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ABSTRACT

Objective: The aim of this study was to evaluate circulating levels of heat shock protein 27 (HSPB1, Hsp27), heat
shock protein 60 (HSPD1, Hsp60) and heat shock protein 90 (HSPC1, Hsp90) in a large cohort of healthy non-
pregnant and pregnant women, as well as in patients with preeclampsia. In addition, we investigated whether
serum levels of these heat shock proteins are associated with clinical characteristics and routine laboratory
parameters of the study population. Methods: The study included 60 women with preeclampsia, 60 healthy
pregnant women with uncomplicated pregnancies and 59 healthy non-pregnant controls. Serum concentrations
of Hsp27, Hsp60 and Hsp90 were measured with ELISA. Standard clinical chemistry parameters were assessed
on an automated analyzer. Statistical analyses were performed using nonparametric methods. Results: Serum
levels of Hsp27, Hsp60 and Hsp90 were significantly higher in healthy pregnant women compared with healthy
non-pregnant controls. Moreover, preeclamptic patients exhibited significantly elevated levels of all three heat
shock proteins compared with both control groups. In the preeclamptic group, serum Hsp27 levels showed
significant positive correlations with serum bilirubin and lactate dehydrogenase activity. Hsp60 levels were
positively correlated with blood urea nitrogen, creatinine, aspartate aminotransferase activity and lactate de-
hydrogenase activity. Hsp90 levels showed a significant positive correlation with aspartate aminotransferase
activity. Conclusions: Moderately increased circulating levels of Hsp27, Hsp60 and Hsp90 in otherwise healthy
pregnancies may reflect adaptive physiological responses. In contrast, markedly elevated levels observed in
preeclampsia may be associated with placental ischemia and oxidative stress, as well as maternal systemic
inflammation, endothelial dysfunction, and tissue injury in both placental and maternal organs.
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INTRODUCTION

Preeclampsia is a serious pregnancy complication characterized by new-onset hypertension devel-
oping at or beyond 20 weeks of gestation, accompanied by proteinuria and/or other maternal
end-organ dysfunction and/or uteroplacental insufficiency, and it is associated with considerable
maternal and perinatal morbidity and mortality [1, 2]. Despite extensive investigation, its precise
etiology and pathomechanism remain incompletely understood. Accumulating evidence suggests
that placental ischemia and oxidative stress, along with an exaggerated maternal systemic inflam-
matory response, widespread oxidative stress, and generalized endothelial dysfunction, play central
roles in the pathogenesis of the disorder [3–5].

Heat shock proteins are widely distributed and evolutionarily conserved molecules,
highlighting their essential biological functions [6]. They are primarily recognized as intracel-
lular proteins with molecular chaperone activity and cytoprotective properties [7]. Nevertheless,
heat shock protein 27 (HSPB1, Hsp27), heat shock protein 60 (HSPD1, Hsp60), heat shock
protein 70 (HSPA1A, Hsp70) and heat shock protein 90 (HSPC1, Hsp90) can also be detected in
the peripheral circulation of both healthy non-pregnant and pregnant individuals [8–10]. In our
previous studies, we demonstrated that serum Hsp70 levels are elevated in preeclampsia and are
associated with systemic inflammation, oxidative stress and hepatocellular damage [11, 12].
We further showed that patients with HELLP syndrome - characterized by hemolysis, elevated
liver enzymes and low platelet count - have significantly higher serum Hsp70 levels compared to
severely preeclamptic patients without HELLP syndrome [13]. According to our previous find-
ings, increased serum Hsp70 level reflects tissue injury (including hemolysis and hepatocellular
damage) as well as disease severity in HELLP syndrome [14]. Additionally, we observed elevated
circulating Hsp70 levels in gestational diabetes mellitus and in pregnant women with asthma
[15, 16].

The objective of the present study was to assess circulating levels of Hsp27 (HSPB1), Hsp60
(HSPD1) and Hsp90 (HSPC1) in a large cohort of healthy non-pregnant and pregnant women,
as well as in patients with preeclampsia. Furthermore, we investigated whether serum levels of
these heat shock proteins are associated with clinical characteristics and routine laboratory
parameters of the study participants.

