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ABSTRACT

Heat shock proteins are highly conserved proteins present in organisms ranging from bacteria to
man. They are both dominant microbial immunogens and among the first proteins produced during
mammalian embryo development. Since bacterial and human heat shock proteins share a high
degree of amino acid sequence homology, it has been suggested that sensitization to bacterial heat
shock proteins during an infectiori may result in autoimmunity to human heat shock proteins.
Infertile couples seeking in vitro fertilization (IVF) may have been previously sensitized to bacterial
heat shock proteins as a consequence of an asymptomatic upper genital tract infection. Due to daily
clinical monitoring and precisely timed fertilization these patients are an ideal study group to
investigate the effect of prior sensitization to heat shock proteins on preimplantation embryo de-
velopment and implantation failure. Immune sensitization at the level of the cervix to the 60 kD
heat shock protein (hsp60) has been associated with implantation failure in some IVF patients.
Similarly, the highest prevalence of circulating hsp60 antibodies among IVF patients was found in
the sera of women whose embryos failed to develop in vitro. To more directly assess whether
humoral immunity to hsp60 influenced in vitro embryo development, a mouse embryo culture
model was established. Monoclonal antibody to mammalian hsp60 markedly impaired mouse
embryo development in vitro. These data suggest that immune sensitization to human hsp60,
possibly developed as a consequence of infection, may adversely affect pregnancy outcome in some
patients. Infect. Dis. Obstet. Gynecol. 5:154-157, 1997. (C) 1997 Wiley-Liss, Inc.
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nder physiological conditions, heat shock pro-
teins (stress response proteins) function as

molecular chaperones, mediating the folding and
assembly of other intracellular proteins and pre-
venting inappropriate protein aggregation. They
also facilitate intracellular protein transport and
maintain proteins in an inactive configuration. Un-
der conditions of rapid cell growth or differentia-
tion such as in early pregnancy, or following expo-

sure to an environmental stress such as inflamma-

tion, fever, or toxic chemicals, heat shock protein
synthesis is markedly increased. Heat shock pro-
teins are classified into different families on the
basis of their molecular weight and further distin-

guished according to their inducibility.
The 60 kD heat shock protein (hsp60) is one of

the best characterized molecular chaperones of
both eukaryotic and prokaryotic organisms. The
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TABLE I. Properties of the 60 kD family of heat
shock proteins

Detectable in all eukaryotic and prokaryotic organisms.
Essential chaperone proteins involved in transport, folding, and

assembly of protein subunits.
Production is elevated in response to environmental stress

factors in order to minimize protein denaturation.
Highly conserved amino acid sequence throughout evolution.
The human and bacterial proteins share a sequence
homology of approximately 50%.

Immune responses to conserved regions of heat shock proteins
have been implicated in autoimmunity.

major properties of hsp60 are delineated in Table
1. Studies have revealed that members of the
hsp60 family of heat shock proteins are dominant
antigens of many pathogenic microorganisms such
as Escherichia coli, Salmonella spp, and Chlamydia
trachomatis, z the most common pathogen associated
with tubal infertility.

HSP60 AND POSTINFECTIOUS
AUTOIMMUNITY: POSSIBLE

CONSEQUENCES FOR EARLY PREGNANCY

Bacterial hsp60 is highly immunogenic in man.3

Typically, during the course of an acute infection

immunity is restricted to hsp60 epitopes that are

specific to the invading microorganism. However,
since bacterial and human heat shock proteins are

highly conserved proteins and share approximately
a 50% amino acid sequence homology,4 it has been
proposed that a prolonged or repeated bacterial in-
fection can trigger immunity to conserved hsp60
epitopes that are also expressed in man. 1,5 This
would result in autoimmunity to human (self) heat
shock proteins.

