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Abstract

The presence of anti-heat shock protein 60 (Hsp60) antibodies in healthy individuals and the association of these antibodies with diseases
such as arthritis and atherosclerosis are well documented. However, there is limited population-level data on interindividual variation in anti-
Hsp60 levels. We investigated the influence of early-life factors on IgG reactivity to human Hsp60 at age 18 years. A population-based prospec-
tive birth cohort study included 5914 births in the city of Pelotas, Brazil, in 1982. Early-life exposures were documented during home visits in
childhood. In 2000, 79% of all males in the cohort were traced. Sera from a systematic 20% sample (411 subjects) were analyzed. Anti-Hsp60
total IgG reactivity was determined by ELISA. Data were analyzed using analysis of variance and generalized linear models. Anti-Hsp60 re-
activity was lognormally distributed and showed a significant direct correlation with low birthweight (p = 0.039) and total duration of breast-
feeding (p = 0.018), of which only the latter remained significant after adjustment for potential confounders. Reactivity was not associated with
asthma, pneumonia, diarrhea, or early-life malnutrition. Mother—child immunological interactions, rather than infection/disease factors seem to
be associated with reactivity to Hsp60 later in life. This is in agreement with the hypothesis that maternal antibodies influence future antibody
profile.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Heat shock proteins (HSPs) are a family of phylogenetically
conserved proteins present in all cells of all living organisms,
performing various intracellular and systemic homeostatic
functions. They are so named because of their increased
expression in stress situations, including heat shock, oxidative
stress, ultraviolet radiation, and viral infection [1]. In addition
to their role in intracellular maintenance, heat shock proteins
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also seem to interact extensively with the immune system,
through both the innate and adaptive branches. This is espe-
cially the case for the 60 kDa member of this family, heat shock
protein 60 (Hsp60), which has been reported to be involved in
both triggering and helping downmodulate immune responses
[2]. Hsp60 is also part of the ‘immunological homunculus,’
postulated by Cohen and Young [3], which consists of a limited
set of self-antigens preferentially recognized by a regulatory
network of autoreactive T and B cells.

Naturally occurring autoantibodies to human Hsp60 are
found in most, if not all individuals [4], and seem to remain
at stable levels for long periods of time [5]. This is compatible
with the concept that antibody autoreactivity may contribute
to the maintenance of homeostasis [6]. On the other hand,
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increased levels of anti-Hsp60 antibodies have been reported
in a wide variety of diseases, from arthritis, diabetes, and ath-
erosclerosis to schizophrenia and noise-induced hearing loss
[7—11]. Whether elevated anti-Hsp60 levels are harmful per
se, or whether these represent a healthy response to stress
(including disease) is yet to be established.

Few studies investigate factors associated with the broad
inter-individual variation seen in anti-Hsp60 levels among
healthy subjects. Generally speaking, autoantibody repertoires
appear to be established very early in life and to remain essen-
tially constant until advanced age [12]. These so-called ‘natu-
ral autoantibodies’ (NAAbs) are present in all individuals in
the absence of known immunization, and their origin is still
a matter of debate [6]. Data from animal models suggests
that the transmission of antibodies from mother to offspring
via the placenta and breastfeeding may play an important
role in shaping these repertoires [13]. Although autoantibodies
to Hsp60 have not traditionally been studied by groups inves-
tigating NAAbs, the ubiquity and long-term stability of anti-
Hsp60 autoreactivity warrant its study in this context.

Epidemiological studies can help understand interindivid-
ual variability in autoantibody levels and their role in health
and disease. In the present study, we investigate the associa-
tion between early life events and total IgG reactivity to hu-
man Hsp60 at age 18 years. Our a priori hypothesis was that
maternal transmission of antibodies would affect anti-Hsp60
reactivity in adult life. This is, to our knowledge, the first study
of the influence of such early events on humoral autoreactivity
at a later age in humans.

