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Short Research Article

ABSTRACT

Aim: Of this work was to determine dispersion of TGF-b, fibrosis modulating factor (bFGF and
FGR1) and granule marker chromogranin A in case of intra-abdominal adhesion which could be
essential factors in disease pathogenesis. Thus than could be used as possible biomarker.

Study Design: Observational study.

Place of Study: Institute of Anatomy and Anthropology and Department of Children Surgery, Riga
Stradin$ University.
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biotin-streptavidin immunohistochemistry.

coefficient = .311, P =.03).

Materials and Methods: The specimens used for research were obtained from 50 patients aged 1
to 292 days. They underwent abdominal surgery due to obstructive gut malrotation and several
additional pathologies. Tissues were processed for bFGF, FGFR1, TGF-f and CgA by means of

Results: In adhesion tissue bFGF positive connective tissue cells varied from a few to an
abundant amount, but in 15 specimens no positive structure was observed. Few connective tissue
fibers and moderate to numerous fibroblasts and macrophages contained FGFR1. A moderate
number of TGF-f positive connective tissue fibers were observed. Some specimens also contained
positive fibroblasts, macrophages and endotheliocytes. Few connective tissue cells contained CgA.
A moderate correlation was observed between bFGF and FGFR1 (Spearman’s rank correlation
coefficient = .500, P < .001) as well as between bFGF and CgA (Spearman’s rank correlation

Conclusions: The connection between the less distinct bFGF and more prominent FGFR1 proves
the compensatory stimulation of receptors as a response on the lack of the same factor in case of
adhesion disease. Persisting appearance of TGF-B positive structures in congenital adhesions
indicates the continuing growth/regeneration potential of loose connective tissue. Positive CgA
structures indicate the involvement of the neuroendocrine system in case of adhesion disease.

Keywords: Children; adhesions; growth factors; Immunohistochemistry.

1. INTRODUCTION

Intestinal obstruction is one of the most common
emergencies in pediatric surgery. Recent
estimates place the incidence at 1 of 2000 live
births [1]. Adhesive intestinal obstruction occurs,
when pathologic bands are formed between the
peritoneum, the small and large intestine, the
abdominal wall and other intraabdominal
organs [2]. Typically adhesions occur after
intraabdominal surgery and peritonitis (regarded
the most common complication after abdominal
surgery [3,4], but rarely can also be congenital in
their origin [5,6].

Congenital intra-abdominal adhesions occur due
to disruption of the normal embryologic
development [7]. During normal abdominal
development, the 3 divisions of the GI tract
(foregut, midgut, hindgut) herniate out from the
abdominal cavity, where they then undergo a
270° counterclockwise rotation around the
superior mesenteric vessels. Following this
rotation, the bowels return to the abdominal
cavity, with fixation of the duodenojejunal loop to
the left of the midline and the cecum in the right
lower quadrant [8,9]. Interruption of typical
intestinal rotation and fixation during fetal
development can occur in a wide range of
locations [9].

As the embryonic development is tightly
regulated by the complex interaction of several
morphogenetic factors, which determine and
modulate tissue growth. Degeneration,
innervation, angiogenesis and fibrosis, fibrosis

modulating factors may also play a role in the
development of congenital intestinal adhesions.
bFGF displays mitogenic, migratory, and
morphogenic functions. It is also known to play a
role in organ development, organ regeneration,
and wound healing [10]. It can stimulate smooth
muscle proliferation [11] and influence the
adhesion characteristics of osteoblasts [12].
bFGF is a potent angiogenic factor and
endothelial cell mitogen. Although bFGF levels
are increased in chronically inflamed tissue, but
its role in inflammation is unclear [13]. Increased
levels of bFGF are found in body fluids of
patients carrying large tumor burdens, which may
allow the tumor to stimulate blood vessel
ingrowth [14].