Microbe-induced hsp60 autoimmunity may be
inhibitory to the development of early human preg-
nancy. Many couples with fertility problems, espe-
cially women with occluded fallopian tubes, have
had a persistent and "silent" C. trachomatis genital
tract infection. 6,7 Thus, conditions favorable to

hsp60 autoimmunity may have been present. Heat
shock proteins are also among the first proteins
produced during embryogenesis and are essential
for embryo development.8-1 In addition, heat
shock proteins are specifically expressed in the hu-
man endometrium throughout the menstrual cycle
and during the postovulatory implantation phase, la

Hsp60 expression in the human decidua at 7-11
weeks gestation has been identified, z,a3 thus rep-

resenting a potential target tissue for cross-reacting
antibodies and a source of hsp60 capable of reacti-

vating hsp60-sensitized lymphocytes. A murine hy-
bridoma specific for mammalian hsp60 was shown
to react with the surface of murine and human tro-

phoblast, suggesting surface hsp60 expression by
these cells as well. 14

A possible model for impairment of early stage

pregnancy after immune sensitization to conserved
regions of the C. trachomatis hsp60 has been out-

lined previously. 7,s,16 However, the precise
mechanism of hsp60-related immunopathogenesis
during pregnancy remains unproven. The direct

impairment of fetal development and/or fetal or

maternal cell viability by anti-hsp60 antibodies or

sensitized lymphocytes, or interference with im-
mune regulatory mechanisms necessary to prevent

rejection of the semi-allogenetic embryo, may in-
duce early stage pregnancy loss.

HSP60 AND IN VITRO FERTILIZATION
(IVF) OUTCOME

Women undergoing IVF with evidence of local cer-

vical immunity to the C. trachomatis hsp60 had an

increased prevalence of unsuccessful outcome

compared to antibody negative women.7 In addi-

tion, there was a relation between cervical IgA an-

tibodies to a conserved hsp60 epitope expressed in
both the human and chlamydial proteins and the
failure of successful implantation after embryo
transfer in IVF patients, is In other infertility pa-
tients who were not undergoing IVF cervical IgA
anti-human hsp60 was shown to be associated with
a history of recurrent spontaneous abortion. s

These data implicated a genital tract immune re-

sponse to conserved regions of hsp60 with early
stage pregnancy loss. To further elucidate the pos-
sible contribution of anti-hsp60 antibodies to repro-
ductive failure we related the seroprevalence of
antibodies to the human hsp60 in growth medium
containing maternal serum. The results (Table 2)
indicated that serum IgG antibodies to the human
hsp60 were significantly (P 0.004) more common

in patients with arrested in vitro embryo develop-
ment than in IVF patients whose embryos contin-
ued to grow and were transferred to the uterus.

MOUSE IN VITRO EMBRYO STUDIES

Most recently, we have investigated the direct ef-
fect of antibodies to the mammalian hsp60 on
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TABLE 2. Relation between circulating IgG
antibodies to hsp60 and IVF outcome

No. No. hsp60
IVF outcome subjects (%)
No fertilization 14 (7.1)
Arrested embryo development 13 6 (46.2)*
Embryo transfer
Not pregnant 75 7 (9.3)
Pregnant 53 9 (I 7.0)

aSera from 155 women were tested.
*P 0.004 vs. all others.

mouse embryo development in vitro. Six to 8-
week-old mice (strain B6D2F1) were superovu-
lated by intraperitoneal injections of pregnant mare
serum gonadotropin. After mating, females exhib-

iting copulation plugs were sacrificed and two-cell
embryos were flushed from the oviductS. A total of
249 embryos were transferred to wells of tissue cul-
ture plates containing either RPMI 1640 culture
medium and 10% fetal calf sera [complete me-

dium, or complete medium plus 100 pg/ml of a

monoclonal antibody to mammalian hsp60 (SPA
806, StressGen, Victoria, B.C., Canada)] purified
mouse IgG (100 pg/ml) as control. Embryo devel-
opment was evaluated microscopically after 3, 5,
and 7 days in culture, and the number of blasto-
cysts, hatched blastocysts, and outgrown tropho-
blasts was determined.

