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Upregulation of BAG3 with apoptotic and autophagic activities
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Abstract. Maggot extract (ME) accelerates rat skin wound
healing, however its effect on cell maintenance in wound
tissues remains unclear. B-cell lymphoma (Bcl) 2-associ-
ated athanogene (BAG)3 inhibits apoptosis and promotes
autophagy by associating with Bcl-2 or Beclin 1. Bcl-2, the
downstream effector of signal transducer and activator of
transcription 3 signaling, is enhanced in ME-treated wound
tissues, which may reinforce the Bcl-2 anti-apoptotic activity
and/or cooperate with Beclin 1 to regulate autophagy during
wound healing. The present study investigated expression
levels of BAG3, Bcl-2, Beclin 1 and light chain (LC)3 levels
in rat skin wound tissues in the presence and absence of ME
treatment. The results revealed frequent TUNEL-negative cell
death in the wound tissues in the early three days following
injury, irrespective to ME treatment. TUNEL-positive cells
appeared in the wound tissues following 4 days of injury and
150 ug/ml ME efficiently reduced apoptotic rate and enhanced
BAG3 and Bcl-2 expression. Elevated Beclin 1 and LC3 levels
and an increased LC3 II ratio were revealed in the ME-treated
tissues during the wound healing. The results of the present
study demonstrate the anti-apoptotic effects of BAG3 and
Bcl-2 in ME-promoted wound healing. Beclin 1/LC3 mediated
autophagy may be favorable in maintaining cell survival in the
damaged tissues and ME-upregulated BAG3 may enhance its
activity.
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Introduction

Skin wounds are the commonest body damage in clinics, and
their consequences are largely determined by the quality of
wound healing (1). Wound healing is the process by which the
damaged tissue is repaired after trauma through an orches-
trated cascade of stepwise biochemical events including blood
clotting with inflammation, tissue growth (proliferation) and
tissue remodeling (maturation) (2,3). Cell turnover happens
in those steps, including the removal of the dysfunctional
cells from the wound bed in the forms of necrosis (4) and/or
apoptosis (5,6), the activation of cell proliferation machinery
to repaire the lost tissue (7,8) and the remodeling of the
regenerated tissue by inducing apoptosis of unneeded cells (9).
Apparently, a reagent that well regulates cell death and prolif-
eration would be of practical values in better management of
skin wounds.

Multiple molecular factors involve in skin wound healing,
of which the signal transduction pathways mediated by
Smad/TGFp (10,11) and STAT3 (11,12) play active roles
through initiating or upregulating the expression of a series of
growth-promoting genes including anti-apoptotic genes such
as Survivin and Bcl-2 (13). It has been recognized that the
biological effects of Bcl-2 can be enhanced via interaction with
BAG3 (BCL2-associated athanogene 3) (14-16). For instance,
combined inhibition of Bcl-2 and BAG3 overcomes apop-
totic resistance in glioblastoma in vitro and in vivo (15) and
significant decrease of BAG3 expression leads cardiac cells to
apoptosis (17). On the other hand, BAG3 promotes autophagy
through interacting with autophagy-associated protein Beclin
1 (18) because an increased level of BAG3 results in stimulation
of autophagy in glioblastoma cells (19). Although extensive
cell turnover including apoptosis and autophagy occurs in the
skin wound tissues, the involvement and potential role(s) of
BAGS3 in stepwise wound healing remains unknown.

Ithas long been recognized that maggot can be used to accel-
erate skin wound healing in the manners of eating unhealthy
tissues and secreting/eliminating the bioactive products (20,21).
Our recent results demonstrate that the extract isolated from
maggots without secretion and elimination efficiently shortens
the wound closure time by enhancing Smad2/TGFp and
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STAT3 signaling activities, respectively (22). Because Bcl-2 is
one of the downstream effector of STAT3 signaling (23) and its
function is enhanced by associating with BAG3 co-chaperone
protein (24,25), BAG3 expression pattern in wound tissue may
be altered by maggot extract and may functionally influence
the apoptotic pathway and autophagy-promoting activity of
Beclin 1 in the post-trauma regenerating tissues. To address
these issues, BAG3, BCL-2, Beclin 1 and LC3 levels in rat skin
wound tissues without and with maggot extract treatment are
analyzed and their relevance with the rates of wound healing
and cell proliferation are evaluated.

