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ABSTRACT

PURPOSE: To investigate the changes induced by DisBa-01 on repair of wound healing after induced incisional hernia (IH) in rats.
METHODS: Thirty two male albino rats were submitted to IH and divided into four experimental groups: G1, placebo control; G2,
DisBa-01-treated; G3, anti-o, B, antibodies-treated and G4, anti-a, antibodies-treated. Histological, biochemical and extracellular matrix
remodeling analysis of abdominal wall were evaluated.

RESULTS: After 14 days, 100% of the G2 did not present hernia, and the hernia ring was closed by a thin membrane. In contrast, all
groups maintained incisional hernia. DisBa-01 also increased the number macrophages and fibroblasts and induced the formation of new
vessels. Additionally, MMP-2 was strongly activated only in G2 (p<0.05). Anti- o, B,-integrin antibodies produced similar results than
DisBa-01 but not anti-a, integrin blocking antibodies.

CONCLUSION: DisBa-01 has an important role in the control of wound healing and the blocking of this integrin may be an interesting
therapeutically strategy in incisional hernia.
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Introduction

Incisional hernias (IH) are usually found as a complication
of about 11% of abdominal wall closures. Approximately 200.000
IH are repaired in the USA each year. Mechanical advances in mesh,
suture material and closure techniques did not reduce the high rate
of this complicatio'?. Therefore, IH is considered a connective
tissue disease characterized by defective wound healing process?®.

The distinct phases of wound healing process are well
described and include local hemorrhage with extravasation of
platelets and platelet-derived growth factors such as PDGF (platelet
derived growth factor) and EGF (epidermal growth factor). These
mitogens stimulate FGF-7 (fibroblast growth factor-7) expression
by fibroblasts. In addition, invading neutrophils and macrophages
will secrete several proinflammatory cytokines and growth factors
resulting in angiogenesis and fibroplasia. These events will
culminate with the synthesis of a provisional matrix that must be
able to support the biomechanical forces of the abdominal wall?.

IH is believed to be due to a combination of biomechanical
and biochemical failures of the fascial wound after chirurgical
procedures. Biomechanical failure may happen early during the
post-operative period when the wound depends on the suture
quality and integrity to support the increasing demands during the
recovery period. On the other hand, abnormal collagen metabolism
has also been correlated to the incidence of IH. A significant
decrease in the ratio of collagen I to collagen III (coll I/ITI) is
implicated in modifications of structural integrity and mechanical
stability of the connective tissue in experimental hernias*.

Matrix metalopeptidases (MMPs) were also suggested to
have an important role in the pathogenesis of IH. MMPs comprise
a family of enzymes that play a central role in extracellular matrix
(ECM) turnover and remodeling®’. MMPs are zinc and calcium
dependent enzymes, synthesized as zymogens in connective tissue.
Under normal conditions, MMPs are present at low levels, usually
in the latent form, and are responsible for normal physiological
tissue turnover®'°. In pathological conditions, there is an imbalance
between the synthesis and degradation of matrix leading to
net tissue degradation. After injury, proteolysis is required to
remove the damaged matrix and to help the synthesis of the new
healing tissue. An increase in net MMP activity indicates matrix
degradation as well as tissue repair, and so it is needed for the
remodeling process in wound healin''2. Despite the importance of
MMPs in the wound healing process, the role of these enzymes in
IH repair is not well understood. MMP-1 and MMP-13 were not
different in patients with inguinal hernia and the controls* and the

expression of MMP-2 was demonstrated to be dependent on the

wound healing after induction of incisional hernia in rats

mesh material. However, a correlation between the ratios of coll
I/III and levels of MMP-2 activity remains to be determined yet.
The role of adhesion receptors such as the integrins in the
progression of IH has not been deeply addressed yet. Integrins are
heterodimeric transmembrane proteins, which connect the ECM
components and the cell cytoskeleton'®. Cell adhesion to the ECM may
be mediated by binding of integrin to an integrin-recognition RGD
motif found in some ECM components such as fibronectin, vitronectin

and fibrinogen'*. The o, is required for keratinocyte adhesion to

1
collagen I for proper healing of epidermis®. The o, 3, integrin is over
expressed in several cell types involved in wound healing such as
platelets, endothelial cells, macrophages and fibroblasts. Antibody
inhibition of o, 3, integrin decreased the migration of these cells and
angiogenesis as well at the wound site'®"”. However, B, -integrin
deficient mice showed accelerated re-epithelialization associated
with enhanced TGF-, signaling'®. These results suggest that the a. B,
integrin controls the rate of wound repair, and, therefore, it could be a
target for new wound healing therapies.