FGFs execute their biological actions by binding,
dimerizing and activating cell surface FGF
receptors [15]. bFGF activates FGFR1 in
cooperation with heparin or heparin sulfate
proteoglycan to induce its pleiotropic effects in
different tissues and organs [16]. The FGF/FGFR
system has been implicated in a variety of
physiological and pathological conditions. This
includes embryonic development, tissue growth
and remodeling, inflammation, tumor growth, and
vascularization. FGF/FGFR signaling plays
important functions in mesoderm formation and
development [17]. FGFR1 activation by bFGF
promotes catabolism and impedes anabolism
[18].

The results of several research works indicate
the possible role of a increased TGF-
production in the etiology of adhesions [19,20].



Augule et al.; BIMMR, 10(11): 1-9, 2015; Article no.BJMMR.19676

TGF-B is a member of a family of dimeric
polypeptide growth factors that includes bone
morphogenic proteins and activins. TGF-B
regulates the proliferation and differentiation of
cells, embryonic development, wound healing,
and angiogenesis. Increases or decreases in

the production of TGF-B have been linked
to numerous disease  states, including
atherosclerosis and fibrotic disease [21].

Increased TGF-B production is associated with
adhesion development [22]. Fibroblasts obtained
from adhesions produce greater amounts of
TGF-B and extracellular matrix molecules than
normal fibroblasts isolated from normal
peritoneum [23]. TGF-B stimulates fibroblasts
and other cells to produce extracellular-matrix
proteins and cell-adhesion proteins (collagen,
fibronectin, integrins). In the same time it
decreases the production of enzymes that
degrade the extracellular matrix (collagenase,
heparinase, stromelysin). This increases the
production of proteins that inhibit enzymes that
degrade the extracellular matrix (plasminogen-
activator inhibitor type 1, tissue inhibitor of
metalloprotease) [21].

CgA is an acidic glycoprotein belonging to a
family of regulated secretory proteins. It is stored
in the dense core granules of the adrenal
medulla and in many other neuroendocrine cells
and neurons [24]. It is known that it acts as a
precursor of many biologically active peptides
generated by cleavage at specific sites [25]. It is
the major soluble protein co-stored and co-
released with catecholamines. CgA can function
as a pro-hormone by giving rise to several
bioactive peptides [26]. This protein is produced,
in certain conditions also by cardiomyocytes,
keratinocytes and granulocytes. Increased levels
of circulating CgA have been detected in patients
with cancer, heart failure, hypertension, atrophic
gastritis, renal failure, giant cell artheritis,
rheumatoid  arthritis, sepsis and  other
inflammatory diseases [27].

Therefore, we suggest that bFGF, FGFR1, TGF-
B and CgA could be of importance in the
pathogenesis of adhesions and should be
explored as possible biomarkers.

2. MATERIALS AND METHODS

The specimens used for research were obtained
from 50 patients (23 males, 27 females) aged 1
to 292 days (Table 1) who underwent abdominal

surgery. This was due to obstructive gut
malrotation and several additional pathologies.
These specimens are the property of the Institute
for Anatomy and Anthropology of Riga Stradins
University.

The tissue fragments were fixed for 24 hours in a
mixture consisting of 2% formaldehyde and 0.2%
picric acid in 0.1- M phosphate buffer (pH 7.2).
These were then washed for 12 hours in
phosphate buffer (pH 7) containing 10% sucrose.
Then tissues were embedded in paraffin and the
blocks of paraffinized tissues were sectioned into
slides 6-7 pym in thickness by means of a
microtome.

2.1 Immunohistochemical Analysis

Immunohistochemistry (IMH): bFGF (anti-bFGF,
working dilution 1:200, Abcam, England), FGFR1
(anti-FGFR1, working dilution 1:100, Abcam,
England), TGF-B (anti-TGF-B, working dilution
1:100, Santa Cruz, USA), CgA (anti-CgA,
working dilution 1:100, Invitrogen, England) were
used by biotin — streptavidin IMH [28].