Materials and methods

Maggot extract preparation. The maintenance of Lcuprina
blowflies and their larvae, the ways of maggot collection and
treatment and the method for maggot extract preparation were
conducted in the manners described elsewhere (22). We found
that the full maggot extract (tissue lysate + excretion/secretion)
exerted the best repair promoting effects on wound tissues
in comparison with that of the mixture of excretion/secre-
tion (ES) and the tissue lysate prepared from the maggots after
excretion and secretion and the optimal working concentra-
tion was 150 ug/ml (22). Therefore, the vaseline-diluted full
maggot extracts in the concentration of 150 yg/ml was adopted
to dress the wound beds.

Statement of assurance of proper animal experiments. The
protocol of animal study was designed in compliance with
the National Research Council's criteria for humane care as
outlined in ‘Guide for the Care and Use of Laboratory Animals’
prepared by the Institute of Laboratory Animal Resources
and published by the National Institutes of Health (NTH
Publication No. 86-23, Revised 1985). Before conducting the
experiments, the contents of the present study were reviewed
and approved by the ethical and animal warfare committee
of Dalian Medical University. During the experiments, all
animals received humane care. When the experiments were
finished, they were returned to the institutional animal center
without sacrificing.

Rat wound model. After getting the permission to conduct the
animal experiment from Institutional Ethics Committee and
the Committee on Research Animal Care of Dalian Medical
University, sixteen 10-week old male Sprague Dawley
rats were provided by the Experimental Animal Center
of Dalian Medical University and reared under specific
pathogen-free/SPF condition. The rats were anaesthetized
with 12 mg/kg xylazine via intraperitoneal injection. A pair
of 2 cm diameter round open wounds down to the muscle
fascia was made on the left for the purposes of sequential
biopsy and on the right flanks for wound area measurement,
respectively (26). The animals were randomly divided into
two experimental groups of 8 animals/group as Group 1 (G1):
Dressed with vaseline only as untreated control; G2: Treated
with a mixture of vaseline and 150 pg/ml full maggot extract
(without excretion and secretion). The treatments lasted
for 16 days by daily dressing the reagents. The margins of
individual wounds were outlined in regular changed red and
black colors at day 1, 3,4, 6, 8, 10, 12, 14 and 16 by directly
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placing a transparency model sheet on the wounds on the
right flanks (12). The areas enclosed by the traced wound
margins of the two experimental groups were calculated by
Digital-transparency wound area measurement (12). The
animal experiments were restrictively followed the guide-
lines of the Association for Assessment and Accreditation
of Laboratory Animal Care, International and repeated for
three times for establishing statistical significance.

Wound tissue biopsy. The tissues in the size of 0.3x0.3x0.2 cm
were biopsied from the margins and beds of the wounds on
the left flanks at the post-trauma times of day 1, day 4, day 7,
day 12 and, if available, day 16 or day 3, day 5, day 9 and, if
available, day 14. The biopsy was sequentially conducted at
the 3, 6,9 and 12 o'clock positions of the round wounds. The
collected tissues were snap frozen in liquid nitrogen and stored
at -80°C until use. The frozen tissues were vertically sectioned
in 5 mm thickness into 80-100 pieces which were immediately
put into 40 ul cell lysate buffer for protein isolation (27). The
remaining parts of the sample tissues were sectioned in 7 ym
thickness for histological and immunohistochemical staining.

TUNEL apoptosis assay. Terminal deoxynucleotide transferase
(TdT)-mediated dUTP-biotin nick-end labeling (TUNEL)
assay was employed to detect apoptotic cells according to
producer's instructions (Promega Corp., Madison, WI, USA).
Briefly, the tissue samples were pre-incubated with 3% bovine
serum albumin (BSA) in PBS for 30 min at RT to prevent
nonspecific labeling and then incubated for 1 h at 37°C in
a humid chamber with the TUNEL mixture containing 0.13
5 Uipl calf thymus TdT. After three 5 min washes with PBS at
room temperature, 100 ul anti-FITC-AP conj. was applied on
each sample for 30 min at 37°C. After resaturation in blocking
reagent, the tissues were treated for 1 hr at room temperature
with a 1:120 diluted peroxidase-labeled anti-digoxigenin sheep
Fab fragment, followed by 0.05% 3,3'-diaminobenzidine tetra-
hydrochloride (DAB) color reaction.

