Papers on Anthropology XXX72, 2021, pp. 70-85

GROWTH FACTORS AND CHROMOGRANIN A
IN INTRA-ABDOMINAL ADHESIONS OF CHILDREN

MARA PILMANE', KAIVA ZILE ZARINA', ZANE ABOLA?

'Institute of Anatomy and Anthropology
2Department of Paediatric Surgery, Riga Stradins University, Riga, Latvia

ABSTRACT

Pathogenesis of adhesions is still unclear and does not give a clear response
whether the morphopathogenetic mechanisms of congenital and acquired
adhesions in children are different or not. Thus, we searched for the appear-
ance and distribution of growth factors, their receptors and chromogranins in
adhesions of children in the ontogenetic aspect.

Tissues were obtained from 17 children of group 1 (1 day to 3 years old)
and 10 children of group 2 (10 to 16 years old). Visibly intact peritoneum
was obtained from teenagers of group 2 and used as control tissue. Routine
staining and immunohistochemistry for insulin-like growth factor 1 (IGF1),
insulin-like growth factor 1 receptor (IGF IR), transforming growth factor
beta (TGF-B), hepatocyte growth factor (HGF), chromogranin A (CgA) was
applied.

Statistical analysis included semi-quantitative evaluation of immuno-
positive structures, Wilcoxon signed-rank test and Wilcoxon rank sum test for
comparison of data.

The results showed patchy fibrosis with round-shaped fibroblasts, neo-
angiogenesis and inflammation. Adhesions in group 1 demonstrated various
appearance of IGF, IGF IR, few to moderate number of TGF-B-, HGF- and
moderate number of CgA-containing cells. In both groups, fibroblasts pre-
dominated among actively expressing cells. Group 2 showed moderate to
numerous IGFI and HGF positive cells, while IGF IR- and TGF-f-containing
cells were numerous. Intact peritoneum showed variable TGF-p, CgA, and
few to moderate HGF, IGFI, IGF IR cells.

In conclusion, an increase in IGFI, IGF IR, TGF- and HGF characterises
the acquired (“aged”) adhesions. Fibroblasts are most active in adhesion
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formation with the increase of cellular activity during the aging of children
and adhesions. Fibroblasts with changes in shape stimulate further develop-
ment of disease via intensive CgA expression.

Keywords: growth factors; receptors; chromogranins; adhesions; children; onto-
genesis

INTRODUCTION

Adhesions are bands of scar tissue that bind two parts of tissue together.
Although adhesions can occur anywhere, the most common locations are
within the stomach, the pelvis, and the heart. Peritoneal adhesions are nearly
inevitable after laparotomy and a major cause of misery for both patients and
physicians [1].

Intra-abdominal adhesions may be congenital or acquired. Congenital
adhesions arise during physiological organogenesis - like a frequently observed
attachment of the sigmoid colon to the left pelvic wall - or can be traced back
to abnormal embryonic development of the abdominal cavity. They are usually
asymptomatic and are diagnosed incidentally [2]. Postinflammatory adhesions
are caused by intra-abdominal inflammation or can be attributed to endome-
triosis, peritonitis, radiotherapy, or long-term peritoneal dialysis [2-4].

Since intra-abdominal adhesions arise from aberrant peritoneal wound
healing processes, any mesothelial damage by surgical trauma or bacterial
inflammation can lead to their formation [5]. Damage to the peritoneum is
followed by capillary bleeding and increased vascular permeability with conse-
quent exudation of fibrinogen [4, 5]. When tissue damage is associated with
vascular insufficiency, adhesions form to prevent ischemic injury [6]. Addition-
ally, connective tissue cells and different growth factors have been mentioned
to participate in the pathogenesis of adhesion formation. So, as a result of
surgical injury, activated macrophages and peritoneal mesothelial cells secrete
pro-inflammatory cytokine and growth factor TGE-p [7, 8]; increased levels of
cytokines have also been shown to play a role in intestinal diseases [9, 10] and
in the formation of adhesion bands and can impair peritoneal fibrinolysis [11].
Generally, TGF-p influences tissue embryogenesis, physiological functioning
of cells, inflammatory processes and tissue regeneration [12, 13]. Besides this,
the insulin-like growth factors constitute a family of peptides which perform
broad anabolic and mitogenic action in a wide variety of tissues [14]. On the
other hand, insulin-like growth factor I receptors (IFGIR), mainly produced
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by adhesion fibroblasts, are also thought to be involved in fibrosis develop-
ment [15]. Finally, the hepatocyte growth factor (HGF) mediates the motility
of smooth muscle cells in the adhesion blood vessels [16], while the endothe-
liocyte shape is modulated here by chromogranins [17]. Although all the
abovementioned factors are seemingly involved in the common adhesion
development, there is no data regarding the appearance of these factors in the
ontogenetic aspects. Thus, the aim of this study was to research the distri-
bution and relative frequency of growth factors and chromogranins in the
intra-abdominal adhesions in children of different ages with different invasive
treatment history.

