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Abstract
Purpose. This study was performed to investigate the ex-
pression of heat shock protein (HSP) 70 mRNA in polymor-
phonuclear neustrophils (PMN) as a possible new biomarker
for surgical stress.
Methods. The HSP70 mRNA in PMN of 10 patients who
underwent lobectomy was evaluated by Northern blot analy-
sis. Their leukocyte counts, including white blood cells (WBC)
and PMN, plasma cortisol levels, and plasma interleukin-6
(IL-6) levels, were obtained by cell counting, radioimmuno-
assay, and enzyme-linked immunosorbent assay, respectively.
Results. The level of HSP70 mRNA in PMN slightly in-
creased at the end of surgery and showed a significant increase
6 h after surgery. It promptly decreased at 24 h postoperatively
and returned to the basal preanesthetic level 48 h after sur-
gery. On the other hand, WBC/PMN counts, plasma cortisol,
and IL-6 significantly increased at the end of surgery. WBC/
PMN counts remained at increased levels until 48 h postopera-
tively. Cortisol peaked at 6 h postoperatively and gradually
decreased. IL-6 reached a maximum at 1 h postoperatively,
then tapered down to its basal level at 48 h postoperatively.
Conclusion. Expression of HSP70 mRNA in PMN that is
induced after thoracic surgery appears to be a promising can-
didate as a marker for evaluating surgical stress.
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Introduction

Surgical stress induces various physiopathological
responses in patients after surgery. The most common
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response to surgical stress is an increased count and
activation of polymorphonuclear neutrophils (PMN)
[1]. To evaluate surgical stress and prognosis of the
patient, PMN functions have been widely investigated.
It has been found that excessive activation of PMN
causes deleterious complications such as adult respira-
tory distress syndrome (ARDS) and multiple organ fail-
ure (MOF) [2,3], whereas insufficient function of PMN
results in serious bacterial infection with sepsis [4].

Heat shock protein (HSP) 70 is one of the family of
HSP that has an important function in protecting hosts
from various biohazardous effects [5]. HSP70 is induced
in human host cells by thermal stress, hypoxia, ischemia,
oxidative injury, heavy metal intoxication, and infec-
tions [6,7]. Recently, it was shown that HSP70 was in-
duced in PMN in patients with sepsis or ARDS [8,9].
The induction of HSP70 has also been reported in the
adrenal cortex and the greater vessels in rats in response
to surgical stress. However, the expression of HSP70 in
human PMN after surgery has not been studied [10].

In the present study, we investigated the significance
of HSP70 as a new biomarker for surgical stress by
analyzing the expression of HSP70 mRNA in PMN and
comparing it with some widely accepted biomarkers of
surgical stress: cortisol and interleukin-6 (IL-6) plasma
levels and cell counts of PMN in the circulation.

Materials and methods

Patients

Ten patients with lung cancer aged 62–77 years, ASA I-
II, who were scheduled for lobectomy were enrolled in
the study. This study was approved by the Institutional
Ethical Committee, and informed patient consent was
obtained. Patients with metabolic or hormonal diseases
were excluded. No patients were taking corticosteroids.
All patients received oral premedication with 5mg of
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diazepam 1 h before arrival in the operating room. After
arrival in the operating room, an intravenous cannula
was inserted and an arterial cannula was placed into the
radial artery for continuous measurement of arterial
pressure and blood sampling. Oxygen saturation, end-
tidal CO2, and inspired and end-tidal concentrations
of anesthetics were monitored by a respiratory gas
monitor (Ohmeda RGM 5250, Ohmeda, Louisville,
CO, USA). After placement of a thoracic epidural cath-
eter into the epidural space at the T4-7 intervertebral
level, anesthesia was induced with 5 mg·kg21 thiamylal
sodium, 0.1mg fentanyl, and 0.1 mg·kg21 vecuronium.
The trachea was intubated with a double-lumen
endobronchial tube (Broncho-Cath, Mallinckrodt, St.
Louis, MO, USA) under fiberoptic control. Anesthesia
was maintained by inhaled isoflurane with either a
mixture of O2 and air or O2 and N2O, and epidural
anesthesia with continuous infusion of 1.0%
mepivacaine 4–6 ml·h21. Vecuronium was administered
as required as an intraoperative muscle relaxant. All
patients were extubated before transfer to the intensive
care unit. No patients had complications during or after
surgery.