Exogenous proteins having the RGD motif such as the
disintegrins, may also bind to integrins and block their functions.
Disintegrins are small proteins isolated from snake venom, usually
derived by proteolysis of precursors having metalloprotease activity.
Disintegrins having the RGD motif are very potent inhibitors of
platelet aggregation by acting as antagonists of the fibrinogen binding
to its platelet receptor, the o f3, integrin'*?'. Some RGD-disintegrins
also bind to a,b  integrin and inhibit cell adhesion to fibronectin as
well as the downstream intracellular signaling events such as a
phosphorylation cascade**?. Therefore, disintegrins have been used
as prototypes for drug design of new therapies targeting the integrins.

We have recently reported the production and isolation of a
novel recombinant RGD disintegrin, DisBa-01 (Genbank accession
no. AY259516) from the Brazilian snake Bothrops alternatus™.
DisBa-01 is a 78-residue protein with an RGD adhesive motif. The
recombinant protein is fused with a His Tag and has a molecular
weight of 11,637 Da deduced by mass spectrometry. In silico studies
predicted the preferential interaction of the toxin with f, integrins
and biospecific interaction analysis confirmed the specific binding of
DisBa-01 to immobilized purified o, B, integrin in a dose dependent
manner®. DisBa-01 inhibited o, B,-dependent cell adhesion in vitro
and potently inhibited angiogenesis and metastasis in vivo.

The present study was designed to determine the
histological, biochemical and extracellular matrix remodeling
analysis of abdominal wall induced by DisBa-01 on wound healing
after incisional hernia in rats. The hypothesis is that the DisBa-01
would be helpful in the tissue repair by the blockage of the o B,
integrin and increasing MMP-2 activity and tissue remodeling.
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Methods

All animal procedures were performed in accordance
with the Council for International Organization of Medical
Sciences (CIOMS) ethical code for animal experimentation®.
The experimental procedures were also approved by the Ethics
Committee in Animal Research of Federal University of Sao
Carlos (protocol number 001/2008).

Thirty two male rats (Wistar, Rattus novergicus albinus,
+ 250g) were grouped in plastic cages at room temperature
and allowed to food and water ad libitum. Rats were randomly
distributed into four experimental groups: G1, placebo control; G2,
DisBa-01-treated; G3, animals treated with anti-a 3, antibodies
(MAB1976, CHEMICON, USA); and G4, animals treated with
anti-a, antibodies (MAB1233, B&D, USA).

DisBa-01 expression, purification and characterization

Recombinant DisBa-01 was produced from the mRNA
fraction purified from the venom gland of a Bothrops alternatus
specimen as recently described*. The coding region corresponds
to a medium disintegrin (78 amino acid residues) with an RGD
adhesive motif. The His-Tag fusion protein produced in E. coli is a

12 kDa protein as estimated by mass spectrometry and SDS-PAGE.
Incisional hernia model
The experimental TH model was made as previously

described!

anaesthetized and the abdomen was trichotomized and cleaned

with minor modifications as follows. Rats were
with alcohol. A ventral midline incision muscle and peritoneum
was made from just below the level of the rib cage, extending
approximately 15 mm distally. Skin was elevated and retracted
to allow access to a site at the mid-lateral aspect of the caudal
peritoneal wall. Using a template, a 3 X 0.5 cm piece of peritoneal

wall was excised to leave the peritoneum intact.
Experimental procedures

Subsequently, animals of G1 group received placebo
(PBS); G2 group were treated with topical application of 1.0 ml
DisBa-01 PBS sterile solution (0.5mg/Kg), G3 treated with anti-
a B, antibodies (7ug/ml) and G4 treated with anti-o, antibodies
(10pg/ml). The cutaneus incision was sutured across the wound
with catgut 3-0 placed about 1 cm apart. The animals were replaced

to the cages and observed until completely recovered.
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Tissue preparation and histology