Immunohistochemical staining. The statuses of BAG3,
Bcl-2, Beclin 1 and LC3 expression in the wound tissues
were analyzed immunohistochemical staining by the method
described elsewhere (28). The antibodies against those target
proteins were purchased from Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA. Color reaction was developed using 3,
3'-diaminobenzidine tetrahydrochloride (DAB). The samples
without first antibody incubation were cited as negative control.

Western blot analysis. To validate the immunohistochemical
results, total cellular proteins were prepared from the
wound tissues without and with maggot extract treatment
by the method described elsewhere (12). The sample
proteins (50 ug/lane) were separated in 10% sodium
dodecylsulfate-polyacrylamide gel electrophoresis and
transferred to polyvinylidene difluoride membrane
(Amersham, Buckinghamshire, UK). The membrane
was blocked with 5% skimmed milk in TBS-T (10 mM
Tris-HCI, pH 8.0, 150 mM NaCl and 0.5% Tween 20) at
4°C, rinsed 10 min for three times with TBS-T, followed by
3 h incubation at room temperature with the first antibody
and then 1 h incubation with HRP-conjugated anti-mouse
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or anti-rabbit IgG (Zymed Lab, Inc., San Francisco, CA,
USA). The bound antibody was detected using the enhanced
chemiluminescence system (Roche GmbH, Mannheim,
Germany). After removing the labeling signal by incubation
with stripping buffer, the membrane was reprobed with
other antibodies one by one until all of the parameters were
examined. The parameters checked are in parallel with that
of immunohistochemical staining. The results of western
blotting were quantified by densitometry analysis, using
Quantity One software according to producer's instruction
(Bio-Rad Lab., Berkeley, CA, USA). f-actin bands of
individual samples were cited as internal quantitative control.

Statistical analysis. The wound healing statuses of individual
experimental groups at different tracing times and MTT
data were evaluated by the independent-samples t-test and
one-way ANOVA methods with SPSS 11.5 software (SPSS
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

Maggot extract promoted wound healing. All together,
72 pieces of tracing message were collected from 8§ open
skin wounds at 9 time points in the control and 58 pieces
from the experimental group respectively, which were totally
documented in one transparency model sheet (Fig. 1A). The
repairing rates of the skin wounds without and with maggot
extract treatments were sequentially evaluated by transparency
tracing-digital calculation method (12). As shown in Fig. 1B,
the average unrepaired areas of group 1 dressed only with
vaseline were larger than that of group 2 treated by maggot
extract at any observation time points (P<0.05; t-test). Two of
eight wounds in group 2 completely closed at day 12, four at
day 14 and the last two at day 16; in contrast, all eight wounds
in group 1 remained open at day 16 (Fig. 1A).

No effect of maggot extract on TUNEL-negative cell death.
Distinct cell death was observed in the wound tissues biop-
sied at the next two days (day 1 and day 2), which became
attenuate at day 3 after the trauma irrespective to maggot
extract treatment (Fig. 2A). To scrutinize the feature of the cell
death, TUNEL assay was performed on those tissues, which
revealed the rarity of TUNEL-positive cells in the regions
with extensive cell death at the early wound stage (Fig. 2A).

Maggot extract reduced apoptosis in wound tissues. As
shown in Fig. 2B, the dead cells in small sizes were common
in the wound beds. TUNEL-positive cells (insets in Fig. 2B)
were more frequently observed in the control group from
day 3 in the average apoptosis rate of 47/vision field (X 40),
became most remarkable at day 6 (56/vision field) and
subsided thereafter in the time related fashion (Fig. 2C).
The incidence of apoptotic cells were lesser common in the
wound tissues treated by maggot extract at the corresponding
time points (P<0.05) and became uncommon after day 9 of
the trauma.