MATERIALS AND METHODS

Study population

This case-control study included 60 women with preeclampsia, 60 healthy pregnant women with
uncomplicated pregnancies and 59 healthy non-pregnant controls. Participants were recruited at
the First Department of Obstetrics and Gynecology and at the Department of Obstetrics and
Gynecology of Kútvölgyi Clinical Center, Semmelweis University, Budapest, Hungary.
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All participants were Caucasian and lived in the same geographic region of Hungary. Exclusion
criteria comprised multiple gestation, chronic hypertension, diabetes mellitus, autoimmune
disorders, vascular disease, renal pathology, maternal or fetal infection, and fetal congenital
abnormalities. All participants were fasting at the time of blood sampling; none of the pregnant
women were in active labor or had rupture of amniotic membranes.

Preeclampsia was defined as new-onset hypertension (≥140 mmHg systolic or ≥90 mmHg
diastolic on at least two occasions at least 6 h apart) occurring after 20 weeks of gestation in
previously normotensive women, accompanied by proteinuria (≥0.3 g/24 h). Blood pressure
normalized within 12 weeks postpartum in all affected patients. Women with eclampsia or
HELLP syndrome (hemolysis, elevated liver enzymes and low platelet count) were excluded.
Fetal growth restriction (IUGR) was diagnosed when birth weight fell below the 10th percentile
for gestational age and sex, according to Hungarian reference standards.

The study protocol was approved by the Regional and Institutional Committee of Science
and Research Ethics of Semmelweis University, and written informed consent was obtained
from all participants. The study adhered to the principles of the Declaration of Helsinki.

Measurement of circulating heat shock proteins

Venous blood samples were collected from the antecubital vein into plain tubes and centrifuged at
room temperature with a relative centrifugal force of 3,000 g for 10min. Serum aliquots were stored
at �80 8C until the analysis. Circulating levels of Hsp27 (HSPB1), Hsp60 (HSPD1) and Hsp90
(HSPC1) were determined with commercially available ELISA kits (Enzo Life Sciences, Farmingdale,
NY, USA; Cat. No.: ADI-EKS-500, ADI-EKS-600, ADI-EKS-895, respectively) on an automated
ELISA analyzer (Elisys UNO, Human GmbH, Wiesbaden, Germany), following the manufacturer’s
protocols. Routine clinical chemistry parameters were measured using an automated analyzer (Cobas
Integra 800, Roche, Mannheim, Germany) with the corresponding reagents.

Statistical analysis

The distribution of continuous variables was evaluated using the Shapiro-Wilk’s W test. As the
data were not normally distributed, nonparametric methods were applied. Differences between
two groups were assessed using the Mann-Whitney U test, while comparisons across multiple
groups were performed using the Kruskal-Wallis analysis of variance by ranks test, followed by
post hoc multiple comparisons of mean ranks. Categorical variables were examined using the
Fisher’s exact test and the Pearson’s χ2 test. The Spearman rank order correlation was employed
to calculate correlation coefficients.

Statistical analyses were carried out using STATISTICA (version 14.2; Cloud Software
Group, Inc., Fort Lauderdale, FL, USA) and IBM SPSS Statistics for Windows (version 31.0;
IBM Corp., Armonk, NY, USA). A P-value <0.05 was considered statistically significant.

RESULTS

Patient characteristics

The clinical features of the study population are summarized in Table 1. No significant differ-
ences in age were observed among the three groups. Similarly, gestational age at blood sampling
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and the proportion of primiparous women did not differ significantly between preeclamptic
patients and healthy pregnant controls. In contrast, all other clinical parameters listed in Table 1
showed significant differences across the groups. Fetal growth restriction was not observed in
healthy pregnancies, whereas it occurred in 18.3% of preeclamptic cases. Among the preeclamp-
tic patients, 21 were classified as having severe disease, and early-onset preeclampsia was
identified in 5 cases.

Routine clinical chemistry parameters and circulating heat shock protein levels

The laboratory findings of the participants are presented in Table 2. Significant differences were
found in most measured laboratory parameters among the three groups, with the exception of
serum aspartate aminotransferase (AST) activity. Serum levels of Hsp27 (HSPB1), Hsp60
(HSPD1) and Hsp90 (HSPC1) were significantly elevated in healthy pregnant women compared
to healthy non-pregnant controls. Moreover, patients with preeclampsia exhibited significantly
higher levels of all three heat shock proteins than both control groups (Figs 1–3).