MATERIALS AND METHODS

Patient information

Adhesion tissues were collected from 17 patients aged from 1 day to 3 years
(9 female and 8 male patients) (group 1, Table 1) and from 10 patients aged
from 10 to 17 years (4 female and 6 male patients) (group 2, Table 2) under-
going laparotomy at the Surgery Department of the Children’s University
Clinical Hospital, Latvia. The study was approved by the Riga Stradin$ Univer-
sity Ethics Committee (10.05.2007), and parents of patients have given written
informed consent for participation in the trial. All group 1 patients under-
went first-time abdominal operations due to adhesions. From group 2, only
the first patient underwent surgery for the first time, while all the others had
already been operated at an earlier age, and the time differences between the
surgeries varied from 1-5 years. All specimens of intra-abdominal adhesions
were marked with data from the site of the operation. From group 2, macro-
scopically unchanged peritoneum of four patients was also obtained and used
as control material for this age group. Samples of 5-10 mm were excised from
serous surfaces between opposing visceral organs and the parietal peritoneum.
Tissue specimens were immediately fixed in 10% formalin solution.
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Table 1. Information about the patients of group 1

No Sex Age Diagnosis Adhesion site
1. M 1day Multiple anomalies (oesophageal duodenum
atresia, distal tracheoesophageal
fistule, duodenal atresia)
2. F 1 day Jejunal atresia jejunum
3. F 2 days Duodenal stenosis. Ladd intra-abdominal adhesions
ligament. Malrotation
4, F 5 days Duodenal atresia. Ladd ligament  duodenum
5. F 1 week Duodenal atresia intra-abdominal adhesions
6. M 2 weeks Pancreas anulare intra-abdominal adhesions
7. F 3 weeks lleostomal stenosis intra-abdominal adhesions
8. M 1.5 months lleus acuta intra-abdominal adhesions
9. M 1.5months Ladd ligament Ladd ligament
10. M 2.5 months Status after necrotic enterocol- intra-abdominal adhesions
itis. Stenosis of colon ascendens  and Ladd ligament
11. M 3 months Necrotic enterocolitis with multi-  ileum
ple perforations. lleostoma
12 M 4 months Status after necrotic enterocolitis. colon
Colostoma
13. F 4.5 months lleus acuta intra-abdominal adhesions
14. F 7 months Necrotic enterocolitis, peritonitis, intra-abdominal adhesions
colon descendens perforation,
ileostoma
15. M 8 months lleus acuta intra-abdominal adhesions
16. F 2.2 years lleus acuta ileum
17. F 3.4 years Diaphragmal herniation. intra-abdominal adhesions

Rotation disorders

M — male; F - female.
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Table 2. Information about the patients of group 2

Age
No Sex (years) Diagnosis Adhesion site
1. M 10 Status after appendectomy. peritoneum
Intra-abdominal adhesions
2. M 10 lleus recidiva. Intra- 1. peritoneum
abdominal adhesions 2. appendix vermiformis
3. M 10 lleus acuta. Intra-abdominal 1. colon
adhesions 2. omentum majus
3. peritoneum intactum (control tissue)
4, F 12 Status after appendectomy. 1. appendix vermiformis
Intra-abdominal adhesions 5 5ion ascendens
3. peritoneum intactum (control tissue)
5. M 13 lleus recidiva. Status 1. colon
after appendectomy. 2. peritoneum
Intra-abdominal adhesions : : :
3. peritoneum intactum (control tissue)
4.ileum
6. F 15 Status after appendectomy. 1. peritoneum-caecum
Intra-abdominal adhesions 5 haritoneum-colon ascendens
3. peritoneum intactum (control tissue)
4, peritoneum-appendix vermiformis
7. M 15 lleus due to intra- 1. peritoneum
abdominal adhesions 2. peritoneum
8. F 15 lleus due to intra- 1. peritoneum-colon ascendens
abdominal adhesions 2. peritoneum-appendix vermiformis
3. peritoneum —ileum
4. peritoneum —colon sigmoideus
9. M 16 lleus recidiva. Intra- peritoneum-ileum-omentum majus
abdominal adhesions
10. F 16 Intra-abdominal colon ascendens

adhesions (surgery of
presacral teratoma in age
of 4 months)