2. Materials and methods

A population-based prospective birth cohort study included
5914 births in the city of Pelotas, Brazil, in 1982 [14]. Chil-
dren were weighed soon after delivery, and gestational age
was calculated based on the date of the last menstrual period.
Early life exposures were measured during home visits in
childhood. In 2000, 79% of all males in the cohort were
traced, and serum was obtained from all subjects. A 20% sys-
tematic sample was selected by numbering subjects by order
of birth and selecting all subjects whose records ended in 2
or 7. This procedure yielded a final sample size of 411 subjects
whose sera were analyzed.

Recombinant human Hsp60 was produced in E. coli bacte-
ria (gene provided by AC Camargo, Butantan Institute, Sao
Paulo, Brazil) and purified by Ni—histidine-tag affinity chro-
matography in our laboratory. Protein purity was >90%
(SDS-PAGE/densitometry) (Fig. 1A). A single band was pres-
ent upon Western blotting with an anti-human Hsp60 antibody
not crossreactive with Hsp60 from E. coli (SPA-806, Stressgen
Bioreagents, Canada) (Fig. 1B).

Total IgG reactivity was determined by enzyme-linked im-
munosorbent assay (ELISA). Plates were coated with 1.5 pg/
ml recombinant human Hsp60 and blocked with 0.25% gelatin
(Sigma—Aldrich, USA) and serum samples were added in
duplicate at 1/100 dilution. Antibodies were detected using
peroxidase-conjugated rabbit anti-human total IgG (BD
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Fig. 1. Purity of recombinant human Hsp60 preparation used for ELISA. (A)
SDS-PAGE followed by Coomassie blue staining. Purity was >90%. (B) West-
ern blotting with anti-human Hsp60. MW: molecular weight standard.

Pharmingen, USA) and H,O,/o-phenylene-diamine (Sigma—
Aldrich, USA) as a substrate. Absorbance (abs.) was read at
492 nm, and the mean abs. of wells without sample (blank)
was subtracted from the reactivity of samples in the same
plate. Results are expressed as abs. corrected for inter-plate
variation using the abs. of a positive control serum (abs. of
sample/abs. of control from same plate X mean abs. of con-
trols from all plates). We considered as ‘detectable’ any
abs. > 2 times the blank abs. in the same plate.

Several early-life exposures were investigated. Birthweight
was measured in 1982 using calibrated pediatric scales.
Monthly family income (sum of the wages of all family mem-
bers) and maternal education (years of schooling) were also re-
corded during the hospital interview. Total breastfeeding
duration in months was collected during the 1983, 1984 and
1986 follow-up visits; the earliest available information on
full weaning was used in order to minimize recall bias. Infor-
mation on environmental variables was collected in 1984:
crowding (persons per bedroom), source of water (piped inside
the home or other), type of sanitation (flush toilet or other), and
housing materials (bricks, wood or improvised materials). In
the 1984 visit, parents were asked about whether the child
had ever been hospitalized due to diarrhea or to pneumonia;
history of asthma or bronchitis episodes was also collected
based on parental report. Nutritional status was assessed at
the age of four years; height was measured with locally made
stadiometers; height for age was assessed using the NCHS ref-
erence [15] and stunting was defined as a value below —2 z-
scores below the median.
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In the year 2000 interview, information was collected on
daily smoking, self-reported wheezing in the past year, and
skin color (white, black, mixed, or other); the latter was also
self-referred, but showed a high level of agreement with skin
color assessed by the interviewer (kappa = 0.83). Anthropo-
metric examinations included standing height measured using
a CMS (London, UK) stadiometer, and weight measured with
an electronic Tanita Body Fat Analyzer scale (model TBF-
305; Tokyo, Japan). All subjects were measured by the same
examiner. The subject’s body mass index (BMI) was deter-
mined by dividing weight (kg) by the square of height (m).
Subjects with BMI between 25 and 29.9 were considered as
overweight; those with BMI > 30 were considered as obese.

