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HSP70 Expression as a Stress Response of Aspergillus flavus Infection in Rat Lung: 
a Protective Mechanism and Anti-apoptotic Cell Death
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Abstract: Aims,Aspergillus species are opportunistic invaders, in individuals with lower resistance due to
prolonged treatment with immunosuppressive drugs or antimicrobial agents. Heat shock/stress proteins are
synthesized in all cell types under a variety of stressful conditions. Methods, we determine the HSP70 in lung
tissues immunohistochemically after infected rats with Aspergillus flavus.in addition to study the rats’ lung cell
cycle DNA by flow cytometry. Results, in high single dose of A.flavus showed 18% pre-G1 apoptosis,
accumulation of cells in s-phase and a strong HSP70 expression was observed. High sub-G1 apoptotic lung
cells (56 %) and moderate staining of HSP70 was observed in challenged rats. Furthermore, lung cell cycle
DNA histogram obtained from rats exposed to the killed fungus showed arresting of cells in S-phase indicating
a high proliferation process and weak expression of HSP70 as shown in control group. In conclusion, HSP70
is considered to participate in an array of cellular activities, including cytoprotection, a biomarker of cellular
stress and injury in some tissues and its expression was associated with less apoptotic cell death.
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INTRODUCTION

Aspergillus infections are among the most feared
opportunistic infections in humans. Aspergillus organisms
are ubiquitous in nature; thus, exposure to their spores
must be a common event. Aspergillus species are
associated with disease in plants, insects, man and other
animals[1]. For example, Aspergillus flavus causes disease
of agronomically important crops, such as corn and
peanuts, is second only to Aspergillus fumigatus
Aspergillus flavus has a worldwide distribution and
normally occurs as a saprophyte in soil and on many
kinds of decaying organic matter. A. flavus is the second
most common species (next to A. fumigatus) to be isolated
from human infections, as the cause of human invasive
aspergillosis[2]. It is an invasive disease of the lungs,
although colonization of other organs can occur.
Aspergillosis is a large spectrum of caused by members of
the genus Aspergeillus that is often fatal due to the
difficulty of diagnosis and poor prognosis[2,3]. In healthy
individuals, anatomical barriers and the immune system
(serum complement, antibodies, phagocytes and cell-
mediated immunity) provide protection against
infection[4]. The clinical manifestation and severity of the
disease depends upon the immunologic state of the
patient, hence the immune host defense mechanisms
against aspergillosis remains to be not completely
understood[5].  At  the  same time, many studies reported

that reactive oxygen species (ROS) are essential
components of the defensive mechanism against fungus
infection[6,7]. 

Heat shock proteins (HSP) are highly conserved
stressresponse proteins which play a central role in
cellular repair and adaptation to stress[8]. These proteins
play a critical role in maintenance of cells in a normal
homeostatic state and the recovery of cells from adverse
injury. Heat shock protein 70 (Hsp70) is an important
member of stress-induced proteins, whose expression is
upregulated when the cell or organism is placed under
stressful conditions. The role of Hsp70 has been studied
in a variety of clinically relevant animal models or
conditions, such as hyperthermia, hypoxia, exposure to
toxic chemicals, inflammation, apoptosis and cancer[9].
The objective of this study were, to evaluate the effect of
Aspergillus F. on cell cycle using flow cytometry, to
i n v e s t i g a t e  t h e  e x p r e s s i o n  o f  H S P 7 0
immunohistochemically and correlate this with fungal
concentration and granuloma formation in lung of male
Wistar rats.

MATERIALS AND METHODS

Animal  strain:  Sixty male Wistar rats of 6 weeks of
age, 150 to 175 g body weight, were raised at the
experimental  animal house of the Genetic Engineering &
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Biotechnology Institute, Menoufiya University. The
animals were maintained in controlled environment of
temperature, humidity and light. They were fed a
commercial rat chow and tap water.

Fungal  strain:  The  A.  flavus was isolated and
identified from a patient with bronchial asthma. A. flavus
was maintained on 2 % corn meal agar for 21 days at
28±2°C. After the incubation period, the fungus was
filtered  through  muslin  then  washed  several  times
with  deionized  water  and freeze-dried. Prior to
infection, 0.2 g of fungus was suspended in sterile 1ml
cold 0.9% saline and homogenized manually in glass
homogenizer. 

Experimental  infection: Rats were divided into 4
groups; each  group  includes  15 animals. The first group
received  40 ul  of  0.9  %  saline  by dropping into nostril
under mild anesthesia and served as controls. Group II
was treated with 800ug of fungal extract that has been
classified as high dose (data   not   shown) suspended in
40 ul of 0.9 % saline into nostril under mild anesthesia.
Group III has received a single dose of autoclaved fungus
(800 ug/ rat). Group IV has received 200 ug/rat of fungus
in nostril at zero day of experiment and followed by a
booster dose at day-6 (200 ug) as a low fungal dose (data
not shown). After 24 hours of treatment, rats were killed
and lung specimens were collected. 