Blood Samples

Five-milliliter samples of arterial blood were collected
for WBC, PMN, cortisol, and IL-6 analysis at the follow-
ing perioperative times: before induction of anesthesia
(prearesthetia), immediately after skin incision (opera-
tion), at the end of the operation, and 1, 2, 4, 6, 24, and
48 h after the end of the operation. Twenty milliliters of
arterial blood was necessary for HSP70 mRNA analysis,
and blood samples were collected from the patients at
five intervals: prearesthetic, end of operation, and 6, 24,
and 48h after the operation.

RNA extraction and Northern blot analysis of
HSP70 mRNA expression

PMN for RNA extraction was obtained from 20 ml
of heparinized arterial blood using the single-step cen-
trifugal technique with Polymorphprep (NYCOMED,
Oslo, Norway) [11]. Arterial blood sedimentation in
Polymorphprep was performed at room temperature
at 450 g for 30 min. After centrifugation, the PMN
were harvested and diluted with 0.45% NaCl solution
to restore normal osmolarity. The PMN were resus-
pended in phosphate-buffered saline (PBS) and
counted. The purity and viability of PMN were .95%
and .98%, respectively, as determined by trypan blue
staining.

Total RNA of PMN was extracted by the acid
guanidium thiocyanate-phenol-chloroform method
using ISOGEN (Nippon Gene, Toyama, Japan). RNA

was quantitated by absorbance at λ 5 260nm. Northern
blot analysis was performed according to standard pro-
cedures [12]. In brief, 15µg of total RNA was analyzed
by electrophoresis through 1% agarose/formaldehyde
gels and transferred to a nylon membrane (Hybond-N1;
Amersham, Oakville, ON, Canada) overnight. The
membranes were prehybridized with buffer (53
Denhardt’s reagent, 1% sodium dodecyl sulfate [SDS],
100 µl·ml21 salmon sperm DNA) for 5h at 48°C. Hybrid-
ization was run overnight at 48°C with the same buffer,
including the specific 32P-labeled 741-bp probe
(StressGen Biotechnologies, Sidney, BC, Canada),
encoding the HSP70 cDNA [13]. After hybridization,
the membrane was washed with 2 3 SSPE (2 3 saline-
sodium phosphate-EDTA) for 15 min at room tempera-
ture and then with high stringency buffer (2 3 SSPE,
0.1% SDS) for 15 min at 65°C, followed by 0.5 3 SSPE
for 15min at 65°C. The membranes were autoradio-
graphed with Amersham Hyperfilm-MP for 48h at
280°C in an x-ray film cassette and quantitated by com-
puterized planimetry (NIH Image 1.6, public domain
software). Expression of â-actin mRNA in PMN before
and after surgery was used as an internal control for
HSP70 gene expression. All samples exhibited a con-
stant relative density as compared with the â-actin
expressed at preanesthesia.

Cell counting and assays for plasma cortisol and IL-6

Two milliliters of arterial blood was used for counting
the number of WBC and PMN. Three milliliters of arte-
rial blood was centrifuged to extract plasma samples
for cortisol and IL-6 analysis. Plasma samples were
stocked at 280°C until use. Cortisol concentration was
measured in duplicate using the Amerlex Cortisol Kit
(Kodak Japan Diagnostics, Tokyo, Japan), also known
as the 125I-direct radioimmunoassay (RIA) kit. This
assay kit uses a cortisol antiserum that has negligible
cross-reactivity with other endogenous corticosteroids
and cortisol metabolites. The intra- and interassay coef-
ficients of variation were 5.7% at 1.98 µg·dl21 and 8.9%
at 2.18 µg·dl21, respectively.

The plasma concentration of IL-6 was measured in
duplicate by an in vitro enzyme-linked immunosorbent
assay (Endogen Interleukin-6 ELISA, Endogen,
Cambridge, MA, USA). The lower sensitivity of the
assay was 1 pg·ml21.