Adhesion tissue tissue was deparaffinized and
washed in alcohol and water, then washed for 10
minutes in wash buffer (Tris-buffered saline) and
put for 5 minutes in EDTA boiling buffer in
microwave. When the samples had cooled down,
they were washed twice for 5 minutes in wash
buffer. To decrease background staining normal
blocking serum for 20 minutes was used. All
tissue samples were incubated with primary
antibodies for 1 hour. Further, washing for 10
minutes in wash buffer and incubation for 30
minutes with LSAB+LINK with biotin related
secondary antibodies (code K1015,
DakoCytomation, Denmark) was performed.
Another washing for 5 minutes in wash buffer
was performed. The specimens were incubated
for 25 minutes with LSAB+LINK with enzyme
peroxidase labeled streptavidine (code K0690,
DakoCytomation, Denmark). It was followed by 5
minutes washing in wash buffer and 10 minutes
processing with DAB substrate-chromogen
system (code K3468, DakoCytomation,
Denmark) to obtain positive structure staining in
brown colour. Samples were then rinsed in
running water and stained with hematoxylin.

Findings were evaluated using Leica DC 300F
camera and image processing and analysis
software Image Pro Plus.
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semiquantitative counting method was used. The
designations were as follows:

0, no positive structures found in the visual
field;

0/+, occasionally marked structures in the
visual field;

+, a few positive structures in the visual
field;

+/++ few to moderate positive structures in
the visual field;

++, a moderate number
structures in the visual field;

++/+++, moderate to numerous number of
positive structures in the visual field,;

+++, a numerous number of marked
structures in the visual field;

++++, abundance of marked structures
found in the visual field [29].

of marked

2.2 Data Analysis

For data storing and processing the Microsoft
Office Excel 2010 was used. Data analysis was
conducted using Statistical Package for the
Social Sciences (SPSS) program version 20.0.
Spearman’s correlation test (rs) was used to
evaluate correlation in between growth factors.

Table 1. Patient information
5 5 o & - © 5 5 o
E 5% = = S~ T 3% =
(0] < 5 (8] [} <5 O ) <35 (8]
0] ~ S O ~ S 0] ~ S
1 M 0 Sl 18 F 4 Sl 35 M 56 Sl
2 F 0 D 19 F 9 D 36 F 56 Sl
3 F 0 LB 20 F 9 D 37 F 62 D
4 M 1 Sl 21 F 9 AAW 38 M 67 Sl
5 F 1 LB 22 M 9 LB 39 F 71 Sl
6 M 1 Sl 23 M 14 Sl 40 F 94 Sl
7 F 1 LB 24 M 15 LB 41 F 100 Sl
8 F 1 D 25 F 15 LB 42 M 103 D
9 M 1 AAW 26 F 19 Sl 43 M 108 DI
10 M 2 Sl 27 F 26 LB 44 M 129 DI
11 M 2 Sl 28 M 28 DI 45 F 130 D
12 M 2 D 29 F 30 Sl 46 F 134 Sl
13 M 2 LB 30 F 36 Sl 47 F 151 Sl
14 M 2 Sl 31 M 39 D 48 F 185 Sl
15 M 3 LB 32 F 41 LB 49 M 210 DI
16 M 4 D 33 M 48 LB 50 F 292 Sl
17 F 4 LB 34 F 51 LB
Abbreviations: S| — small intestine, DI — distal ileum, D — duodenum, LB — Ladd’s band, AAW — anterior
abdominal wall; m — male, f — female
For guantification of structures, the Correlation was considered as weak if value rs

was 0 — 0.3, moderate, if value rs was 0.31 —
0.69 and strong if value rs was 0.7 — 1. Two-
tailed P values of <.05 were considered as
statistically significant.

3. RESULTS

bFGF was seen exclusively in fibroblasts and
macrophages (Fig. 1A). In four cases the number
of marked cells was abundant (++++), in five
cases numerous (+++), but in two cases
moderate to numerous (++/+++). Eleven
specimens showed a moderate (++) number of
bFGF positive cells. Two specimens showed few
to moderate (+/++) bFGF positive cells, seven —
few (+) positive cells. A positive reaction to bFGF
was rarely seen for endotheliocytes and
connective tissue fibers. Occasional (0/+)
positive fibroblasts and macrophages were
observed in four cases. 15 specimens didn't
contain any bFGF containing structures
(Table 2).