DNA histogram: Cell cycle was analyzed by using flow
cytometery. In brief, a single cell suspension was
prepared from lung homogenate by filtration through a
piece of fine nylon mesh (45 um-pore size) and
centrifuged to remove debris and cell clumps. After the
treatment of cells with Triton X-100, the cells were
stained using propidium iodide as DNA-specific
fluorochrome. The data were analyzed by modfit®
software. 

Histology:  The  lung  was  removed and immediately
half  of  it was fixed in 10% neutral buffered formalin.
After  dehydration  in  a graded ethanol series and
clearing with xylene, the material was embedded in
paraffin and 5-µm-thick sections were stained with
Hematoxylin-Eosin for observation under the light
microscope.

Immunohistochemistry: Slides of lung tissue were
formalin-fixed and paraffin embedded. Five mm thick
tissue sections were dewaxed, dehydrated in xylene and
alcohol and subjected to antigen retrieval by means of two
6 min microwave cycles in citrate buffer (pH 6.0) then
cool at room temperature for 10 minutes. Endogenous

peroxidase was blocked by incubation for 10 min with 3%
hydrogen peroxide in phosphate buffer saline. Sections
were  then  incubated  for 1 h with mouse monoclonal
anti-rat  HSP70  antibody  (dilute  1:50)   clone  W27 Cat.
# MS-482-R7 ready-to-use. (LABVISION NeoMarkers)
for one hour at room temperature. After washing, the
biotinylated secondary antibody was used as a second
layer  for  10  minutes. After that, the sections were
washed three times 5 minutes each. Streptavidin-
peroxidase  complex  was  applied for 10 min. The
sections  were  washed  in  PBS  and  the peroxidase
signal was developed in 0.05% diaminobenzidine and
0.01% hydrogen peroxide in PBS. The sections were
lightly  counter  stained  with haematoxylin. Finally,
tissue samples were dehydrated with alcohol and xylene.
The results were evaluated under light microscopy.
Section controls were obtained by omitting the primary
antibody or by using unrelated mouse monoclonal
antibodies.

RESULTS AND DISCUSSIONS

Experimental  infection  of  rats   with  different
doses of freeze-dried  A.  flavus preparations has been
carried  out  (data  not  shown).  Then,   a   high  dose
(800 ug/rat) was used to examine histological responses
of the host against the fungal exposure. Rats were firstly
exposed  to  a single high dose of fungal preparation
(group  II)  and with the same dose of killed fungus
(group III), while the group IV of rats has treated with two
minimal doses of fungal preparation (200 ug/rat), the first
dose has been taken on day zero and the second dose at
the sixth day. However group (I) was received 40 ul of
saline.

Cell cycle (Apoptosis): The pattern of cell cycle DNA
measured  by  flow  cytometry  in  the homogenate of
lung  of  animals of studied groups have been shown in
fig. (1 A, B, C, D). As shown in figure 1B, the treatment
of male Wistar rats with high single dose of A. flavus
leads to 18% pre-G1 apoptosis in addition to
accumulation of cells in S-phase comparing to normal
control group (fig. 1A). A further significant increase in
sub-G1 apoptotic cells (56%) were observed in animals
treated with dual dose of fungus (fig. 1D). While, cell
cycle DNA histogram obtained from rats exposed to
autoclaved fungus showed arresting of cells in S-phase
indicating a high proliferation process (Fig. 1C).

Histology: Examining the lung of rats given the A. flavus
intranasally after 24 hr showed no abnormal changes,
except  existence  of pus cells in bronchial lumen spaces,
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Fig. 1: DNA histogram showing cell cycle in lung of male Wistar rats: (A) is the cell cycle in untreated animals
(control group); (B) is the cell cycle in animals treated with high single dose of A. flavus; (C) is the cell cycle
in animals treated with killed fungus while (D) shows the cell cycle in animals treated with booster dose of
fungus.

peribronchial inflammation including lymphocytes,
neutrophiles and macrophages (Fig 2B). However, the rat
lungs challenged after 6 days of the first exposure showed
a granuloma (Fig 2D). In granuloma, numerous cell
fragments were phagocytized by macrophages; also
inflammatory cells consist of histiocytes, lymphocytes
and a few polymorphonuclear leuckocytes in addition to
a Langhan’s giant cells. However examining the lung
tissue of rat exposed to the autoclaved A. flavus
preparation for 24 hr indicating normal cells without
granuloma formation. Although there is infiltration for
immune cells included macrophages, neutrophiles and
lymphocytes.