Within the preeclamptic cohort, serum levels of Hsp27, Hsp60 and Hsp90 did not differ
significantly between mild and severe cases, between early- and late-onset disease, or between
patients with and without fetal growth restriction (data not shown).

Table 1. Clinical features of healthy non-pregnant women, healthy pregnant women and patients with
preeclampsia

Healthy non-pregnant
women (n 5 59)

Healthy pregnant
women (n 5 60)

Patients with
preeclampsia (n 5 60)

Age (years) 28 (23–35) 30 (28–32) 29 (26–32)
BMI at blood sampling
(kg m�2)

20.8 (19.6–22.9) 25.8 (24.3–27.9)b 29.9 (26.9–33.3)b,d

Smoking status 14 (23.7%) 0 (0%)b 3 (5.0%)a

Primiparity n.a. 37 (61.7%) 38 (63.3%)
Systolic blood pressure
(mmHg)

115 (110–120) 110 (107–120) 162 (155–180)b,d

Diastolic blood pressure
(mmHg)

80 (70–80) 70 (60–80)b 100 (97–110)b,d

Gestational age at blood
sampling (weeks)

n.a. 36 (36–37) 37 (36–39)

Gestational age at
delivery (weeks)

n.a. 39 (38–40) 38 (37–39)d

Birth weight (grams) n.a. 3,450 (3,150–3,700) 3,125 (2,450–3,475)d

Fetal growth restriction n.a. 0 (0%) 11 (18.3%)d

Data are shown as median (25th-75th percentile) for continuous variables and as number (%) for
categorical variables.
n.a.: not applicable; BMI: body mass index.
a P < 0.05 versus healthy non-pregnant women.
b P < 0.001 versus healthy non-pregnant women.
c P < 0.05 for patients with preeclampsia versus healthy pregnant women.
d P < 0.001 for patients with preeclampsia versus healthy pregnant women.
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Associations between heat shock protein levels and clinical/laboratory parameters

We further evaluated potential associations between serum heat shock protein levels and clinical
as well as laboratory variables using Spearman rank correlation (for continuous variables) and
the Mann–Whitney U test (for categorical variables). In preeclamptic patients, serum Hsp27
levels showed significant positive correlations with serum bilirubin (R 5 0.26, P < 0.05) and
lactate dehydrogenase activity (R 5 0.42, P < 0.05). Serum Hsp60 levels of preeclamptic patients
were positively correlated with blood urea nitrogen (R 5 0.32, P < 0.05), creatinine (R 5 0.28,
P < 0.05), aspartate aminotransferase activity (R 5 0.36, P < 0.05) and lactate dehydrogenase
activity (R 5 0.33, P < 0.05). Serum Hsp90 levels showed a significant positive correlation with
aspartate aminotransferase activity (R5 0.32, P < 0.05) in the preeclamptic group. No additional
significant associations were identified between serum heat shock protein levels and the exam-
ined clinical or laboratory parameters in any of the study groups.

DISCUSSION

In this study, we found significantly higher serum Hsp27 (HSPB1), Hsp60 (HSPD1) and Hsp90
(HSPC1) levels in healthy pregnant women than in healthy non-pregnant women. There was a

Table 2. Laboratory findings of healthy non-pregnant women, healthy pregnant women and patients with
preeclampsia

Healthy non-pregnant
women (n 5 59)

Healthy pregnant
women (n 5 60)

Patients with
preeclampsia (n 5 60)

Blood urea nitrogen
(mmol l�1)

4.1 (3.5–4.8) 2.8 (2.0–3.3)b 3.5 (2.7–4.2)a,c

Creatinine (μmol l�1) 66 (61–72) 49 (42–56)b 63 (55–71)d

Bilirubin (μmol l�1) 9.3 (6.6–12.4) 5.4 (4.0–6.8)b 7.3 (5.7–8.9)a,c

Aspartate
aminotransferase
(U/l)

17 (15–20) 19 (17–21) 19 (15–25)

Alanine
aminotransferase
(U/l)

14 (12–17) 12 (10–15)a 16 (11–23)c

Lactate
dehydrogenase (U/l)