After 14 days of postoperative animals were killed and
fragments of tissues were removed from the abdominal muscle and
lesion areas for histological analysis. Fragments were divided in two
parts. The upper part of the samples were frozen in liquid nitrogen
and stored at -80°C for later activity assays. The remaining of tissue
samples were fixed in buffered paraformaldehyde (4%), embedded in
paraffin, sectioned (5 pm thick) and stained with hematoxilin-eosin
(H&E), reticulin and Masson’s trichome. Three non-consecutive
digital images per animal were acquired with a SV Micro Sound
Vision camera and an Olympus BX51 epifiuorescence microscope
and used for cell counting in a test frame area of 0.0625mm? equipped
with a SPOT RT slider chilled charge-coupled device digital camera
(Diagnostic Instruments, Sterling Heights, MI). Semi-quantitative
analysis included quantification of inflammatory cells, neo-
vascularisation and cellular density (non-inflammatory host cells,
mainly fibroblasts). A minimum of seven fields per slide were counted
at an objective magnification of x40. Fields were randomly selected
within the surrounding host tissue. For descriptive purposes, a semi-
quantitative histological scoring criterion was generated”’.

Collagen determination: Tissue samples were fixed in
buffered paraformaldehyde (4%), embedded in paraffin, sectioned
(5 pum thick) and stained with 0.025 toluidine-blue aqueous
solution at pH 4.0. Three non-consecutive digital images (x40
magnification) per animal were photographed with a Nikon
Eclipse E-400 photomicroscope and used for collagen counting in
a test frame area of 0.0625 mm?%,

Protein extraction and analysis: Tissue samples were
prepared for protein analysis by SDSPAGE and N-terminal
sequencing. Samples were dissolved in extraction buffer (4M
guanidine chloride, 50mM sodium acetate, S0OmM EDTA and ImM
PMSF) for 24h at 4°C. After, protein content was precipitated with
IM acetate-ethanol buffer, pH7.4, centrifuged at 8.000 x g and the
pellet was dried before being dissolved in sample buffer. Samples
were resolved in a 10% polyacrylamide gel and stained with
Coomassie Blue. Alternatively, after running, protein bands were
transferred to a PVDF membrane, stained and cut for N-terminal
sequencing in a PPSQ 23 A Protein Sequencer (Shimadzu, Japan).

Gelatin zymography: The tissue samples were treated as
previously described for muscle extracts?’. Tissues were homogenized
and incubated in 0.5 ml of extraction buffer (10Mm cacodylic acid
pH 5.0; 0.15M NaCl; 1uM ZnCl,, 20mM CaCl,, 1.5mM NaN,;
0.01% Triton X-100 [v/v]), at 4°C for 24 hours. After this period the
solution was centrifuged (10 min., 13.000x g at 4°C), and the pH of
the supernatant was adjusted to 7.4 with 0.5 M NaOH. Control and
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DisBa01 group’s samples were concentrated in order to load 10 pg
of protein, whereas the samples of anti-o, B, and anti-a, groups were
concentrated in 2 ug of total protein. The samples were applied on
a SDS-10% polyacrylamide gels prepared with 1mg/mL gelatin in
the presence of sodium dodecyl sulfate under nonreducing conditions.
After electrophoresis, the gels were washed twice for 20 minina 2.5%
of Triton X-100 solution to remove SDS and incubated in substrate
buffer (50mM Tris-HCI pH 8.0; SmM of CaCl, and 0.02% NaN,)
at 37°C for 20 h. Gels were stained with Coomassie Brilliant Blue
for 1.5h and destained with acetic acid:metanol:water (1:4:5; v:v:v).
All samples were evaluated in triplicate, to guarantee the precision
and linearity of the analysis and each sample was normalized for the
total amount of protein included. Gelatinase activity was visualized
as clear bands in the stained gel. The gels were photographed with a
Canon G6 Power Shot 7.1 mega pixels camera (Virginia, USA). The
averages of band intensity were measured using Gene Tools software
(Syngene, Cambridge, UK). Data are expressed as concentration of
MMP-2 (i.e. the totality of arbitrary unit for the MMP-2 intermediate

and active forms) and MMP-2 active form.
Statistical analysis

Results were presented as mean = 1SE. Kolmogorov —

AN N

wound healing after induction of incisional hernia in rats

Smirnov and Levene’s tests were used to analyze the normality
and homogeneity of variance. Student’s t test was performed to
analyze differences between control and DisBa-01 groups. For all
comparisons, statistical significance was considered at a 5% level
(p<0.05).