Immunohistochemistry: The immunohistochemical
staining of lung tissue sections revealed weak HSP70
expression in the bronchiolar epithelial cells of the control
group and group III which received single dose of
autoclaved fungus, the level of which was the same as the
basal expression of HSP70 (data not shown). In contrast,
in group II showed a significant increase in HSP70 that
was mainly present in the bronchiolar epithelial cells and
subepithelial tissues Likewise, the bronchiolar epithelial
cells and subepithelial tissues of the group IV were fewer
positive for HSP70 than in group II but it significant in
comparing to control group, (fig. 3 A, B, C, D).

A. flavus occurs widely in tropical and subtropical
regions as a food contaminant agent or as a secondary
infection pathogen [10]. The results of the present study
indicated that the infection with high dose of A. flavus
leads to arrest of cells in the S-phase and the cells showed
a pre-G1 apoptosis (18%). 

On the other hand, At the same time, the data
obtained from DNA cell cycle (Fig. 1C) showed that most
of  lung  cells  are  blocked  in  their progression through
S-phase when male Wistar rats treated with killed fungus.
This finding indicates that killed fungus acted as foreign
antigen that stimulates the lung cells without enhancement
of apoptotic process. 

Granulomas were observed only in lung tissue of rat
exposed to A. flavus freeze-dried preparation that
challenged after 6 days of first exposure. Granuloma is a
compact organized structure dominated by mononuclear
phagocytes. It is formed as a result to an unsuccessful
attempt to remove irritant[11]. The presence of
multinucleated giant cells is a common feature within the
granuloma. It is assumed that these cells play a role in
protecting the host from a persistent invader as does
granuloma itself[12]. It has been established that antigen
sensitized  T  lymphocytes  are  involved  in  the
formation of granuloma[13]. Ando, et al.[14] have found that
in vivo granuloma  formation  accompained by monocyte
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Fig. 2: Haemtoxyline-Eosin stained lung sections (x 66) from A. flavus exposed male Wistar rats. Normal control (A),
24-hour  exposure  to  800 mg of live (B) and killed A. flavus (C) and 6th-day booster exposure of 200 mg of
A. flavus (D). Note the presence of A. flavus in mononuclear cells (arrow) adjacent to the inflamed airway
depicted in (B) and (D).

Fig. 3: Immunohistochemical staining of heat shock protein 70 (HSP70) in bronchial epithelial cells and sub-epithelial
tissues representative in rat lung tissues. A) Very weak or basal expression in control group, B) group III same
as control group. C) Moderate expression in group IV and D) strong and diffuse immunoreactivity of HSP70
protein in group II.

proliferation. Rats, which exposed to either A. flavus
freeze-dried  for only 24 hrs or to killed fungal
preparation did not form in vivo granuloma. This
indicated  that  the  fungal  infecting  elements like
hyphae  or  spores  were  cleared  by different immune
cells and different host immune defending enzymes.
Spencer[15] stated that one complication of pulmonary
aspergillosis  might  be  the  deposition  of calcium
oxalate  crystals  in  the tissue. This is most commonly
seen  with  A.  niger  infection and is believed to be
caused by the combination of oxalic acid produced by the
fungal mycelia with the patient’s serum calcium, this
crystals indicate the chronic and severe nature of the
disease. However, in the present study such kind of
calcium oxalate crystals with A. flavus infection did not
observe.

It generally known that HSPs are increased during
various kinds of stress, so in the present results can be
qualified as surprising. But decreased HSP70 expression
in acute stress and negligible changes in chronic one have
been reported[16]. The increase of HSP70 is reported to be
transient and how long it persists is different in various
cell types[17]. Thus it may be that HSP70 expression in this
study initially increased in response to the quantity of
infection with A. flavus.

Tschumplelin et al.[18], recently showed that the
mechanical stress enhanced the release of transforming
growth factor- β (TGF- β) and endothelin (ET) in the
bronchial epithelium. These molecules are known to
induce HSP70[19]. Although we did not investigate the
relationships   between   these   molecules   and   HSP70
in  this  study,  the  release  of  (TGF-  β)  and  ET  in  the
communication process between bronchial epithelial cells
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and sub-epithelial tissue may be one of the mechanisms of
HSP70 induction. And this explanation could clarify the
granuloma appearance in rats of group IV.

HSP70 was known to be a potent inhibitor of
apoptosis and these results indicate that HSP70 exerts an
anti-apoptotic effect in bronchial epithelial cells and as
shown in group II and reduced HSP70 expression in
group IV results in an increase apoptosis. These results
were confirmed by Jaattela et al.,[20], who stated that the
HSP70 exerts its protective effect downstream of caspase-
3 like proteases. In addition to Li et al.,[21] who reported
that HSP70 inhibits apoptotic downstream of cytochrome
C release. 

In conclusion, HSP70 is considered to participate in
an array of cellular activities, including cytoprotection,a
biomarker of cellular stress and injury in some tisues
tissues and its expression was associated with less
apoptotic cell death. As HSP70 is highly sensitive to
changes in the environment, it has also been suggested as
a possible early biomarker of exposure in toxicologic
studies.
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