Data were analyzed using Pearson correlation coefficients,
analysis of variance, and generalized linear models, to allow
adjustment for socioeconomic variables. All of the above de-
scribed variables were considered as potential confounders
of the association between the exposure variables (birthweight
and breastfeeding) and anti-Hsp60 reactivity; those associated
(with a p < 0.20) both with exposure and outcome were in-
cluded as confounding variables in the multivariable analyses
[16]. Variables that reflect exposures or conditions arising after
birthweight and breastfeeding duration had been established
(such as childhood illnesses and adult characteristics, e.g.
smoking and body mass index) were not considered as con-
founders but as potential mediating factors in the associations
between reactivity to Hsp60 and either birthweight or breast-
feeding [17].

The study was approved by the Federal University of
Pelotas Medical Research Committee and written informed
consent was obtained.

3. Results

Anti-Hsp60 reactivity was log-normally distributed (geo-
metric mean 0.544; range 0.034, 2.597) (Fig. 2A), and was de-
tectable in all but two subjects. There was a monotonic
increase in mean reactivity according to categories of birth-
weight (p =0.15) and duration of breastfeeding (p = 0.035)
(Table 1; Fig. 2B). There were also significant direct correla-
tions between reactivity and both birthweight in grams (g)
(r=0.103; p=0.039) and total duration of breastfeeding in
months (r=0.119; p =0.018) (Table. 1).

Table 2 shows that the association between family income
at birth and anti-Hsp60 reactivity had a p-value of 0.07, al-
though there was no clear dose-response trend. There was no
association between reactivity and either maternal schooling,
skin color, or any other socioeconomic or environmental vari-
ables (Tables 2 and 3).

We sought associations between reactivity to Hsp60 and sev-
eral indicators of disease collected in early life, including his-
tory of asthma, pneumonia and diarrhea hospital admissions,
and presence of childhood malnutrition. None of these associa-
tions approached statistical significance (Table 4). Also, no as-
sociations were found with current overweight, obesity, daily
smoking, or wheezing in the previous year (data not shown).
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Fig. 2. (A) Frequency distribution of cases according to IgG reactivity to hu-
man Hsp60. The solid line represents a lognormal distribution. (B) Mean IgG
reactivity to human Hsp60 according to categories of birthweight (in grams)
and duration of total breastfeeding (in months). The leftmost bar in each group
represents mean reactivity in the entire sample.
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Table 1
Mean (95% CI) IgG reactivity to human Hsp60 according to birthweight and
duration of total breastfeeding. Pelotas, Brazil, 2000

Table 2
Mean (95% CI) IgG reactivity to human Hsp60 according to socioeconomic
variables. Pelotas, Brazil, 2000

Mean absorbance 95% CI N

Birthweight (grams)*

<2500 0.464 0.352 0.611 24
2500—2999 0.525 0.463 0.595 86
3000—3499 0.542 0.493 0.596 159
3500—3999 0.564 0.492 0.645 105
>4000 0.581 0.458 0.737 32
Total 406
Total breastfeeding duration (months)°®

<1 0.500 0.443 0.565 100
1-2.9 0.529 0.469 0.596 106
3-59 0.551 0.480 0.632 88
6—11.9 0.591 0.493 0.709 46
>12 0.610 0.515 0.722 54
Total 394

# ANOVA for linear trend p =0.152; Pearson correlation coefficient with
continuous variable = 0.103; p = 0.039.

> ANOVA for linear trend p =0.035; Pearson correlation coefficient with
continuous variable =0.119; p = 0.018.

Family income at birth and type of housing in early life
were both associated at the p < 0.20 level with reactivity to
Hsp60 and with birthweight, thus fulfilling the criteria for
potential confounding. The association between birthweight
and anti-Hsp60 reactivity was still significant after adjustment
for income (p = 0.048) but not after additional adjustment for
housing (p =0.175). On the other hand, the association
between duration of breastfeeding in months and reactivity
to Hsp60 remained statistically significant after adjustment
for family income (p =0.031). This association persisted
(p=0.048) even when all seven early life variables (Tables
2 and 3) as well as birthweight were adjusted for.

