydroxy-benzotriazole/
iisopropyl-carbodiimide method in DMF. After the fi-
al coupling cycle the Fmoc protecting group was re-
oved and the N-terminus of the peptides was

cylated using Ac2O-DIEA-DMF 5:1.50 (v/v/v) for 90
in. The side chain protection groups were cleaved

rom the peptides with TFA containing 2.5% ethane-
ithiol and 2.5% anisole. The peptides were pre-
ared in duplicates. As nonrelated, negative control
LAQGGGGGG peptide was also synthesized.

nzyme-Linked Immunosorbent-Assay for Epitope
Scanning of C1q Antibodies

Antibody binding to the hsp65 peptides immobilized
n polyethylene pins was detected by using a modified
LISA. After blocking (PBS, 0.5% gelatine) pins were

ncubated with 150 ml of 1:500 diluted antibodies in
BS 0.5% gelatine and 0.05% Tween 20 for 1 h in room
emperature. Binding of anti-C1q antibodies was de-
ermined using anti-goat IgG peroxidase-labeled anti-
odies (Incstar Corp., Stillwater, MN) and o-phe-
ylene-diamine (Sigma) detection system. The optical
ensity was measured at l 5 490 nm (reference at l 5
20 nm) and means of duplicate wells were calculated.
o assess specificity of binding of anti-C1q antibodies
o the hsp65 peptides, the antibody was preincubated
ith 30 mg/ml purified C1q for 1 h at 37°C and there-
fter used as described above. Pins were used repeat-
dly after thorough cleaning by sonification in disrup-

ion buffer (PBS, 1% SDS, 0.1% 2-mercapto-ethanol).
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250 PROHÁSZKA ET AL.
easurement of HIV Enhancement/Neutralization
in the Presence of Complement

The neutralizing/enhancing effect of the serum sam-
les in the presence of active human complement was
ssessed as described previously (17, 19). Briefly, MT-4
arget cells were infected wit HIV-1IIIB in the presence
f 1:64 dilution of heat-treated sera to be tested and 1:4
nal dilution of pooled fresh normal human serum
NHS) as complement source. RT-activity was mea-
ured in the culture supernatants. The results were
xpressed by an index value (CO E/N I) calculated by
ividing the peak c.p.m. valued measured in the pres-
nce of the tested serum 1 NHS by the c.p.m. value
easured in the control sample (HIV only). Index

alue of ,0.5 was considered as neutralization, .2 as
nhancement.

tatistical Analysis

Differences between the means of different groups
ere calculated by the one-sample t test, by the two-

ample t-test with Welch’s correction, by the nonpara-
etric Mann–Whitney test, and by the nonparametric
ilcoxon signed rank test. Correlations were calcu-

ated by the nonparametric Spearman method, differ-
ncies among the frequency of parameters in the
roups were assessed by the Fisher’s exact test using
he GraphPad Prism 2.0 software (San Diego, CA;
ww.graphpad.com; Serial No. GPA 21889-988).

RESULTS

mount of Antibodies to C1q in the Sera of HIV-
Seropositive and -Seronegative Subjects

Serum samples from 132 HIV-infected persons and
rom 140 HIV-seronegative healthy subjects were
ested for C1qAb. The results of the titration performed
ith an ELISA were expressed in arbitrary units (U/
l) related to a standard serum (Fig. 1). Marked dif-

erences were observed between the two groups. Sera
rom the HIV-infected subjects contained C1qAb at
ignificantly (P 5 0.0138, two-sample t test with Welch
orrection) higher levels (0; 0–713 U/ml, median;
ange) than those from the HIV-seronegative control
ubjects (0; 0–233 U/ml). Since C1qAb could not be
etected in the majority (124/140) of HIV-seronegative
ndividuals, the 95th percentile of data (80.5 U/ml) was
aken as the upper limit of normal values. The
mounts of C1qAb exceeded this limit in 17/132 (13%)
f the HIV-seropositive subjects but only in 7/140
5.0%) of the HIV-seronegative individuals (P 5 0.031;

dd’s ratio, 2.81 (1.13–7.01, Fisher’s exact test)). p
hanges in the C1qAb Titers at Longitudinal
Investigation of HIV-Infected Subjects