Results

After the experimental procedure, the progression of
IH was followed by daily animal observation up to day 14, as
shown in Figure 1A. After this time period all control animals
developed IH, which was also demonstrated by the persistency
of the herniation ring (Figure 1B). In contrast, in all DisBa-
01-treated animals there was no evidence of IH. Instead, a thin
membrane completely closed the hernia ring, which avoided the
IH (Figure 1C). The presence of adherences was observed in this
group but not in the controls. Interestingly, animals that were
treated with anti-a B, antibodies presented similar results (Figure
1D-E). The hernia ring was almost closed by a fibrotic tissue and
muscle retraction (Figure 1F). Adherences were also observed.
In contrast, in the animals treated with anti-a, antibodies the
progression of IH was observed, as well as the presences of

adherences (not shown).

oy |

FIGURE 1 - Prevention of incisional hernia by DisBa-01 in the post-operative day 14. (A) Incisional hernia developed (100% control animals) after
14 days. (B) Presence of opened hernia ring in control group. (C) Presence of membrane occluding the hernia ring in DisBa-01 group. (D-F) It is
observed in the anti- o, 3, group: Adhesions between the abdominal subcutaneous tissue and muscle (D); Retraction and fibrosis in abdominal muscle
(E); Partial occlusion of hernia ring.
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Histological analysis showed that DisBa-01 at day increased the number of new vessels in the injured area
14 significantly increased the number of mononuclear cells (Figure 2D) but not the number of polimorphonuclear cells
(Figure 2A), as well as the fibroblasts density (Figure 2B), (Figure 2C).
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FIGURE 2 - Significant increase of mononuclear cells (A), fibroblasts (B), polimorfonuclear cells (C), and vascular proliferation (D) induced by
DisBa-01 after the postoperative day 14 (*p<0.05). Cells were counted in HE-stained slides of lesion tissue.

Morphometrical Masson's trichome analysis of stained collagen (Figure 3A-C).

sections demonstrated that this disintegrin increased the content of
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FIGURE 3 - The collagen density increased in G2 group treated with DisBa-01 (p<0.05) compared with G1 group (control) (A); Photomicrographs
of the tissue on the 14th day after induction of incisional hernia at G1 group (B) and G2 group treated with DisBa-01 (C) (Toluidine Blue, x40
magnification). Arrows indicate collagen fibers formed in the regenerating 14 days after injury. UA: Arbitrary Unit. Scale bar = x100.
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In parallel, DisBa-01 strongly activated MMP-2 activity as
demonstrated by gelatin zymography gels (Figure 4A-B). Activity
bands corresponding to the pro-enzyme, intermediate and active

enzyme were observed. Bands corresponding to the active form were
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quantified by densitometry (Figure 4B). In contrast, only traces of
activity, corresponding to the intermediate band, were found for the
controls (Figure 4A). Interestingly, animal treatment with anti-o 3,
and anti-o,, antibodies also strongly activated MMP-2 (Figure 4C-D).
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FIGURE 4 - Significant increase of MMP-2 induced by DisBa-01 after postoperative day 14. (A) Proteolytic activity in abdominal muscle extract by
zymography. (B) Intensity of active MMP-2 band in arbitrary units. (*p<0.05; 10 pg protein loaded on gels). C and D, the same for tissues from animals

treated with anti-integrin antibodies (2 pg protein loaded on gels).

Discussion

The knowledge of the molecular mechanisms of
herniation is important for diagnostic improvement, prognostic
definition and hernia prevention. Connective tissue disorders
involved in herniation are probably responsible for failed wound
healing?. The development of new techniques for IH prevention
included the direct application of a growth factor. TGF-, was
either directly applied on the incision or immobilized in a mesh
for delayed delivery®, both with good results. TGF-p, stimulated
macrophage and fibroblast chemotaxis as well as an increase in
collagen production. b-FGF immobilized in a polygalactone rod
polymer was very effective in prevention of IH development'.