4. Discussion

The finding that anti-Hsp60 was log-normally distributed in
a population sample is in agreement with previous studies [4].
We considered total IgG reactivity to human Hsp60 as a contin-
uous variable, which is appropriate to understanding variability
within populations [18]. This is in contrast with the predomi-
nant approach used in immunology regarding the analysis of
antibodies to microbial antigens, in which subjects are usually
dichotomized into reactive or non-reactive on the basis of cut-
off points defined by the mean and variability of healthy indi-
viduals. Some of the earlier studies on anti-Hsp60 have used
the latter approach, thus reporting very low prevalence of pos-
itive reactions [10].

The extensive homology between human and bacterial
Hsp60 has led to the hypothesis that anti-self Hsp60 reactivity
may result largely from repeated stimulation with crossreactive
bacterial homologues, in a phenomenon called antigen mimicry
[19]. Indeed, antibodies that react with both human and bacte-
rial Hsp60 have been reported in different settings [20,21],
but whether these antibodies were elicited by bacterial or hu-
man antigens remains unclear. In our sample, levels of anti-
Hsp60 humoral reactivity were not associated with indicators

Mean 95% CI N
absorbance
Family income at birth (quintiles) p*=0.07
1 0.465 0394 0.549 66
2 0.630 0552 0719 92
3 0.534 0474 0.602 82
4 0.526 0463 0599 85
5 0.542 0.466 0.631 81
Total 406
Maternal schooling (years) p*=0.32
0—4 0.540 0479 0.609 123
5-8 0.535 0.492 0.581 182
9—11 0.482 0.372 0.624 40
>12 0.611 0524 0.712 60
Total 405
Skin color (self-reported) p*=0.41
White 0.533 0496 0.572 287
Black 0.607 0.507 0.727 67
Mixed 0.499 0.396 0.629 34
Other 0.548 0.432  0.694 18
Total 406

# ANOVA for heterogeneity.

of childhood infections nor with closely related variables such
as malnutrition or exposure to poor environmental conditions,
suggesting a minor, if any, role for bacterial cross-activation
in the early determination of anti-Hsp60 levels, at least in this
population. We were unable to evaluate BCG vaccination —
which could also affect anti-Hsp60 reactivity by antigen mim-
icry — since subjects in this cohort were only vaccinated at
about age 7, therefore, after the 1986 follow-up visit. However,

Table 3
Mean (95% CI) IgG reactivity to human Hsp60 according to environmental
variables. Pelotas, Brazil, 2000

Mean 95% CI N
absorbance
Crowding (persons/bedroom) p*=0.28
<2 0.518 0452  0.592 75
3-39 0.545 0.500 0.593 225
>4 0.579 0.502  0.669 72
Total 372
Water source p=0.76
Piped inside the home 0.548 0512  0.587 319
Other 0.532 0.444  0.639 54
Total 373
Type of sanitation p=0.59
Flush toilet 0.542 0.506  0.581 320
Other 0.570 0477  0.681 53
Total 373
Type of housing p°=0.18
Bricks 0.526 0.487  0.568 256
Wood 0.581 0.505  0.668 78
Improvised 0.628 0.510 0.772 37
Total 371

% ANOVA for linear trend.
> ANOVA for heterogeneity.
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Table 4
Mean (95% CI) IgG reactivity to human Hsp60 according to nutritional status
and morbidity variables. Pelotas, Brazil, 2000

Mean 95% CI N
absorbance
History of asthma or bronchitis in first 20 months of life p*=0.46
No 0.535 0.498 0.574 296
Yes 0.567 0.488 0.659 80
Total 376
Hospital admission due to diarrhea in first 20 months of life p*=0.98
No 0.541 0.506 0.579 354
Yes 0.544 0.437 0.677 22
Total 376
Hospital admission due to pneumonia in first 20 months of life p*=0.72
No 0.544 0.507 0.584 314
Yes 0.527 0.452 0.615 62
Total 376
Presence of stunting at age 4 years p*=0.52
Normal 0.538 0.503 0.575 344
Stunted 0.580 0.462 0.729 32
Total 376

# ANOVA for heterogeneity.

coverage in Brazil at this time was high, and is unlikely to be
associated with birthweight or breastfeeding.