Inclusion of anti-hsp60 antibody to the culture
medium inhibited embryo development at each
time period examined. At day 3, only 29% (22/75)
of the embryos cultured with this antibody reached
the blastocyst stage compared with 72% (80/112) of
embryos cultured in medium and 79% (49/62) cul-
tured in medium plus mouse IgG (P < 0.0001). On
day 5, hatched embryos were present in 21% (16/
75) of cultures containing anti-hsp60, 71% (79/112)
of cultures containing media (P < 0.0001), and 73%
(45/62) of cultures containing IgG. At day 7, out-

grown trophoblasts were observed in 28% (21/75)
of cultures containing anti-hsp60, 71% (79/112)
containing media, and 66% (41/62) of cultures with

IgG1 (P < 0.0001). These results are summarized in
Table 3.

DISCUSSION

During the preimplantation stage of mammalian
embryo development many rapid changes occur.

After formation of the zygote the genome of the

TABLE 3. In vitro development of mouse embryos
in the presence of monoclonal antibodies to

mammalian hsp60

Anti- No. No. developed/total No. examined (%)

body tested Day 3 Day 5b Day 7

None 112 80 (72) 79 (71) 79 (71)
IgG, 62 49 (79) 45 (73) 41 (66)
Hsp60 75 22 (29)* 16 (21)* 21 (28)*

aBlastocyst stage.
bHatched blastocyst stage.
cOutgrowth.
*P < 0.0001 vs. IgG.

embryo becomes activated and assumes control of
subsequent cell division and differentiation. Hsp60
expression has been demonstrated in mouse em-

bryos at this early stage.9 Heat shock protein gene
expression occurs in two-cell embryos concurrent

with the onset of zygote gene activation,s,9 Gene
transcription for a hsp70 may be initiated even ear-

lier at the one-cell stage. 17

Hsp60 is predominately present within mito-
chondria. However, hsp60 expression at other sites
has been consistently observed. Recent immuno-

electron microscopic localization studies of hsp60
revealed that in addition to the above-mentioned
mitochondrial localization, 15-20% of the total
hsp60 was present at discrete extramitochondrial
sites including the cell surface. s Heat shock pro-
teins are also found on the cell surface of tumor

cells where they elicit an anti-tumor immune re-

sponse.
In our mouse model, anti-hsp60 antibodies ex-

hibited a detrimental effect on in vitro mouse em-

bryo development. The mechanism(s) of anti-

hsp60 inhibition of mouse embryo development in
vitro is completely unknown. The zona pellucida
of mouse oocytes and zygotes is permeable to mac-

romolecules. Molecules up to 170 kD have been
shown to penetrate through the zona pellucida of
postovulated mouse oocytes,z In addition, the per-
meability of mouse zona pellucida to IgG with the
subsequent induction of embryo damage has been
demonstrated,z The ability of IgG to enter intact
cells has also been demonstrated. IgG anti-ribo-

nucleoprotein and IgG anti-DNA were shown to

penetrate into epithelial and fibroblast cells where
they reacted with intranuclear antigen and induced
cell death,ez

The extent of heat shock protein gene transcrip-
tion in mouse embryos varies depending upon in
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vitro culture conditionsz3 and the specific inbred
strain utilized,z4 Therefore, the direct relevance of
the mouse embryo studies to in vitro and in vivo

embryo development in man remains to be defin-
itively determined. Since in IVF the in vitro fertil-
ized embryos are most often cultivated in medium
containing maternal sera, the effect of serum con-

taining different titers of antibodies to human
hsp60 and other heat shock proteins on in vitro

embryo growth and in relation to as yet undefined

genetic variables should be further investigated.
Such studies are now in progress.

In conclusion, these results suggest that a late
sequelae of a persistent or chronic genital tract in-
fection may be the development of immune sen-

sitization to conserved epitopes of hsp60. This
event might compromise the success of subsequent
natural or assisted fertility attempts.
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