On the other hand, TGF-B, did not increase the tensile strength.
Searches for new strategies for IH prevention would help to avoid
this common surgical complication.

The experimental model of IH used here was 100%
efficient since all control animals developed herniation after the
experimental period. Dubay ef al.! reported an incidence of 80% of
IH in a very similar model but the observation was made at day 28
which could explain the difference between our results. In addition
to hernia ring closure, DisBa-01 stimulated macrophage and
fibroblast migration, which probably secrete a set of growth factors
that would improve the wound healing process. The latter cells are
probably responsible for the synthesis of the membrane that closed

the hernia. Despite the presence of collagen I in this membrane,
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as confirmed by SDS-PAGE and N-terminal sequencing, other
components of lower molecular mass could be found suggesting
that collagen was not the predominant component. These results
are in agreement with the observation that tissue from DisBa-01-
treated animals had lower levels of collagen on the trichrome-
stained sections. However, the identity of the other membrane
components remains to be determined in the future.

Apparently, DisBa-01 stimulated angiogenesis at the
wound site, probably by the higher number of fibroblasts which
would secrete angiogenic growth factors such as VEGF and FGF*.
Interestingly, we previously shown that DisBa-01 was shown to
inhibit the angiogenic effect of B-FGF in the matrigel model in
nude mice?. This apparent controversy could be explained by the
fact that the matrigel model is made in athymic mice which have
impaired immunological response. In normal rats, DisBa-01 could
induce migration of macrophages and fibroblasts that in turn would
secrete the growth factors responsible for the angiogenic effect.
Since fibroblasts are key cells in the wound healing process, the
chemotatic effect of DisBa-01 on these cells would significantly
increase tissue repair.

Interestingly, it has been demonstrated that low
of ADAMTSI, a with

disintegrin and thrombospondin motifs, stimulate fibroblast and

concentrations metalloprotease
endothelial cell migration in healing skin wounds?'. However,
in higher concentrations this effect is inhibited due to FGF-
2 binding and excessive proteolysis. It is suggested that this
protein would have a role in the regulation of bioavailability of
growth factors and their diffusion into the granulation tissue.
However, the role of the adhesive domains in these activities
has not been addressed yet.

One of the most striking observations in the present study
was the strong activation of MMP-2 in DisBa-01 treated animals
thus suggesting accelerated tissue remodeling. Under normal
physiological conditions, MMP activity is precisely controlled
at the levels of transcription, activation of precursor zymogens,
binding to ECM components and inhibition by endogenous
inhibitors such as the TIMPs and RECKS?. When activated,
MMPs can degrade ECM components with the subsequent release
of growth factors, including those involved in angiogenesis®.
These enzymes may also participate in the shedding of cell
receptors therefore regulating cell activity. MMP-2 may be also
activated by collagen I and fibronectin. Interestingly, fibroblasts
from patients with recurrent IH presented lower levels of MMP-2
activity in the presence of mesh biomaterials®~.

In addition, a close association between MMP-2 and a. f3,
integrin has been suggested. Both MMP-2 and MMP-9 localize to
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the membrane by binding to a f, integrin and CD44, respectively™.
Also, the a f, integrin selectively suppressed the collagen I-induced
MMP-2 activation in vitro and in vivo®*. MMP-2 activation by
fibrillar collagen was reduced in b,- overexpressing cell lines and
in human breast cancer cells®*. However, the molecular mechanism
of this inhibition is not completely understood yet.

The current study provides additional evidence for the
inhibitory effect of a f, integrin on MMP-2 activation by collagen
L. DisBa-01 antagonizes a f, integrin, which could release pro-
MMP-2 to be activated by collagen I. This observation may
explain the strong MMP-2 activity seen in the zymography gels.
This high level of MMP-2 activity could in turn explain the higher
collagen content in the tissue from DisBa-01-treated animals,
which indicates an accelerated tissue remodeling.