154 (128–170) 158 (138–169) 192 (153–225)b,d

Heat shock protein 27
(ng ml�1)

4.44 (2.57–8.51) 17.50 (11.37–37.40)b 39.10 (17.80–67.10)b,d

Heat shock protein 60
(ng ml�1)

0.55 (0.38–0.77) 4.09 (3.80–4.57)b 4.42 (4.21–4.68)b,c

Heat shock protein 90
(ng ml�1)

8.02 (5.95–11.09) 11.76 (9.60–18.63)b 17.93 (10.07–24.66)b,c

Data are shown as median (25th-75th percentile).
a P < 0.05 versus healthy non-pregnant women.
b P < 0.001 versus healthy non-pregnant women.
c P < 0.05 for patients with preeclampsia versus healthy pregnant women.
d P < 0.001 for patients with preeclampsia versus healthy pregnant women.
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further significant increase in circulating Hsp27, Hsp60 and Hsp90 levels in preeclampsia.
Previous reports on circulating Hsp27, Hsp60 and Hsp90 protein/mRNA levels in preeclampsia
determined by ELISA, Western blot, mass spectrometry or real-time reverse-transcriptase po-
lymerase chain reaction (RT-PCR) are controversial [17–24]. In addition, previous studies
lacked a healthy non-pregnant control group.

Normal pregnancy is a physiological controlled stress state involving major hormonal,
haemodynamic, immunologic and metabolic changes. The elevated circulating levels of
Hsp27, Hsp60 and Hsp90 in normal pregnancy observed in our study may reflect this adaptive
response, serving to maintain cellular homeostasis and protect maternal tissues from stress-
induced damage. Endometrial and uterine cells show abundant Hsp27, Hsp60 and Hsp90
expression, with involvement in decidualization, implantation, placentation and modulation
of endoplasmic reticulum (ER) stress, all critical for a successful pregnancy [10]. Placental cells
also express Hsp27, Hsp60 and Hsp90 [25]. These proteins may enter the maternal circulation
through syncytiotrophoblast shedding, apoptosis, and extracellular vesicle release. Heat shock
proteins, especially Hsp90, act as chaperones for steroid hormone receptors, including those for
estrogen and progesterone. The marked elevation of these hormones during normal pregnancy
may stimulate heat shock protein expression, thereby contributing to their increased circulating
levels. Heat shock proteins have also been implicated in immune modulation, functioning as

Fig. 1. Serum heat shock protein 27 (HSPB1, Hsp27) levels in healthy non-pregnant women, healthy
pregnant women and patients with preeclampsia

Center point: median; Box: interquartile range (25th–75th percentile); Whiskers: range excluding outliers
a P < 0.001 versus healthy non-pregnant women

b P < 0.001 for patients with preeclampsia versus healthy pregnant women
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mediators of antigen presentation and cytokine signaling [26, 27]. Their increased presence in
maternal circulation may contribute to the fine balance between immune activation and toler-
ance that characterizes normal pregnancy.

Preeclampsia is a multifactorial disorder driven by placental ischemia, oxidative stress, sys-
temic inflammation and widespread endothelial dysfunction. The present findings demon-
strating elevated circulating Hsp27, Hsp60 and Hsp90 levels in preeclamptic patients can be
explained by these multiple converging stresses. These stressors can activate intracellular pro-
tective pathways and simultaneously trigger the extracellular release of heat shock proteins,
leading to their increased circulating levels.

A central feature of preeclampsia is placental hypoxia-reperfusion injury, which generates
excessive oxidative stress and disrupts protein homeostasis. Under such conditions, the
accumulation of unfolded or misfolded proteins induces the expression of stress-responsive
chaperones, including Hsp27, Hsp60 and Hsp90 [28]. Placental studies show up-regulation
and post-translational modification of heat shock proteins in preeclampsia. Hsp27 is overex-
pressed in preeclamptic placentas and localized mainly to trophoblasts [29–33]. Hsp60
undergoes aberrant lactylation in preeclamptic placentas, particularly under hypoxic conditions.
Hsp60 lactylation promotes mitochondrial dysfunction, increases mitochondrial reactive oxygen

Fig. 2. Serum heat shock protein 60 (HSPD1, Hsp60) levels in healthy non-pregnant women, healthy
pregnant women and patients with preeclampsia

Center point: median; Box: interquartile range (25th–75th percentile); Whiskers: range excluding outliers
a P < 0.001 versus healthy non-pregnant women

b P < 0.05 for patients with preeclampsia versus healthy pregnant women
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species (ROS) production and sensitizes trophoblasts to apoptosis [34]. Such trophoblast stress/
damage provides a plausible source of elevated circulating Hsp27 and Hsp60 and links heat shock
protein changes directly to defective placentation and the pathophysiology of preeclampsia.