C1qAbs measured in the first and last samples ob-
ained in a longitudinal investigation lasting for 65
onths (median value) in 27 HIV-infected subjects
ere compared. The amount of C1qAb was signifi-

antly (P 5 0.0342 Wilcoxon test) lower in the last
erum samples (0; 0–614) as compared to those mea-
ured in the first samples (0; 0–2502) obtained during
he follow-up period. Seven patients exhibited an ele-
ated level of C1qAbs; C1qAbs were detectable in 15/27
atients at the beginning of the observation period.
D41 cell counts of the 27 patients declined from
09 6 235 cells/ml to 242 6 179 during the observation
eriod, 10 patients remained untreated, 6 patients
ere treated with zidovudine monotherapy, 3 patients
ith ddl or ddC therapy, 8 patients received combina-

ion therapy (4 zdv/3TC, 4 zdv/ddC).

ack of Correlation between C1qAbs and Clinical
Course of HIV Disease

No significant difference in the occurrence of C1qAbs
as found between the patients with CDC stage II

11/36, 30.5%), stage III (4/33, 12.1%), stage IVa (6/32,
8.8%), or stage IV c (5/31, 16.1%) HIV disease. Al-
hough there was a tendency (P 5 0.083, Fisher’s exact
est) of the C1qAb to occur more frequently in the
symptomatic (CDC II) stage as compared to the symp-
omatic (CDC III, IVa, and IVc) stages. In 49 patients,
wo samples were taken at 13 (11–41) month intervals
nd tested for the presence of C1qAb. Sera of 12 pa-
ients contained C1qAb (Group A), while those from 37

FIG. 1. C1qAb measured in the sera of HIV-seronegative persons
n 5 140) and of HIV-infected individuals (n 5 132). The difference
etween the two groups is statistically significant (P 5 0.0138) as
alculated by the two-sample t-test with Welch correction. Each
oint represents mean U/ml value of parallel measurements.
atients did not contain C1qAb (Group B). Progression
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251C1q AND hsp60 ANTIBODIES IN HIV INFECTION
rom stage II to stage III or from stage III to stage IV
as observed in 5/12 (41.6%) and 11/37 (29.7%) pa-

ients of Group A and B, respectively (Fisher’s exact
est: P 5 0.48). In 38 patients, CD41 cell counts were
etermined at the time of both blood samples, which
llowed study of the predictive value of the C1qAb
easurement. During the 13-month follow-up period
D41 cell counts decreased by 122.8 6 73.5 and
04.3 6 38.0 cells/ml in patients of Group A and B,
espectively (P 5 0.945).
Similarly, the presence of C1qAb did not predict the

xtent of the CD41 cell decline in the 27 patients
ongitudinally tested for 65 months. In the 15/27 pa-
ients with detectable C1qAb at the beginning of the
ollow-up a CD41 cell decline of 133.5 6 47.1 cells/ml,
hile 12/27 patients without C1qAb a CD41 cell de-

line of 185.2 6 98.9 cells/ml were registered. The dif-
erence between the two groups was not significant. In
2 of 27 patients, the concentration of HIV-1 RNA was
lso determined in plasma samples obtained at the
eginning and at the end of the observation period. No
ignificant correlation between C1qAb and the viral
oad was found. In samples with (n 5 12) and without
n 5 12) C1qAb plasma HIV-1 RNA concentration of
4040 6 8064 and 16320 6 7642 copies/ml were mea-
ured: the difference was not significant.

TAB
Autoantibodies to Fab and F(ab9)2 Fragments of H

with or without Autoantibodies to C1

IgG a-Fab

C1qAb absent (n 5 61) 307 6 31
C1qAb present (n 5 11) 471 6 109
P values (Mann–Whitney test) 0.064

FIG. 2. Amount of anti-hsp60 (A) and anti-hsp65 (B) antibodies
n sera with or without C1q antibodies. The difference between the
wo columns is significant in both cases: (A) P 5 0.013, (B) P 5 0.036,
wo-sample t test with Welch’s correction. Box and whiskers diagram
howing min., max., 25th–75th percentile and median values.
Note. n.s., not significant.
elationship of the C1qAb Titers to the Amounts
of Other Autoantibodies