This hypothesis was also confirmed by experiments with
anti- o 3, antibodies, which produced similar results, although
significant differences were also observed. The hernia ring was
almost closed but there was no formation of membrane; instead,
muscle retraction occluded the area. Conversely, antibodies to
the a, integrin produced results that were similar to the controls,
with evident progression of IH. These results strengthen our
data on the DisBa-01 specific effect on o, B, integrin. In addition,
MMP-2 was also strongly activated in the animals from both
antibodies-treated animals. These results are in agreement with
previous demonstration that o B,-integrin binding by blocking
antibodies increased secretion of MMP-2%. Collectively, our
results demonstrate, for the first time, that o, B, integrin blocking
by an RGD disintegrin may be very helpful in prevention of IH,
by attracting macrophages and fibroblasts, increasing MMP-2
activity and tissue remodeling.

The data presented in this manuscript expand the current
understanding of the DisBa-01 effects on surgical wound repair
following IH. However, future studies addressing the contribution
of this blocking o, B, integrin in different phases of wound healing
deserves to be analyzed. For this reason, this investigation is also
limited by nature of the 14-day survival time course studied.
In addition, dose-response deserves to be investigated in future
trials. Finally, DisBa-01 application may be extended in the future
for other clinical situations in tissues with relatively poor blood

supply such as fractured bone healing and tendon repair.
Conclusion
DisBa-01 has an important role in the control of wound

healing and the blocking of this integrin may be an interesting

therapeutically strategy in incisional hernia.



10.

I1.

12.

13.

14.

15.

16.

17.

18.

Effects of blocking a. 3, integrin by a recombinant RGD disintegrin on remodeling of

References

Dubay DA, Wang X, Kuhn MA, Robson MC, Franz MG. The
prevention of incisional hernia formation using a delayed-
release polymer of basic fibroblast growth factor. Ann Surg. 2004
Jul;240(1):179-86. PMID: 15213634.

Franz MG. The biology of hernia formation. Surg Clin North Am.
2008 Feb;88(1):1-15. doi: 10.1016/j.5uc.2007.10.007.

Rosch R, Junge K, Knops M, Lynen P, Klinge U, Schumpelick V.
Analysis of collagen-interacting proteins in patients with incisional
hernias. Langenbecks Arch Surg. 2003 Feb;387(11-12):427-32. doi:
10.1007/s00423-002-0345-3.

Klinge U, Zheng H, Si Z, Schumpelick V, Bhardwaj RS, Muys L,
Klosterhalfen B. Expression of the extracellular matrix proteins
collagenI, collagen 1l and fibronectin and matrix metalloproteinase- 1
and -13 in the skin of patients with inguinal hernia. Eur Surg Res.
1999; 31(6):480-90. PMID: 10861344.

George SJ, Dwivedi A. MMPs, cadherins, and cell proliferation.
Trends Cardiovasc Med. 2004 Apr;14(3):100-5. doi: 10.1016/j.
tcm.2003.12.008.

Ortega N, Behonick DJ, Werb Z. Matrix remodeling during
endochondral ossification. Trends Cell Biol. 2004 Feb;14(2):86-93.
doi: 10.1016/j.tcb.2003.12.003.

Collins JM, Ramamoorthy K, Da Silveira A, Patston P, Mao
JJ. Expression of matrix metalloproteinase genes in the rat
intramembranous bone during postnatal growth and upon
mechanical stresses. J Biomech. 2005 Mar;38(3):485-92. doi:
10.1016/j.jbiomech.2004.04.018.

Mott JD, Werb Z. Regulation of matrix biology by matrix
metalloproteinases. Curr Opin Cell Biol. 2004 Oct;16(5):558-64.
doi: 10.1016/j.ceb.2004.07.010.

Jones GC, Corps AN, Pennington CJ, Clark IM, Edwards DR,
Bradley MM, Hazleman BL, Riley GP. Expression profiling of
metalloproteinases and tissue inhibitors of metalloproteinases in
normal and degenerate human Achilles tendon. Arthritis Rheum.
2006 Mar;54(3):832-42. doi: 10.1002/art.21672.

Page-McCaw A, Ewald AJ, Werb Z. Matrix metalloproteinases and
the regulation of tissue remodelling. Nat Rev Mol Cell Biol. 2007
Mar;8(3):221-33. doi: 10.1038/nrm2125.