M — male; F — female; red marks the intact peritoneum.
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Immunohistochemistry

Multiple 6 pm thick sections of paraffin-embedded abdominal adhesion
tissues were routinely stained with haematoxylin and eosin (H&E). Standard
immunohistochemistry (IMH) was done according to Hsu et al [18]. Prior to
immunostaining, sections were deparaffinised and rehydrated. Sections were
processed in microwave for 20 min in 4% citrate buffer (pH 10), quenched for
10 min with 3% H,O, to block endogenous peroxidase activity, rinsed in phos-
phate-buffered saline (pH 7.4), pre-treated with a non-immune goat serum for
10 min to block nonspecific antibody binding and then incubated for 2 h with
the primary antibodies. The primary antibodies utilized in immunohistochem-
istry were rabbit polyclonal antibodies specific for hepatocyte growth factor
(HGE dilution 1:300, R&D System, DE), insulin-like growth factor 1 (IGF1,
dilution 1:50, R&D System, DE), insulin-like growth factor 1 receptor (IGF IR,
dilution 1:100, R&D System, DE), transforming growth factor beta (TGF-,
dilution 1:1000, Abcam, UK), chromogranin A (CgA, dilution 1:100, DakoCy-
tomation, DK). Immunoreaction was visualized by the avidin-biotin (LSAB)
immunoperoxidase method using an LSAB kit (DakoCytomation, DK). DAB
(3, 3-diamino-benzidine) solution (DakoCytomation, DK) was used to develop
the signals (brown colour) and haematoxylin was used for counterstaining.

Statistical analysis

Semi-quantitative analysis was used to estimate the proportions of immunopo-
sitive structures in abdominal adhesions [19]. The designations were as follows:
1 - few positive structures in the view field; 2 - moderate and 3 — numerous
positive structures in the view field. Statistical analysis was carried out using
the STATA 9.2 intercooled (State Corp, Texas, USA). For statistical analysis of
the distribution of immunopositive structures the Wilcoxon signed-rank test
(for comparison between intact and average data) and Wilcoxon rank sum test
(for comparison between data of children [group 1] and adolescents [group 2])
was used. P-value < 0.05 on 2-tailed test was considered statistically significant.

RESULTS

Routine staining demonstrated patchy fibrosis with round-shaped fibroblasts.
Neoangiogenesis was also remarkable in fibrosis regions. Perivascular invasion
with inflammatory cells was noted in three cases of group 1 patients and in half
of group 2 patients (Fig 1). Regional accumulation with macrophages was also
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detected among fibrotic tissue. Mesothelial cells demonstrated changed shape
only in two cases.

Figure 1. Typical micrograph of adhesions
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As adhesions of all sites were similar in expression of growth factors and chro-
mogranin A, we did not focus on analysis of different growth factors regarding
the adhesion site.

Altogether, in group 1, few adhesion cells expressed IGFI, few to moderate
cells - IGF IR and TGF-f, moderate number of cells - CgA, but moderate
to numerous — HGF (Table 3). The number of IGFI-, IGF IR and TGF-p-
containing structures increased in the group 2 adhesions, while there was
no difference between HGF and CgA positive cells in adhesions of younger
(group 1) and older children (group 2) (Figs 2-7). Significant difference
(P < 0.05) was observed between the number of positive structures for IGFI,
IGF IR and TGF-8 in adhesions of groups 1 and 2.