We previously reported that increased serum Hsp70 levels correlate with oxidative stress
marker malondialdehyde and indices of tissue damage in women with preeclampsia and HELLP
syndrome [12, 14]. Given the conserved chaperone functions of heat shock proteins, similar
mechanisms may be responsible for the observed increases in circulating Hsp27, Hsp60 and
Hsp90 levels, suggesting their role as biomarkers of cellular stress and damage in preeclampsia.
Indeed, in the present study, serum Hsp27, Hsp60 and Hsp90 concentrations of preeclamptic
patients showed significant positive correlations with renal and liver function parameters.

Systemic endothelial dysfunction plays a crucial role in the development of the maternal
syndrome of preeclampsia. In a recent study, serum Hsp90 alpha level showed positive corre-
lation with both systolic and diastolic arterial blood pressure in preeclamptic patients, suggesting
its potential role as an indicator of endothelial stress [24]. Hsp27 expression is increased in
preeclamptic placentas and serum Hsp27 level is elevated in the first and second trimester before
clinical onset of preeclampsia, especially in early-onset disease [22, 29–33]. These observations
are consistent with the role of Hsp27 in cytoskeletal stability and stress protection in vascular

Fig. 3. Serum heat shock protein 90 (HSPC1, Hsp90) levels in healthy non-pregnant women, healthy
pregnant women and patients with preeclampsia

Center point: median; Box: interquartile range (25th–75th percentile); Whiskers: range excluding outliers
a P < 0.001 versus healthy non-pregnant women

b P < 0.05 for patients with preeclampsia versus healthy pregnant women
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and trophoblast cells. Taken together, these findings suggest that elevated extracellular Hsp27
and Hsp90 are not only bystanders but also components of a compensatory response to vascular
and trophoblast injury.

Beyond their intracellular roles, extracellular heat shock proteins derived from stressed and
damaged, necrotic cells function as danger-associated molecular patterns (DAMPs), capable of
activating innate and adaptive pro-inflammatory immune responses [26, 35, 36]. We previously
demonstrated that increased serum Hsp70 concentrations in women with preeclampsia are
associated with pro-inflammatory changes in circulating cytokine profile [37]. In another study,
the concentrations of extracellular Hsp60 and Hsp70 correlated positively with IL-1β and TNF-α
levels in patients with preeclampsia [38]. By extension, the elevated circulating Hsp27, Hsp60
and Hsp90 levels observed in this study might contribute to the development of the excessive
systemic inflammatory response and generalized endothelial dysfunction characteristics of the
maternal syndrome of the disease. This dual role - as markers of cellular injury and mediators of
inflammation - positions heat shock proteins at a critical interface between placental pathology
and maternal systemic response.

A limitation of our study is its cross-sectional design. Therefore, this study cannot establish a
mechanistic role of the investigated heat shock proteins in the pathogenesis of preeclampsia.
Additionally, we cannot draw firm conclusions from the subgroup analyses (mild vs. severe
preeclampsia, early- vs. late-onset disease, with vs. without fetal growth restriction) because of
the relatively small subgroup sample sizes.

In conclusion, moderately increased circulating levels of Hsp27, Hsp60 and Hsp90 in other-
wise healthy pregnancies may reflect adaptive physiological responses. In contrast, markedly
elevated levels observed in preeclampsia may be associated with placental ischemia and oxidative
stress, as well as maternal systemic inflammation, endothelial dysfunction, and tissue injury in
both placental and maternal organs. Further studies are required to determine their mechanistic
contributions and to evaluate their potential as predictive biomarkers or therapeutic targets in
preeclampsia.

Conflict of interest: AM is related to a member of the editorial board, however, this relation had
no impact on the peer review process; the manuscript was reviewed by external reviewers.
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