A positive reaction for FGFR1 was observed in
fibroblasts, macrophages and connective tissue
fibers. Rarely seen were FGFR1 positive
endotheliocytes. A numerous (+++) number of
FGFR1 positive fibroblasts and macrophages
were observed in five cases (Fig. 1B). In another
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eight cases a moderate to numerous (++/+++)
number of positive structures was marked.
FGFR1 positive structures were mostly seen in
moderate (++) and few to moderate (+/++)
appearance. Few (+) fibroblasts and
macrophages contained this factor in nine
specimens. Occasional (0/+) positive structures
were observed in three cases (Table 2).

A numerous (+++) number of TGF- positive
structures was found in five specimens (Fig. 1C),
but a moderate to numerous (++/+++) number
was observed in 14 specimens. A moderate (++)

number of TGF- positive fibers was observed in
20 cases, in another eight cases few (+)
numbers of these structures were positive for
TGF-B (Table 2).

In two cases the number of CgA containing
structures was numerous (+++), in another two
cases moderate to numerous (++/+++), but in
five cases moderate (++) (Fig. 1D and 1E).
Seven specimens showed few to moderate
(+/++) and 14 specimens few (+) numbers of
CgA positive structures. In 18 specimens no
positive structures were observed (Table 2).

Fig. 1. Immunoreactive structures in congenital adhesions
A Moderate bFGF positive fibroblasts and macrophages in congenital adhesions of the four days old patient
(bFGF IMH, x400); B Numerous FGFR1 positive fibroblasts and macrophages in congenital adhesions of the two
days old patient (FGFR1 IMH, x400); C Numerous TGF-g positive fibroblasts, macrophages and fibers in
congenital adhesions of a three months old patient (TGF-f IMH, x400)
D Moderate CgA positive fibroblasts and macrophages in congenital adhesions of a four days old patient
(CgA IMH, x250); E Moderate CgA positive epithelioid cells in congenital adhesions of a two days old patient
(CgA IMH, x400)
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Table 2. Semi-quantitative evaluation of
immunoreactive structures

bFGF FGFR1 TGF-f CgA
0 15 0 0 18
o/+ 4 3 0 2
+ 7 9 3 14
+/++ 2 12 8 7
++ 11 13 20 5
++[+++ 2 8 14 2
+++ 5 5 5 2
++++ 4 0 0 0

Abbreviations: bFGF — basic fibroblast growth factor,
FGFR1 - fibroblast growth factor receptor 1, TGF-8 —
transforming growth factor 8, CgA — chromogranin A, 0
— no positive structures, 0/+ — occasionally positive
structures, + — a few positive structures, +/++ — few to
moderate positive structures, ++ — a moderate positive
structures, ++/+++ — moderate to numerous positive
structures, +++ — a numerous positive structures,
++++ - abundant positive structures.

Using the Spearman’s correlation test positive
correlations were observed between the
immunoreactive structures for bFGF and FGFR1
(rs = .500; P < .001) and immunoreactive
structures for bFGF and CgA (rs = .311; P = .03).

4. DISCUSSION

TGF- B is the most studied cytokine in the
pathophysiology of adhesion development, and
has been suggested as principal profibrotic
mediator of this process [30]. TGF-B is a key
regulator of extracellular matrix assembly and
remodeling [30,31]. The action of TGF-p
following inflammatory responses is
characterized by increased production of
extracellular matrix components, as well as
mesenchymal cell proliferation, migration, and
accumulation [32]. TGF-B causes matrix
deposition in mesenchymal cell in culture by
promoting expression of extracellular matrix
genes. These suppress the activity of genes
such as matrix metalloproteinases, which
degrade extracellular matrix [33,30]. In our study
TGF- was seen in moderate to numerous
numbers in almost all analyzed specimens. This
is in agreement with previous studies of TGF-
in adhesions. The overexpression of TGF- 8 has
been linked to tissue fibrosis at various sites
throughout the body including peritoneal
adhesion formation [34]. Elevated TGF-B
expression in affected organs, and subsequent
deregulation of TGF-B functions, correlates with
an abnormal connective tissue deposition [30]. It

has been reported, that suppression of the
actions of TGF- B reduced adhesion formation
[35] and anti-TGF-B agents were effective
against postoperative inflammation and fibrosis
[36].