Another potential source of anti Hsp60 humoral reactivity
is inflammation, which leads to greater expression and avail-
ability of HSPs for interaction with the immune system [22].
This hypothesis is in agreement with the reported correlation
between levels of anti-Hsp60 antibodies and of circulating sol-
uble Hsp60 [23]. In our cohort, however, anti-Hsp60 humoral
reactivity was not associated with inflammatory conditions
either during childhood (asthma, infections) or adult life
(wheezing and smoking). Obesity in adult life, another postu-
lated inflammatory condition [24], also failed to show an asso-
ciation with the outcome. Whether or not our subjects, aged 18
years, are old enough for such associations to be detected is
unclear.

Instead, our data suggest that mother—child immunological
interactions may be more closely related to humoral reactivity
to Hsp60 later in life than are past or current morbidity. Inten-
sity of reactivity appears to be associated with the duration of
breast milk intake. This is in accordance with the hypothesis
that the transfer of maternal antibodies early in development
plays a role in defining future antibody profile [13,25]. The as-
sociation with birthweight, another variable that may reflect
mother—child interactions, was significant in the crude analy-
sis and after adjustment for family income, but not when other
potential confounders were included in the analyses.

The lack of an effect of current measures of morbidity or
inflammation supports the idea that antibody repertoires are
defined during an early critical period and remain stable there-
after [13]. If confirmed by other studies, the finding that
breastfeeding has a measurable association with an immuno-
logical parameter as late as age 18 years is remarkable, given
the time lapse between exposure and outcome.

As the role and effects of anti-Hsp60 humoral reactivity are
not yet fully understood, the implications of our findings are

unclear. Although several studies report associations between
elevated anti-Hsp60 humoral reactivity and autoimmune dis-
eases or atherosclerosis [7—9], it is not entirely clear whether
these antibodies are a cause or a consequence of the disease
process. Moreover, a recent study has reported lower levels
of anti-Hsp60 antibodies in subjects with Sjogren’s syndrome
[26], which suggests that the association between anti-Hsp60
and autoimmune disease may not be as clear-cut.

On the other hand, physiological humoral autoimmunity,
i.e. the presence of naturally autoreactive antibodies in healthy
individuals, is well documented. Human and animal studies
provide evidence for a broad range of reactivities to autoanti-
gens in the absence of autoimmune disease, and propose phys-
iological roles for such antibodies [6,27], suggesting that
higher levels of autoantibodies may not necessarily be harm-
ful. Moreover, if Hsp60 is indeed part of a select group of ‘reg-
ulatory self-antigens’ [3], physiological antibody response to
this antigen is expected. The idea that humoral reactivity to
Hsp60 may be physiological is supported by the fact that all
but two of a population-based sample of over 400 18-year
old males showed detectable reactivity to Hsp60 at 1/100 se-
rum dilution.

Methodological strengths of our study include its population
basis, its prospective design, and the fact that almost 80% of all
subjects were traced at the age of 18 years. Follow-up rates did
not vary markedly according to social or biological conditions
in early life [28]. Limitations of our study include the fact that
it was restricted to males. Further studies are required to repli-
cate our findings, and to extend these findings to females. If the
association is confirmed, it will be necessary to investigate
whether the modulation of humoral reactivity to Hsp60 is an
isolated phenomenon, or if similar influences can be found
for other self or nonself antigens. Researchers should also at-
tempt to identify which substances present in breast milk
may be associated with anti-Hsp60 reactivity.
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