Table 3. Relative average number of growth factors and chromogranin A-containing cells in
adhesion tissues in children of different age groups

Factors IGFI IGF IR TGF-B HGF CgA
Group 1 (newborns and early +* +/++* +HA4+* ++
childhood) n=17
Group 2 (late childhood and ++ ++/+++ +++ ++/+++ ++

adolescents) n=10

* — statistically significant difference (P < 0.05)
HGF — hepatocyte growth factor, IGF1 — insulin-like growth factor 1, IGF IR — insulin-like growth
factor 1 receptor, TGF-f3 — transforming growth factor beta, CgA — chromogranin A.
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Figure 3. Micrograph of IGFI positive structures
taining structures in adhesions of an 8-month-  in the congenital adhesion group. Patient age —
old child. Chromogranin A IMH, X 400. 4.5 months. IGFI IMH, X 400.
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fibroblasts and macrophages in the acquired reactive fibroblasts in congenital group adhe-
adhesion group. Girl, age 15 years. IGFI IMH, sions. Girl, age 2.2 years. IGF IR IMH, X 250.
X 400.

Figure 6. Micrograph of numerous IGF IR im- Figure 7. Micrograph of numerous HGF ex-
munoreactive connective tissue cells in acquired  pressing fibroblasts in acquired adhesions of a
group adhesions. Girl, age 15 years. IGF IR IMH,  10-year-old boy. HGF IMH, X 250.

X 250.
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Moderately strong correlation was observed between TGF-f and HGF
(R = 0.48) expressing structures, as well as between HGF and CgA (R = 0.47)
structures in adhesions of our youngest patients.

From the comparison of immunoreactive structures between adhesion
site and intact peritoneum, statistically significant difference (P < 0.05) was
observed between the relative number of IGF IR, TGF-8 and HGF immuno-
reactive structures (Table 4).

Table 4. Relative average number of growth factors and chromogranin A-containing structures
in adhesions of late childhood and adolescent group (group 2) and intact peritoneum

Factors IGFI IGF IR TGF-B HGF CgA
Adhesions n =10 ++ +H+H++* [ ++
Intact peritoneum n =4 ++ + ++ +/++ ++

* — statistically significant difference (P < 0.05)
HGF - hepatocyte growth factor, IGF1 - insulin-like growth factor 1, IGF IR - insulin-like growth
factor 1 receptor, TGF-f3 — transforming growth factor beta, CgA — chromogranin A.

Moderately strong correlation was observed between IGFI- and IGF
IR-containing structures (R = 0.64), as well as between the number of HGF
and CgA (R = 0.66) immunoreactive structures in adhesions of older children.

From cells, mainly fibroblasts (and to a lesser extent also endotheliocytes)
were the ones showing the richest expression properties for growth factors
and chromogranin A, while only occasional and/or few mesothelial cells and
inflammatory cells demonstrated different factor expression in some cases in
group 1. Due to this fact and the presence in the intact peritoneum, the fibro-
blast expression for different factors was compared in group 2. A significant
difference (P < 0.05) was seen between positive fibroblasts expressing IGF IR,
HGF and CAB in adhesions and intact peritoneum (Table 5).

Table 5. Relative average number of growth factors and chromogranin A-containing fibroblasts
in adhesions of late childhood and adolescent group (group 2) and intact peritoneum

Factors IGFI IGF IR TGF-8 HGF CgA
Adhesions n =10 4+t A +++ +H/4++ ¥ A+ ¥
Intact peritoneum n =4 ++ +/++ ++ +/++ ++

* statistically significant difference (P < 0.05)
HGF - hepatocyte growth factor, IGF1 - insulin-like growth factor 1, IGF IR — insulin-like growth
factor 1 receptor, TGF-f3 — transforming growth factor beta, CgA — chromogranin A.
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A strong correlation (R = 0.8) was observed between the number of IGFI- and
IGF IR-containing fibroblasts, but a moderately strong correlation (R=0.6) was
detected between the numbers of HGF and CgA positive fibroblasts of the
children with a longer history of adhesions.

DISCUSSION

We detected a statistically significant difference in the expression of TGF-f,
IGFI, IGF IR between the congenital adhesion tissue and those of older
children, including adolescents. TGF- might be an important trigger of
extracellular matrix production and deposition [20]. Thus, we speculate on
intensification of its function with the “aging of adhesions” and the following
more prominent appearance of fibrosis. The last one is probably also stimulated
by IGFI which is known to increase collagen mRNAs synthesis in intestinal
smooth muscle cells [21]. An interesting observation is the medium strong
correlation of HGF and TGF-f in the congenital adhesion group. Probably this
is explained by the role of HGF which is a factor that blocks fibroblast function
to produce the extracellular matrix in cultures [22] and also acts as a compen-
satory mechanism in the early formation of adhesion tissues. However, this
mechanism seems to have changed later because the abovementioned corre-
lation disappeared in our patients with “older” adhesions. Thus, our results
disagree with Liu et al [23] who reported that local application of recombinant
adenovirus carrying the HGF gene reduced adhesion formation in rats.