The pathogenesis of congenital intra-abdominal
adhesions could possibly be related to
bFGF/FGFR1 signaling modification, which in
turn could be responsible for inflammation and
changes in vascularization and tissue
development, as well as growth and remodeling
processes. In one third of the analyzed
specimens numbers of bFGF positive structures
were low or no positive structures were detected.
There are publications describing a possible loss
of bFGF from the cell cytoplasm through plasma
membrane disruptions caused by physiologically
generated mechanical force [37]. In contrast to
that, almost in a half of the analyzed specimens
bFGF positive structures were observed at least
in moderate counts and more. Studies show that
elevated levels of bFGF are implicated in the
pathogenesis of several diseases characterized
by a disregulated angiogenic/inflammatory
response. bFGF induces the expression of a
inflammation-related genes in endothelial cells,
including pro-inflammatory cytokines/chemokines
and their receptors, endothelial cell adhesion
molecules, and components of the prostaglandin
pathway [38].

To our knowledge no studies have looked at the
presence of FGFR1 in adhesions. We found
moderate to numerous FGFR1 containing cells in
intra-abdominal adhesions. Elevated expression
of FGFR1 is believed to disrupt the interplay
between mesenchymal and epithelial cells [39].
FGF/FGFR signaling plays important functions in
the mesoderm [17]. In our study a significant
correlation between bFGF and FGFR1 was
detected.

It is also possible that the neuroendocrine
system is involved in the pathogenesis of
congenital adhesions. Positive structures for CgA
were seen in few to moderate numbers in the
analyzed specimens. CgA is concentrated and
stored within granules and rapidly released by
neuroendocrine cells and neurons after an
appropriate stimulus, this protein could be
important for the local control of cell adhesion by
stimulated cells [40]. CgA, locally administered to
injured mice, can accelerate keratinocyte
proliferation and wound healing, regulate
keratinocyte adhesion and migration [41].
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5. CONCLUSIONS

Connection between the less distinct bFGF and
more prominent FGFR1 proves the
compensatory stimulation of receptors as a
response on the lack of the same factor in case
of adhesion disease.

Persisting appearance of TGF-f positive
structures in congenital adhesions indicates the
continuing growth/regeneration potential of loose
connective tissue.

Positive CgA structures indicate the involvement
of the neuroendocrine system in case of
adhesion disease.

CONSENT
It is not applicable.
ETHICAL APPROVAL

All authors hereby declare that all experiments
have been examined and approved by the
appropriate ethics committee and have therefore
been performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki.

The study was approved by the Ethical
Committee at Riga StradinS University, permit
issued on May 10, 2007.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Juang D, Snyder CIl. Neonatal bowel
obstruction. Surg Clin  North  Am.

2012;92(3):685-711.

2. Coccolini F, Ansaloni L, Manfredi R,
Campanati L, Poiasina E, Beroli P, et al.
Peritoneal adhesion index (pai): Proposal
of a score for the “ignored iceberg” of
medicine and surgery. World Journal of
Emergency Surgery. 2013;8:6.

3. Atta MH. Prevention of peritoneal
adhesions: A promising role for gene
therapy. World J Gastroenterol. 2011;
17(46):5049-58.

4, Briggmann D, Tchartchian G, Wallwiener
M, Minstedt K, Tinneberg Hr, Hackethal A.

10.

11.

12.

13.

14.

15.

Intra-abdominal  adhesions  definition,
origin, significance in surgical practice, and
treatment options. Dtsch Arztebl Int. 2010;
107(44):769-75.

Tae-jung S, Ji-woong CH. Small bowel
obstruction caused by an anomalous
congenital band in an infant. Korean J
Pediatr. 2008;51:219-221.