In 120/132 serum samples, titers of antibodies
gainst mycobacterial hsp65 and, in 72/132 samples,
iters of autoantibodies against human hsp60 as well
s IgA and IgG class anti-Fab and anti-F(ab9)2 anti-
odies were determined. The amounts of the hsp60/65
pecific and other autoantibodies in the sera with and
ithout C1Ab were compared to each other (Fig. 2;
able 1). In the case of hsp60-specific antibodies the
ifference was significant (P 5 0.013): 11 serum sam-
les with C1qAb contained 357 (100–1109, median,
ange) units/ml while the 61 serum samples without
1qAb contained 119 (66–398) U/ml anti-hsp60 anti-
odies (Fig. 2A). The amount of anti-hasp65 antibodies
as also significantly (P 5 0.036) higher in the 18 sera
ith C1qAb (28; 13–124 units/ml) than in the 102 sera
ith no C1qAb (17; 10–74 units/ml) (Fig. 2B). A strong
ositive correlation (Spearman correlation coefficient
5 0.460, P , 0.0001) was observed between the

1qAb- and the hsp60-specific antibodies, and to a
esser extent (r 5 0.272), P 5 0.0023) between C1qAb-
nd hsp65-specific antibodies.
By contrast, no significant difference was found be-

ween sera with or without C1qAb in the amounts of
utoantibodies against Fab or F(ab9)2 fragments of IgG
Table 1).

inding of anti-C1q Antibodies to 60-kDa Heat Shock
Proteins

Since a highly significant positive correlation be-
ween C1qAb and anti-hsp60/65 antibodies was ob-
erved in the HIV-infected patients we found it of in-
erest to test whether C1qAb cross-react with hsp60 or
sp65. ELISA plates were coated with recombinant M.
ovis hsp65 or human recombinant hsp60 and different
ilutions of goat antisera (IgG fractions) against C1q or
gainst C1-inhibitor and C4b (as control) were added
Fig. 3). Anti-human C1q antibodies were found to bind
o the plates coated with human hsp60 (Fig. 3A) and M.
ovis hsp65 in a dose-dependent manner (Fig. 3B).
either anti-C1-inhibitor nor anti-C4b antibodies

1
an IgG in the Sera of 72 HIV-Infected Patients

(C1qAb) (Mean 6 SEM OD 3 1000)

IgG a-F(ab9)2 IgA a-Fab IgA a-F(ab9)2

813 6 50 278 6 38 538 6 72
878 6 158 262 6 44 586 6 204

n.s. n.s. n.s.
LE
um
q
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252 PROHÁSZKA ET AL.
ere found to bind to the solid phase heat shock pro-
eins.

pitope Scanning of the Binding Site(s) for C1qAb
on hsp65

Next, we have studied the binding of goat anti-C1q
ntibody to overlapping synthetic peptides immobi-

FIG. 4. Scanning of hsp65 protein from M. paratuberculosis for
nti-C1q antibody were located in 271–300 (A), 331–360 (B), and in 45
eptides, corrected with control OD values. ■ indicates no preincuba

FIG. 3. Binding of goat anti-complement factor antibodies to
olid phase human hsp60 (A) and M. bovis hsp65 (B). Control means
ncoated plate. Each point represents mean 6 SD value of two
arallel measurements. The experiment was repeated three times
ith similar results.
xperiment was repeated three times with similar results.
ized on polyethylene pins, corresponding to nine dif-
erent predicted epitope regions of M. paratuberculosis
sp65. O.D. values exceeding cut-off (2 3 O.D. of the
onrelated negative control peptide) were considered
s significant binding. The anti-C1q antibody bound to
hree of nine predicted epitope regions of the hsp65
AA271–300, AA331–360, and AA451–475) (Fig. 4).
reincubation of the antiserum against C1q with pu-
ified human C1q fully abrogated the binding of C1q
ntibodies to all of the three epitopes of hsp65 (Fig. 4).
ince C1q did not eliminated reactivity of a different
ntibody (anti-rabbit IgG) with an unrelated antigen
rabbit IgG, Fig. 5.) the inhibition seems to be specific.
ased on these binding data three epitopes were lo-
ated with AA 276–290, 341–355, and 456–475.

orrelation of the Autoantibodies Measured in the
HIV Patients to the Complement-Dependent
HIV-1 Enhancing Antibodies