Maggot extract-enhanced BAG3 and Bcl-2 expression.
The results of immunohistochemical staining (Fig. 3A)
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Figure 1. Evaluation of wound healing-promoting efficacy of maggot extract
(150 pg/ml) (A). Representative transparency model sheet with complete
traced massage of individual wound margins at nine observation time points
(days 1, 3,4,6,7,10, 12, 14 and 16) after one of the three round experi-
ments. Group 1: The wounds addressed with Vaseline only; group 2: The
wounds treated by the extracts from the maggots without excretion/secretion.
Arrow indicates the tracing message in higher magnification (B). Average
repairing rates according to area calculation performed on the transparency
tracings marked out from the wounds of the two experimental groups (n=8
wounds/group X 3) at nine observation times.

demonstrated that the level of BAG3 was expressed in low
levels in the wound tissues of the control group, which was
increased in maggot extract treated tissues. The immunohis-
tochemical staining pattern of Bcl-2 was similar with that of
BAG3 in terms of its elevated level after maggot extract treat-
ment, especially at day 5. The results of western blotting for
BAG3 and Bcl-2 were in accordance with that of immunohis-
tochemical staining, showing increased production of BAG3
and Bcl-2 proteins in maggot extract treated tissues (Fig. 3B).

Beclin 1 and LC3 upregulation in extract-treated wound
tissues. As shown in Fig. 3A and B, Beclin 1 was weakly
expressed in the wound tissues and was upregulated following
maggot extract treatment especially in the first week after
the trauma. LC3 as another autophagy-associated factor was
upregulated as well in the extract-treated wound tissues in the
pattern as similar as Beclin 1. Western blotting demonstrated
two LC3 bands in the molecular weights about 18 kDa and
16 kDa, indicating the presence of the original (type-I) and
enzymaticaly cleaved active form (type-II) of LC3 protein. The
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Figure 2. Effects of maggot extract on the cell death in the wound regions (A).
No effect of maggot extract on TUNEL-negative cell death starting at day 1
and last to day 3 in the wound regions. The insets show that TUNEL-positive
cells are rare in the wound tissues treated with vaseline and maggot extract
(M.E.) (B). Comparison of the detection frequencies of TUNEL-positive cells
in the wound tissues without (Vaseline) and with maggot extract treatment
(M.E)) at day 5 after the trauma. Distinct difference of apoptosis indexes
between the wound tissues of the two experimental groups. *, with statistical
significance (P<0.05).
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fraction of LC3 II was increased in the maggot extract-treated
samples, especially those collected at day 3, day 5 and day 8
time points (Fig. 3B).

Discussion

Acute and chronic skin wounds are the common injuries in
clinics and the aim of their treatments is to reduce patients'
suffering through promoting the reconstruction of damaged
tissues (29). Wound healing is stepwise processes with closely
orchestrated biochemical events/cascades (30) in which the
damaged or unhealthy cells are removed in the forms of
necrosis and/or apoptosis, accompanied with the repair of lost
tissues via active proliferation of the intact cell components.
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Figure 3. BAG3, Bcl-2, Beclin 1 and LC 3 expression in the wound tissues
treated by vaseline only and maggot extract at the time points of day 3, day 5
and day 8 (n=8 wounds/group X 3) (A). Immunohistochemical demonstration
of BAG3, Bcl-2, Beclin 1 and LC 3 expression in the wound tissues treated by
vaseline only (Vaseline) and maggot extract (M.E.). Enhanced expression of
those genes is found in the maggot extract treated tissues. The corresponding
tissue sections without 1st antibody incubation were used as negative controls
(-) (B). Western blotting combined with grayscale analyses for BAG3, Bcl-2,
Beclin 1 and LC3 expression and fractionation of LC3-I (18 kDa) and LC3-I1
(16 kDa) in the wound tissues without (Vaseline) and with maggot extract
treatment (M.E.).

Apparently, a well balanced cell loss and gain is essential
for normal wound healing. Because the full maggot extract
efficiently shortens the tissue closure time of rat skin wounds,
we speculate that this natural bioactive mixture may also
exert certain impact(s) on the cell death and maintenance in
the wound tissues, although the effective components in the
extract remain to be identified. Addressing these issues would
provide further evidence for the practical use of maggot extract
in the skin wound managements.