Riley GP, Curry V, DeGroot J, van El B, Verzijl N, Hazleman BL,
Bank RA. Matrix metalloproteinase activities and their relationship
with collagen remodelling in tendon pathology. Matrix Biol. 2002
Mar;21(2):185-95. PMID: 11852234.

Riley GP. Gene expression and matrix turnover in overused and
damaged tendons. Scand J Med Sci Sports. 2005 Aug;15(4):241-51.
doi: 10.1111/j.1600-0838.2005.00456.x.

Humphries MJ, Travis MA, Clark K, Mould AP. Mechanisms of
integration of cells and extracellular matrices by integrins. Biochem
Soc Trans. 2004 Nov;32(Pt 5):822-5. doi: 10.1042/BST0320822.
Yamada KM. Adhesive recognition sequences. J Biol Chem. 1991
Jul 15;266(20):12809-12. PMID: 2071570.

Parks WC. What is the o, 3, integrin doing in the epidermis? J Invest
Dermatol. 2007 Feb;127(2):264-6. doi: 10.1038/sj.jid.5700573.
Stefansson S, Lawrence DA. The serpin PAI-1 inhibits cell migration
by blocking integrin a B, binding to vitronectin. Nature. 1996 Oct
3;383(6599):441-3. PMID: 8837777.

Clark RA, Tonnesen MG, Gailit J, Cheresh DA. Transient functional
expression of a B, on vascular cells during wound repair. Am J
Pathol. 1996 May;148(5):1407-21. PMID: 8623913.

Brittan M, Braun KM, Reynolds LE, Conti FJ, Reynolds AR,
Poulsom R, Alison MR, Wright NA, Hodivala-Dilke KM. Bone
marrow cells engraft within the epidermis and proliferate in vivo
with no evidence of cell fusion. J Pathol. 2005 Jan;205(1):1-13. doi:

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

wound healing after induction of incisional hernia in rats

10.1002/path.1682.

Gould RJ, Polokoff MA, Friedman PA, Huang TF, Holt JC, Cook JJ,
Niewiarowski S. Disintegrins: a family of integrin inhibitory proteins
from viper venoms. Proc Soc Exp Biol Med. 1990 Nov;195(2):168-
71. PMID: 2236100.

Huang TF, Liu CZ, Ouyang CH, Teng CM. Halysin, an antiplatelet
Arg-Gly-Asp-containing snake venom peptide, as fibrinogen
receptor antagonist. Biochem Pharmacol. 1991 Aug 22;42(6):1209-
19. PMID: 1888330.

Huang TF, Sheu JR, Teng CM, Chen SW, Liu CS. Triflavin, an
antiplatelet Arg-Gly-Asp-containing peptide, is a specific antagonist
of platelet membrane glycoprotein IIb-Illa complex. J Biochem.
1991 Feb;109(2):328-34. PMID: 1864844.

Coelho AL, de Freitas MS, Oliveira-Carvalho AL, Moura-Neto V,
Zingali RB, Barja-Fidalgo C. Effects of jarastatin, a novel snake
venom disintegrin, on neutrophil migration and actin cytoskeleton
dynamics. Exp Cell Res. 1999 Sep 15;251(2):379-87. PMID:
10471323.

Kauskot A, Cominetti MR, Ramos OH, Bechyne I, Renard JM,
Hoylaerts MF, Crepin M, Legrand C, Selistre-de-Araujo HS,
Bonnefoy A. Hemostatic effects of recombinant DisBa-01, a
disintegrin from Bothrops alternatus. Front Biosci. 2008 May
1;13:6604-16. PMID: 18508682.

Ramos OH, Kauskot A, Cominetti MR, Bechyne I, Salla Pontes
CL, Chareyre F, Manent J, Vassy R, Giovannini M, Legrand C,
Selistre-de-Araujo HS, Crépin M, Bonnefoy A. A novel af.-
blocking disintegrin containing the RGD motive, DisBa-01, inhibits
bFGF-induced angiogenesis and melanoma metastasis. Clin Exp
Metastasis. 2008;25(1):53-64. doi: 10.1007/s10585-007-9101-y.

de Castro Bras LE, Shurey S, Sibbons PD. Evaluation of crosslinked
and non-crosslinked biologic prostheses for abdominal hernia repair.
Hernia. 2012 Feb;16(1):77-89. doi: 10.1007/s10029-011-0859-0.
Howard-Jones N. A CIOMS ethical code for animal experimentation.
WHO Chron. 1985;39(2):51-6. PMID: 4090462.