Data analysis

All data were analyzed using two-way analysis of
variance (ANOVA) with Dunnett’s test for comparison
versus preanesthetia. The difference was considered
significant if the P value was less than 0.05. Values are
expressed as means 6 SEM.
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Table 1. Patient data (n 5 10)

Patient characteristic Median (range)

Age (yr) 71.2 (62–77)
Weight (kg) 50.0 (37.5–66)
Sex (M/F) 7/3
Duration of anesthesia (min) 663.9 (315–910)
Duration of surgery (min) 511.7 (300–805)
Blood loss (ml) 333.7 (103–465)

Results

We investigated 10 patients undergoing thoracic sur-
gery (Table 1). All the patients underwent lobectomy
for lung cancer. The outcome of the patients was
fair, without deleterious complications such as sepsis,
MOF, and ARDS, although some of them temporarily
had fevers and exhibited increases in C-reactive protein
(CRP). All patients left the hospital within one month.

HSP70 mRNA in PMN was measured using the
patient’s PMN before and after surgery (Fig. 1). The
upper panel shows the basal level of HSP70 gene ex-
pression and successive changes of HSP70 mRNA from
the end of operation to 48h postoperatively. The
relative densities of HSP70 and â-actin were measured
by autoradiogram (Fig. 1). HSP70 mRNA slightly
increased at the end of operation as compared with
preanesthesia, and then significantly increased at 6h
postoperatively. The expression of HSP70 mRNA
decreased at 24h postoperatively and returned to the
basal level at 48h postoperatively. On the other hand,
â-actin mRNA maintained constant levels throughout
the period of preanesthesia to 48h postoperatively.

In order to evaluate the correspondence between
HSP70 mRNA expression and surgical stress, we com-
pared WBC and PMN counts and plasma levels of cor-
tisol and IL-6 in the period of preanesthesia, beginning
and end of operation, and postoperation (Fig. 2). The
WBC counts significantly increased from preanesthesia
(6.5 6 0.5 3 1000 ·µl21) to the end of operation (9.7 6
1.1 3 1000 · µl21) (P , 0.05). The PMN counts also
significantly increased from preanesthesia (4.6 6 0.5 3
1000 ·µl21) to the end of operation (8.3 6 1.0 3
1000 ·µl21) (p , 0.05). Both WBC and PMN counts
remained high during the period from the end of opera-
tion to 48h postoperatively (Fig. 2A).

The plasma cortisol level significantly increased from
preanesthesia (17.2 6 3.0 µg·dl21) to the end of opera-
tion (31.3 6 2.9 µg·dl21) (P , 0.05) and reached its peak
at 4h postoperatively. The cortisol concentration re-
mained significantly increased for 6h postoperatively
and then decreased from 24h to 48h postoperatively
(Fig. 2B). Plasma IL-6 levels significantly increased at
the end of operation (163.3 6 22.6pg·ml21) as compared

Fig. 1. Time course of neutrophil HSP70 mRNA expression
during and after operation. Northern blot analysis of HSP70
(upper panel) and â-actin (lower panel). The level of HSP70
mRNA was normalized with the level of â-actin in each speci-
men and was compared by relative density (graph). Data
are shown as means 6 SEM. *P , 0.05 compared with
preanesthesia values

with preanesthesia (41.1 6 10.6pg·ml21) (P , 0.05). The
elevation of plasma IL-6 reached a maximum level lh
postoperatively (225pg 6 10.6pg·ml21). After reaching
the maximum value, the plasma IL-6 levels gradually
decreased to the basal preanesthesia level at 48h post-
operatively (Fig. 2C). The kinetics of WBC, PMN,
cortisol, and IL-6 were different from HSP70 mRNA
expression in the initial response to surgical stress at the
end of operation and after 24 to 48h postoperatively.

Discussion

HSP has a cytoprotective effect against harmful condi-
tions, but the response and the role of HSP in surgical
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high level of HSP mRNA in alveolar macrophages is a
marker for the severity of disease in patients who are
developing or at risk for development of ARDS. In our
study, we demonstrated that the induction of HSP70
mRNA in PMN increased dramatically 6 h after tho-
racic surgery. The increase in HSP mRNA was specific
with respect to surgical stress, with the phenomenon
returning promptly to the basal level 24 h after surgery.
If we consider that this phenomenon reflects the sever-
ity of surgical stress in the same way that HSP70 in
macrophages in the patients with ARDS seems to, then
the temporal increase in HSP70 observed in our case
strongly suggests that our patients suffered slight surgi-