In the acute wound tissues, two types of cell death can
be observed, they are, as demonstrated in the present study,
necrosis due to cell damage and apoptosis induced by death
signal-activated intrinsic suicide program (31). Although
maggot extract shortens the wound closing time by promoting
cell growth (12), it fails to rescue the cells from necrosis at the
early days of skin damage, suggesting that this type of cell
death is caused by direct physical damage or severe ischemia



status (32) and is therefore unavoidable and irreversible.
On the other hand, maggot extract effectively decrease the
incidences of TUNEL-positive cells especially at the prolif-
eration phase, indicating the reduced apoptotic pressure and
enhanced anti-apoptosis activities in its treated wound tissues.
Alternatively, the expression of anti-apoptosis factors may be
upregulated by maggot extract, which prevent the cells from
apoptosis through improving cell maintenance environment in
the wound tissues and/or blocking the intracellular cascade of
death signal transduction.

Many factors in the wound tissues can trigger the
programmed cell death, of which cytochrome C and ROS
released from mitochondrium are important death signals (33).
Bax and Bak are pro-apoptosis proteins, which cause the
increased permeability of mitochondrial membrane (34).
Therefore, an inhibitor that suppresses Bax and Bak actions
can stabilize the permeability of mitochondrial membrane
and prevent the initiation of suicide program in the stressed
cells. Bcl-2 is such inhibitor, because it is localized to the
outer membrane of mitochondria, where it inhibits the apop-
tosis-promoting effects of Bak and Bax and sequesters the
procaspases 8 and 9 (35,36). BAG3 is another apoptosis-preven-
tive protein and its knockdown leads to apoptosis-associated
lower leg venous ulcers (25). Interestingly, BAG3 synergizes
the anti-apoptotic effect of Bcl-2 (37). However, the statuses
of Bcl-2 and BAG3, their impacts on apoptotic activity
in wound tissues and their relevance with maggot extract
promoted wound healing remain largely unknown. Our results
demonstrate the upregulated BAG3 and Bcl-2 expression
accompanied with reduction of apoptotic incidence in maggot
extract treated tissues, suggesting the involvement of BAG3
and Bcl-2 in maggot extract inhibited apoptosis. It would also
be possible that, in additional to improving cell proliferation
environment, maggot extract inhibits apoptosis during wound
healing through upregulating BAG3 and Bcl 2 expression.
These findings further prove the efficacy of maggot extract
in the treatment of skin wounds from the aspect of apoptosis
regulation.

Autophagy is an adaptive response to environmental
stresses including nutrient starvation due to tissue destruc-
tion or blood shortage (38,39). Autophagic activity is closely
associated with the levels of Beclin 1 expression and LC3 II
generated by enzymatic cleavage (40). Increasing evidence
reveals that BAG3 promotes autophagy via association with
Beclin 1 (24,41). However, no report has been so far available
concerning the status of autophagy in acute skin wounds and
its relevance to maggot extract promoted wound healing.
We find that Beclin 1 and LC3 II production is increased in
maggot extract treated tissues. Importantly, the cells with
enhanced Beclin 1 and LC3 co-labeling are abundant in the
tissues with reduced apoptotic incidence and BAG3 upregula-
tion. These phenomena provide a cue to elucidate the potential
cell protective effects of autophagy in the wound tissues to
overcome nutrient shortage before the nutritional system has
not been re-established in the regenerating tissues. The reduc-
tion of Beclin 1 and LC3 expression in the later stage of wound
healing would support this notion. In this context, maggot
extract regulated autophagic activity in the wound healing
processes may be an attempt to prevent the intact cells from
apoptosis rather than an additional cause of death.
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Taken together, the results of the present study show
remarkable apoptosis and low autophagy activity in the early
stage of acute skin wound healing. Maggot extract, though
failing to inhibit necrosis, efficiently facilitates wound closure
and reduces the extent of apoptosis presumably through
upregulating Bacl-2 expression. The elevated Beclin 1 expres-
sion and LC3 II fraction in maggot extract treated wound
tissues indicate the enhanced autophagic activity. BAG3 is
up-regulated by maggot extract, which may exert anti-apop-
totic and autophagic effects in the wound tissues by interaction
with Bcl-2 and Beclin 1, respectively. The above findings thus
provide further cellular and molecular evidence for the effec-
tiveness of maggot extract in local care of skin wounds. The
above conclusion would be further strengthened by an experi-
ment in which larvae are applied to the animal wound healing
model mimicking a clinical treatment, followed by assessment
of the parameters checked in the present study.
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