Insulin-like growth factors I and II (IGFI and IGFII) are also potent mito-
gens that stimulate wound healing by increasing collagen synthesis in fibro-
blasts [24]. Besides mediating the growth and proliferation of smooth muscle
cells [20], many papers also describe the impact of TGF-p and IGFI on the
endothelium [25]. The presence of neoangiogenesis characteristic of adhesions
in our patients additionally proves a role of IGFI which is essential for normal
vascularisation and also stimulates angiogenesis [26]. However, the increase
of IGFI is not that simple and might appear to be in contrast to the endothe-
lial dysfunction through anti-apoptotic and anti-inflammatory properties
provided by this factor [27].

HGF expression was similar in adhesions between groups 1 and 2 but
differed between the adhesions of group 2 and the intact peritoneum. The
correlation between the HGF and CgA in all adhesion patients was significant.
Chromogranin A, a glycoprotein stored and co-released with various hormones
by neuroendocrine cells and neurons, and widely seen in non-neuronal cells


res://\\ld1062.dll/type=1_word=middle

80 | Mara Pilmane, Kaiva Zile Zarina, Zane Abola

fibroblasts in adhesions of our patients, can modulate cell adhesion [28].
Moreover, this function is provided by chromogranin A N-terminal frag-
ment vasostatin-1 which is responsible for the cytoskeleton changes [29] and
explains the changed shape of these connective tissue cells observed not only
by us but also by the above-mentioned authors.

As HGF inhibits TGF-P and collagen III in fibroblasts [30], the HGF-CgA
interaction seems to be an important adhesion formation regulatory mecha-
nism in morphopathogenesis of adhesion disease. Until now, the complex func-
tional role for HGF and TGEF-P has been described in studies about mammary
tumours that show a tumour-suppressive role of TGF-f signalling fibroblasts,
in part by suppressing HGF signalling between fibroblasts and epithelial cells
[31]. In a study of cancerogenesis, the increase in fibroblast released HGF is
suggested to stimulate the development of invasive tumours [32]. Probably, this
reversal function when HGF blocks the secretion of extracellular matrix from
tibroblasts but stimulates the migration of connective tissue cells is essential for
fibrosis and further adhesion formation.

Additionally, HGF is known to prevent endothelial cell death [33] and has
an opposite effect on fibrogenic stimulation of TGF-P1 [34]. HGF regulates key
inflammatory events that are common to many diseases and organ systems,
including suppression of apoptosis [35] and enhancing of matrix degradation
[34, 36].

A strong correlation between the number of IGFI- and IGF IR-containing
fibroblasts was detected in children with a longer history of adhesion illness,
and generally both factors here were notably marked in comparison to the
congenital adhesions. Similar data have also been found by other authors who
report the increased expression of these factors from the culture of adhesion
fibroblasts [15]. Thus, we can speculate about intensified cellular proliferation,
survival, differentiation, and transformation, which has been mentioned to be
a common result in the functions of IGFI and IGF IR [37]. Generally, these
molecular events influence the connective tissue cells like fibroblasts and are
especially intensive in long-time adhesions.

Our study proved the influence of mesodermal derived growth factors like
IGFI and its receptor, TGF-P, and HGF in the development of adhesions and
indicated the main role of CgA expressing fibroblasts into the development
of adhesion fibrosis in children of different ages, which do not depend on the
adhesion site in the abdominal cavity.
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CONCLUSIONS

Acquired adhesions (in adolescents and postsurgical patients) demonstrate a
strong increase of IGFI, IGF IR, and TGF- expression that proves their role in
adhesion modulation and in pathogenesis of adhesion disease.

HGEF selectively elevates only in adhesions of older children and thus might
depend not only on the disease process but also on aging.

From all the cells involved in adhesion formation, the most active are fibro-
blasts followed by endothelial cells and mesothelium. The cellular activity
seems to increase with the age of patients and probably also depends on other
factors (duration of disease, complications, etc.). Development of adhesions
changes the shape of fibroblasts, which stimulates the further development of
disease via intensive CgA expression.
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