C1qAb and other autoantibodies were measured in
liquots of sera which were previously tested for HIV-1
nfection enhancement/neturalization in the presence
f complement (C9-ADE). The extent of HIV-infection
nhancement/neutralization (expressed by the CO
/NI index value, for details see Materials and Meth-
ds) was found to negatively correlate to the amounts
f both C1qAb (Spearman correlation, r 5 20.274, P 5
.021) and anti-hsp60 antibodies (Spearman correla-
ion, r 5 20.309, P 5 0.0076). By contrast, the same
ndex value positively correlated to the anti-Fab auto-
ntibodies (e.g., r 5 0.449, P , 0.0001, r 5 0.393, P ,
.0001 for the IgA and IgG class anti-F(ab9)2 antibod-
es, respectively). Since this significant negative corre-
ations do not necessarily give any sense of biological
elevance we tested if the sera with or without C1qAb
r above or below median level of hsp60/65-specific
ntibodies are more likely neutralizing or enhancing,

e binding sites to antibodies against human C1q. Binding sites for
475 (C) regions. Bars represent mean 6 SD OD values of overlapping
, h indicates competition of antibody binding by 10 mg/ml C1q. The
th
1–
tion
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espectively. As shown in Table 2, complement-depen-
ent infection enhancement was observed less fre-
uently while neutralization measured in the presence
f complement occurred more frequently in the sera
ith C1qAb as compared to those without C1qAb. Sim-

lar findings were obtained in the case of anti-hsp60/65
utoantibodies (Table 2).

DISCUSSION

The amount of C1qAb was found to be significantly
igher in the sera of the 132 HIV-infected individuals
s compared to the 140 HIV-seronegative control sub-
ects. Since 88% of the sera in the later group did not
ontain measurable C1qAb and the data did not exhibit
Gaussian distribution the 95th percentile of the data

80.5 U/ml) was considered as the upper limit of normal
alues. This value is very close to the mean 1 2SD
85.73) U/ml) of the C1qAb measured in the 140
ealthy control subjects in the present study or to the
pper limit (mean 1 2SD) of normal values (90 U/ml) of

TAB
Frequency of Neutralization (CO E/N Index ,

with or without C1q Antibodies and with H

Group
Neutralization
CO E/NI ,0.5

C1qAb 0 8
.0 14

anti-hsp60 ,Median 15
.Median 18

anti-hsp65 ,Median 15
.Median 18

FIG. 5. Lack of inhibition of anti-rabbit IgG antibody binding to
abbit IgG after preincubation with 10 mg/ml C1q. Rabbit IgG was
ncubated with anti-rabbit IgG antibodies after preincubation with
1q (■) or with control PBS (h). Values represent mean and SEM of

our parallel measurements.
1qAb calculated on the basis of a previous study (8).
era of 13% of the HIV patients but only 5% of those

rom the HIV seronegative controls contained C1qAb
n titers exceeding the upper limit of the normal values.

Presence of antibodies reacting with the solid phase
1q can be the consequence of a cross-reaction between
ntibodies to an HIV protein with C1q or the develop-
ent of autoantibodies to the complement protein.
Of the specific antibodies against different HIV-1

roteins most probably anti-gp120 antibodies can react
ith solid phase bound C1q. Stoiber et al. (12) also
emonstrated that antibodies isolated on a C1q-affin-
ty column from HIV patient’s sera reacted not only
ith C1q but also with HIV-1 gp120. Similar results
ere reported by Metlas et al. (13). Therefore it can be
ssumed that due to the homologies between the two
roteins (12), anti-gp120 reacted with solid phase C1q
n our system. Some observations of the present study,
owever, are difficult to reconcile with this assump-
ion. Antibodies against gp120 can be detected in the
era of most HIV-infected persons (25) and titers are
ather constant and decline only at the very advanced
tage of HIV disease (25–28). By contrast, we did not
nd detectable C1qAb in almost 80% of all patients
ested or in 70% of the 36 patients in the early (CDC
tage II) stage of HIV disease, although anti-gp120
ntibodies are expected to be present in high amounts
n this stage. It should be noted that we cannot exclude
hat cross-reactive anti-gp120 antibodies are not de-
ected by the C1qAb assay. However, it seems more
robable, that autoantibodies to C1q in HIV infection
re similar to those that develop in other diseases
1–4). HIV virion can activate C1 (9), interaction of the
irion with anti-gp120 and atni-gp41 antibodies can
ead to release of gp120. Consequently more C1q bind-
ng sites are available that might enhance C1 activa-
ion. In addition, C1q may bind to gp41 expressed on
IV-1-infected cells (29). Exposure of free C1q to the

mmune system may facilitate C1qAb formation.
learly further experiments are needed to clarify the
echanism of C1qAb development in HIV infection.