Fig. 2. A Changes in WBC counts (open
circles) and PMN counts (closed circles),
B plasma levels of cortisol (open squares),
and IL-6 C (closed squares) during
and after operation. Data are shown as
means 6 SEM. *P , 0.05 compared with
preanesthesia values

stress have not yet been fully elucidated. Recently,
several investigators reported expression of HSP by pe-
ripheral blood mononuclear cells and by PMN in criti-
cally ill patients. Delogu et al. showed that peripheral
blood mononuclear cells from patients with sepsis con-
tained significantly higher levels of HSP70 than those of
a healthy control group [8]. Kindas-Mügge et al. also
observed that spontaneously expressed HSP of the 70-
kDa family in PMN was found in critically ill patients
but not in healthy donors [14]. Furthermore, they re-
ported that a high expression of HSP mRNA in alveolar
macrophages from patients with ARDS was correlated
with clinical situations of ARDS [9]. This suggests that a
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cal damage. IL-6 and cortisol are also well known to be
markers that reflect the severity of surgical stress
[15–18]. In our study, levels of IL-6 and cortisol in-
creased significantly at the end of surgery before re-
turning to baseline levels within 48h after surgery,
indicating that our patients had suffered slight surgical
stress. Furthermore, none of the patients had harmful
complications after surgery, thus indicating a lack of
interference in the levels of HSP70 due to postoperative
pathologies.

The increase in HSP70 mRNA was different from
that of other markers, although the sampling time was
restricted in the initial postoperative phase. Indeed,
only a slight increase in HSP70 was observed at the end
of surgery, despite marked increases in other markers.
The reason that HSP70 mRNA did not increase by the
same magnitude as the other markers at the end of
surgery may be due to a different response time in
HSP70 or to a response mechanism different from the
other markers. Bratton et al. reported that the level of
HSP mRNA in peripheral blood mononuclear cells was
increased 1 and 2 h after heat stress and that the level
decreased after 4 to 6 h [19]. Udelsman et al. reported
that HSP70 mRNA was prominently increased in the
aorta and the vena cava 30 min after surgical stress in
Wistar rat models. They also suggested a functional
relationship between HSP70 induction and activation of
the hypothalamic-pituitary-adrenal axis [10]. Thus, dif-
ferent responses at the end of surgery may be due not to
the slow response of HSP70 but rather to other factors.
One factor to account for the delayed reaction of
HSP70 as compared with the reactions of cortisol and
IL-6 at the end of surgery may be the fact that the PMN
must first be recruited from bone marrow. Thus, it takes
time for the PMN to enter the blood circulation. It
is this time which is most likely responsible for the
delayed appearance of HSP70 observed at the end of
surgery. However, the delayed expression of HSP70
does not hinder its use as a marker for surgical stress,
since the time required for the response is a matter of
hours and not days.

Surgical stress is composed of many kinds of factors,
including surgical injury, anesthesia, hemorrhage, trans-
fusion, ischemia, hypoxia, and so on. These factors com-
plicate the interpretation of markers used to examine
the effects of surgical stress. Many investigators have
tried to evaluate surgical stress and to determine the
prognosis of a patient by using several kinds of biologi-
cal markers, such as PMN function, cortisol and IL-6,
as means to quantitate surgical stress itself [15–18]. In
addition to these humoral factors, this study revealed
that HSP70 mRNA might be considered a candidate
molecular marker to evaluate surgical stress because of
its distinct increase after surgery. HSP70 mRNA ex-
pression as a marker for surgical stress is also supported

by an animal model study [10]. To our knowledge, this is
the first report of human HSP70 gene expression under
surgical stress. Further study of HSP70 mRNA expres-
sion in cases with postsurgical complications will pro-
vide us with greater understanding of HSP70 mRNA
response to surgical stress and prompt us to explore
appropriate strategies for preventing disease after sur-
gery. Advances in molecular biology will allow us to
develop a more rapid and simple method for HSP70
mRNA analysis.

In conclusion, HSP70 mRNA is induced in PMN after
thoracic surgery and is feasible as a new marker, similar
to cortisol and IL-6, to evaluate surgical stress.
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