Sozen S, Emir S, Yazar FM, Altinsoy HK,
Topuz O, Vurdem UE, et al. Small bowel
obstruction due to anomalous congenital
peritoneal bands - case series in adults.
Bratisl lek listy. 2012;113(3):186-9.
Aslanabadi S, Ghalehgolab-behbahan A,
Jamshidi M, Veisi P, Zarrintan S. Intestinal
malrotations: A review and report of thirty
cases. Folia morphol (warsz). 2007;
66(4):277-82.

Javors RB, Mori H, Meyers AM,
Wachsberg HR. Clinical embryology of the
abdomen: Normal and pathologic
anatomy. In: meyers am, editors. Dynamic
radiology of the abdomen: Normal and
pathologic anatomy. 5th ed. New vyork:
Springer; 2005.

Martin Vv, Shaw-Smith CH. Review of
genetic factors in intestinal malrotation.
Pediatr Surg Int. 2010;26(8):769-81.
Kashpur O, Lapointe D, Ambady S, Ryder
EF, Dominko T. Fgf2-induced effects on
transcriptome associated with regeneration
competence in adult human fibroblasts.
Bmc Genomics. 2013;14:656.

Lee M, Wu BM, Stelzner M, Reichardt HM,
Dunn JCYL. Intestinal smooth muscle cell
maintenance by basic fibroblast growth
factor. Tissue Eng Part A. 2008;
14(8):1395-402.

Zheng |, Wang Q, Wei KH. The influence
of basic fibroblast growth factor on the
adhesion characteristics of osteoblasts in
rabbit. Zhongguo Xiu Fu Chong Jian Wai
Ke Za Zhi. 2000;14(5):305-7.

Zittermann S, Issekutz AC. Basic fibroblast
growth factor (bfgf, fgf-2) potentiates
leukocyte recruitment to inflammation by
enhancing endothelial adhesion molecule
expression. Am J Pathol. 2006;168(3):835-
46.

Gerwins P, Skéldenberg E, Claesson-
welsh L. Function of fibroblast growth
factors and vascular endothelial growth
factors and their receptors in
angiogenesis. Crit rev Oncol Hematol.
2000;34:185-94.

Mohammadi M, Olsen SK, Ibrahimi OA.
Structural basis for fibroblast growth factor.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Augule et al.; BIMMR, 10(11): 1-9, 2015; Article no.BJMMR.19676

Cytokine Growth Factor
16(2):107-37.

Woodbury ME, lkezu T. Fibroblast growth
factor-2 signaling in neurogenesis and
neurodegeneration. J Neuroimmune
Pharmacol. 2014;9(2):92-101.

Dell'era P, Ronca R, Coco L, Nicoli S,
Metra M, Presta M. Fibroblast growth
factor receptor-1 is essential for in vitro
cardiomyocyte development. Circulation.
2003;93:414-20.

Yan D, Chen D, Cool SM, Wijnen AJ,
Mikecz K, Murphy G, et al. Fibroblast
growth factor receptor 1 is principally
responsible for fibroblast growth factor 2
induced catabolic activities in  human
articular chondrocytes. Arthritis Res Ther.
2011;13(4):r130.

Holmdahl I, Kotseos K, Bergstrom M, Falk
P, Ivarsson MI, Chegini N. Overproduction
of transforming growth factor-betal (tgf-
betal) is associated with adhesion
formation and peritoneal fibrinolytic
impairment. Surgery. 2001;129(5):626-32.
Saed GM, Kruger M, Diamond MP.
Expression of transforming growth factor-
beta and extracellular matrix by human
peritoneal mesothelial cells and by
fibroblasts from normal peritoneum and
adhesions: Effect of tisseel. Wound Repair
Regen. 2004;12(5):557-64.

Blobe CG, Schiemann PW, Lodish FH.
Role of transforming growth factor B in
human disease. N Engl J Med.
2000;342:1350-58.

Holmdahl L, Kotseos K, Bergstrém M, Falk
P, Ivarsson MI, Chegini N. Overproduction
of transforming growth factor-betal (tgf-
betal) is associated with adhesion
formation and peritoneal fibrinolytic
impairment. Surgery. 2001;129(5):626-32.
Saed GM, Kruger M, Diamond MP.
Expression of transforming growth factor-
beta and extracellular matrix by human
peritoneal mesothelial cells and by
fibroblasts from normal peritoneum and
adhesions: Effect of tisseel. Wound Repair
Regen. 2004;12(5):557-64.