2
) or Enhancement (CO E/N Index .2) in Sera
or Low Levels of Anti-hsp60/65 Antibodies

Enhancement
CO E/NI .2

Fisher’s exact test P,
odd’s ratio (CI)

13 0.0406, 3.79 (1.03–13.92)
6

18 0.032, 3.6 (1.139–11.376)
6

18 0.032, 3.6 (1.139–11.376)
6

LE
0.5
igh
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Nothing is known about the significance of C1qAb
nd their possible influence on the progression of HIV
isease. One of us (C.S.) with others described two
lasses of autoantibodies (and other molecules) in HIV
nfection (30). One class of these antibodies such as
ntibodies against the Fab and F(ab9)2 moieties of hu-
an IgG molecules seems to be strongly associated
ith the progression of HIV disease (15, 31). Our pre-
ious (31) and present studies suggest that these anti-
odies correlate positively with the complement-depen-
ent HIV-1 enhancing antibodies which, in turn, were
ound to be associated with a rapid progression of HIV
isease (18, 19). C1qAb, however, did not correlate to
he Fab and F(ab9)2 antibodies and the presence of
1qAb did not predict the rate of decline of CD41 cell

ounts or the progression of HIV disease to a subse-
uent stage. Consequently it is likely that C1qAb does
ot belong to the autoantibodies associated with the
rogression of HIV disease.
The second class of autoantibodies (30) that develop

n HIV infection like anti-anti-gp120 antibodies are
ominant in the early phase of HIV disease and their
iters decrease with the progression. In the present
tudy, the amount of C1qAb significantly decreased
uring a 65-month follow-up period of the patients. In
ddition C1qAb tended to occur more frequently in the
atients in early (CDC stage II) as compared to those in
he late (CDC stage III or IV) stage of HIV disease.
reviously (14), we have found similar changes with
ntibody to hsp60 and its amount was also found to
egatively correlate to the titers of complement-depen-
ent HIV-1 enhancing antibodies. In addition, the
mount of C1qAb and anti-hsp60 antibodies correlated
trongly. Therefore it seems probable that both the
1qAb and anti-hsp60 antibodies belong to the class II
f the autoantibodies and other molecules described by
üsal et al. (30). These compounds might have a pro-
ective effect or at least capability to inhibit the pro-
ression-facilitating effect of class I autoantibodies. Re-
ently (16) we have described a new type of HIV
nfection enhancement route. This was found to be
ependent exclusively on the presence of antibodies
nd C1q. It is tempting to speculate that anti-C1q
ntibodies can abrogate this type of enhancement and
nhibit in this way the disease progression-facilitating
ffect of C-ADE (18, 19).
Maybe the most surprising finding of the present

tudy is the real cross-reaction of the goat anti-human
1q antibodies with the solid phase bound 60-kDa heat
hock protein. We used overlapping peptides to deter-
ine binding sites in the hsp65 protein. As shown on
ig. 4, three of nine predicted epitope domains were
ecognized as specific binding epitopes for goat anti-
uman C1q antibodies. The binding was specific since

t could be inhibited by purified C1q. We have analyzed

he binding of anti-hsp autoantibodies present in IVIG
intravenous IgG) preparations prepared from plasma
f several thousand blood donors and in HIVIG (IgG
reparation prepared from sera of several hundred of
symptomatic HIV infected persons) to the same pre-
icted epitope regions of hsp65. Interestingly enough,
VIG and HIVIG recognized the same three (AA271–
00, AA331–360, AA451–475) epitope regions, but in
ddition a strong binding to five other epitope regions
as also observed (Prohászka et al., manuscript in
reparation). This finding indicates that anti-hsp60
ntibodies can be distinct of C1qAb. Experiments aim-
ng the further study of the relationship between C1q
nd anti-hsp60 autoantibodies are in progress in our
aboratories.

ACKNOWLEDGMENTS

We thank all subjects who participated in the study. This work
as supported by the PECO’94 grant to the European Union Con-

erted Action “Development and Evaluation of Immunological and
irological Progression Markers to be Used for Monitoring of Ther-
py of HIV Infection”; by the 1/95, C4/96, and 204/1997 grants of the
ungarian National AIDS Committee and by the FKFP 0101/1997

Ministry of Education) grant. We are indebted to Mrs. N. Verhagen,
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5. Süsal, C., Daniel, V., Doerr, C., Zimmerman, R., Huth-Kühne,
H., and Opelz, G., IgA-anti-Fab antibodies and disease progres-
sion in AIDS. Immunol. Letts. 36, 27–30, 1993.

6. Prohászka, Z., Nemes, J. Hidvégi, T., Tóth, F. D., Kerekes, K.,
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9. Prohászka, Z., Tóth, F. D., Bánhegyi, D., Ujhelyi, E., Kiss, J.,
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