Sant’Ana EM, Gouvea CM, Nakaie CR, Selistre-de-Araujo HS.
Angiogenesis and growth factor modulation induced by alternagin
C, a snake venom disintegrin-like, cysteinerich protein on a rat skin
wound model. Arch Biochem Biophys. 2008 Nov 1;479(1):20-7.
doi: 10.1016/j.abb.2008.07.030.

Cleutjens JP, Kandala JC, Guarda E, Guntaka RV, Weber KT.
Regulation of collagen degradation in the rat myocardium after
infarction. J Mol Cell Cardiol. 1995 Jun;27(6):1281-92. PMID:
8531210.

Wright TE, Hill DP, Ko F, Soler PM, Smith PD, Franz M, Nichols
EH, Robson MC. The effect of TGF-B, in various vehicles on
incisional wound healing. Int J Surg Investig. 2000;2(2):133-43.
PMID: 12678511.

van Hinsbergh VW, Koolwijk P. Endothelial sprouting and
angiogenesis: matrix metalloproteinases in the lead. Cardiovasc
Res. 2008 May 1;78(2):203-12. doi: 10.1093/cvr/cvm102.
Krampert M, Kuenzle S, Thai SN, Lee N, Iruela-Arispe ML, Werner
S. ADAMTSI proteinase is up-regulated in wounded skin and
regulates migration of fibroblasts and endothelial cells. J Biol Chem.
2005 Jun 24;280(25):23844-52. doi: 10.1074/jbc.M412212200.
Rosch R, Lynen-Jansen P, Junge K, Knops M, Klosterhalfen B,
Klinge U, Mertens PR, Schumpelick V. Biomaterial-dependent
MMP-2 expression in fibroblasts from patients with recurrent
incisional hernias. Hernia. 2006 Apr;10(2):125-30. doi: 10.1007/
$10029-005-0060-4.

van Hinsbergh VW, Engelse MA, Quax PH. Pericellular
proteases in angiogenesis and vasculogenesis. Arterioscler
Thromb Vasc Biol. 2006 Apr;26(4):716-28. doi: 10.1161/01.
ATV.0000209518.58252.17.

Acta Cirvrgica Brasileira - Vol. 30 (2) 2015 - 141



Oliveira CR et al.

34. Borrirukwanit K, Lafleur MA, Mercuri FA, Blick T, Price JT,
Fridman R, Pereira JJ, Leardkamonkarn V, Thompson EW. The type
I collagen induction of MT1- MMP-mediated MMP-2 activation is
repressed by o, B, integrin in human breast cancer cells. Matrix Biol.
2007 May;26(4):291-305. doi: 10.1016/j.matbio.2006.10.014.

35. Bafetti LM, Young TN, Itoh Y, Stack MS. Intact vitronectin
induces matrix metalloproteinase-2 and tissue inhibitor of
metalloproteinases-2 expression and enhanced cellular invasion
by melanoma cells. J Biol Chem. 1998 Jan 2;273(1):143-9. PMID:
9417058.

Correspondence:

Claudio Ricardo de Oliveira
Departamento de Medicina
Universidade Federal de Sao Carlos
Rodovia Washington Luis, Km 235
13565-905 Sao Carlos — SP Brasil
Tel.: (55 16)3351-8340
claudio.rioliv@gmail.com
audreyborghi@gmail.com

Received: Oct 15, 2014

Review: Dec 17, 2014

Accepted: Jan 12, 2015

Contflict of interest: none

Financial source: Sao Paulo Research Foundation (FAPESP), National
Council for Scientific and Technological Development (CNPg-Proc.
304220/2016-2) and Coordination of Improvement of Higher Education
Personnel (CAPES), Ministry of Education, Brazil.

'Research performed at Laboratory of Biochemistry and Molecular Bio-

logy, Department of Physiological Sciences, Federal University of Sao
Carlos (UFSCar), Sao Carlos-SP, Brazil.

142 - Acta Cirurgica Brasileira - Vol. 30 (2) 2015