Corti A. Chromogranin a and the tumor
microenvironment. Cell Mol Neurobiol.
2010;30(8):1163-70.

Louthan O. Chromogranin a in physiology

Rev. 2005;

and oncology. Folia Biol (praha).
2011;b57(5):173-81.
D’amico AM, Ghinassi B, lzzicupo P,

Manzoli L, Baldassarre AD. Biological
function and clinical relevance of

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

chromogranin a and derived peptides.
Endocrine Connections. 2014;3:45-54.
Corti A, Ferrero E. Chromogranin a and
the endothelial barrier function. Curr Med
Chem. 2012;19(24):4051-8.

Hsu Sm, Raine L, Fanger H. The use of
antividin - antibody and  avidin-biotin
peroxidase complex in immunoperoxidase
technics. Am J Clin Pathol. 1981,
75(6):816-21.

Pilmane M, Ozolina L, Abola Z, Pétersons
A, Popkovs V, Dabuzinskiené A, et al.
Growth factors, their receptors,
neuropeptide-containing innervation, and
matrix metalloproteinases in the proximal
and distal ends of the esophagus in
children with esophageal atresia. Medicina
(Kaunas). 2011;47(8):453-60.

Verrecchia F, Mauviel A. Transforming
growth factor-beta and fibrosis. World J
Gastroenterol. 2007;13(22):3056-62.
Maciver AH, Mccall M, Shapiro J. Intra-
abdominal adhesions: Cellular
mechanisms and strategies for prevention.
International Journal Of Surgery. 2011;
9:589-94.

Pohlers D, Brenmoehl J, Loffler |, Miller
CK, Leipner C, Schultze-Mosgau S, et al.
Tgf-B and fibrosis in different organs —
molecular pathway imprints. Biochim
Biophys Acta. 2009;1792(8):746-56.

Leask A, Abraham JD. Tgf-f signaling and
the fibrotic response. Faseb j. 2004
18(7):816-27.

Ghellai Am, Stucchi AF, Chegini N, Ma
CH, Andry CD, Kaseta JM, Burns JW, et
al. Role of transforming growth factor beta-
1 in peritonitis-induced adhesions. J
Gastrointest Surg. 2000;4:316-23.

Fukui N, Rashiro T, Hiraoka H, Oda H,
Nakamura K. Adhesion formation can be
reduced by the suppression of
transforming growth factor-B1l activity.
Journal of Orthopaedic Research. 2000;
18(2):212-9.

Yanagita M. Inhibitors/antagonists of tgf-8
system in kidney fibrosis. Nephrol Dial
Transplant. 2012;27(10):3686-91.

Clarke FSM, Khakee R, Mcneil LP. Loss of
cytoplasmic basic fibroblast growth factor
from physiologically wounded myofibers of
normal and dystrophic muscle. Journal of
Cell Science. 1993;106:121-33.

Presta M, Andrés G, Leali D, Dell'era P,
Ronca R. Inflammatory cells and
chemokines sustain fgf2-induced



39.

40.

Augule et al.; BIMMR, 10(11): 1-9, 2015; Article no.BJMMR.19676

angiogenesis. Eur cytokine netw. 2009;
20(2):39-50.

Haugsten Me, Wiedlocha A, Olsnes S,
Wesche J. Roles of fibroblast growth factor
receptors in carcinogenesis. Mol Cancer
Res. 2010;8:1439-52.

Gasparri A, Sidoli A, Sanchez PL, Longhi
R, Siccardi AG, Marchisio PC, et al.

41.

Chromogranin a fragments modulate cell
adhesion. J Biol Chem. 1997;272:20835-
43.

Curnis F, Gasparri AM, Longhi R.
Chromogranin a binds to alpha v beta 6-
integrin and promotes wound healing in
mice. Cell Mol Life Sci. 2012;69(16):2791-
803.

© 2015 Augule et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/11329




