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ABSTRACT

Intestinal malrotation is a failure of the bowel to attain the correct position 
during 5th to 10th week of embryogenesis that results in fixation of caecum to 
the upper part on the right side of abdominal wall with congenital peritoneal 
adhesions also known as Ladd’s bands. There are several factors speculated to 
have an impact on formation of the congenital adhesions, including intraute-
rine mesothelial trauma due to ischemia or an infectious agent. Therefore, the 
aim was to research expression of local pro- and anti-inflammatory factors, 
ischemia related factors and antimicrobial peptides in the tissue of congenital 
adhesions.

Biopsy samples of congenital peritoneal adhesions from 20 neonates that 
were 0 to 4 days old were gathered from the collection of Institute of Anatomy 
and Anthropology of Riga Stradins University. All biopsy samples were obtai-
ned during a primary laparotomy due to obstructive gut malrotation. Tissue 
samples were stained with hematoxylin and eosin, as well as immunohis-
tochemical staining with antibodies to VEGF, IL-1, IL-6, IL-10 and human 
β-defensin 2 was also performed.

Relatively increased quantity of IL-10, IL-6 and human β-defensin 2 was 
discovered, that suggests an activation of an anti-inflammatory response, 
possibly due to an intrauterine infection. Additionally, a relatively increa-
sed amount of IL-10 and IL-6 positive macrophages and fibroblasts suggests 
that a persistant inflammation triggered development of fibrous tissue. Inc-
reased quantity of human β-defensin 2 positive and decreased quantity of 
VEGF positive endothelial cell suggests that angiogenesis was mediated by 
β-defensin 2 independentaly from VEGF pathway.
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INTRODUCTION

Intestinal malrotation is a failure of the bowel to attain the correct position 
during 5th to 10th week of embryogenesis that results in fixation of caecum 
to the upper part on the right side of abdominal wall with peritoneal adhe-
sions also known as Ladd’s bands [20, 24]. The reported incidence of intestinal 
malrotation is approximately 1 case per 500 births. In up to 80% it presents 
itself during the first month of life as bile vomiting of the newborn due to a 
duodenal obstruction [8]. Therefore, this condition requires an urgent surgical 
intervention [16]. Unfortunately, there are sparse publications that show the 
possible aetiology and pathogenesis of the congenital peritoneal adhesions. 
There are several factors speculated to have an impact on formation of the 
congenital adhesions, including genetic defects that impair intestinal embryo-
genesis and intrauterine mesothelial trauma due to ischemia or an infectious 
agent [1, 5, 20].

Formation of peritoneal adhesions is a result of a synergic impact of three 
factors on the peritoneum – mesothelial trauma, hypoxia and inflammation 
[2]. Mesothelial injury is followed by a local inflammation, increased vascular 
permeability and exudation of fibrin. The fibrinous clot is an essential scaffold 
for peritoneal repair that promotes mesothelial migration. However, persis-
tence of the fibrin due to impaired fibrinolysis leads to migration of fibroblasts 
followed by synthesis of extracellular matrix (ECM), vascular ingrowth and 
formation of peritoneal adhesions [22]. Fibrinolysis can normally be achieved 
by plasmin that is produced from plasminogen. Production of plasmin is 
upregulated by tissue plasminogen activator (tPA) and downregulated by 
plasminogen activator inhibitor – 1 (PAI-1) [2, 22]. Impaired balance between 
these systems that can be provoked by hypoxia and inflammation and it is a 
pivotal factor in adhesiogenesis. 

The inf lammatory response involves fibroblasts and macrophages 
recruited into the fibrinous clot, as well as mesothelial cells that secrete 
 several cytokines, including tumor growth factor-β1 (TGF-β1), tumor necro-
sis factor-α (TNF-α), IL-1 and IL-6 [15, 22, 27]. TGF-β1, TNF-α, IL-1 and IL-6 
are pro-inflammatory cytokines that are associated with increased secretion of 
PAI-1 and reduced release of tPA. TGF-β1 can additionally stimulate collagen 
and fibronectin synthesis by fibroblasts and inhibit ECM resorption [2, 22]. 

IL-10 is an anti-inflammatory cytokine that is expressed by macrophages 
and lymphocytes [23]. Production of IL-10 is dependent on many factors and 
can be mediated through Toll-like receptors (TLR). TLRs are a part of an 
innate immune system that recognize several types of signals and modulate 
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the function of inflammatory cells [12]. These signals include pathogen-asso-
ciated molecular patterns (PAMPs) and danger-associated molecular patterns 
(DAMPs) [4, 10]. DAMPs are endogenous mediators that are released from 
necrotic cells. In an in vivo experiment TLR 4 in response to DAMPs in a ster-
ile wound induced production of IL-10. This was associated with inhibition of 
TGFβ and thus reduced collagen production and reduced neoangiogenesis [4, 
14]. However, PAMPs consist mainly of structural components of infectious 
agents, including lipopolysaccharides (LPS) of Gram negative bacteria and 
major outer membrane protein (MOMP) of Chlamydia spp.. TLRs in response 
to LPSs are capable of inducing simultaneous production of IL-10 and sev-
eral pro-inflammatory cytokines. Subsequently, IL-10 suppresses responses 
of T helper 1 lymphocytes (Th1) by inhibiting production of TNFα and INFγ. 
However, it enables Th2 responses that include production of IL-6 [7]. In an in 
vivo model of a bacterial peritonitis a persistent inflammation induced IL-6 
mediated peritoneal fibrosis [9].

Hypoxia is associated with increased production of vascular endothelial 
growth factor (VEGF) in the endothelium through activation of hypoxia 
inducible factor – 1α (HIF-1α) in the fibroblasts and mesothelial cells. VEGF 
induces angiogenesis by remodeling vascular basement membrane and pro-
moting migration and proliferation of endothelial cells [22, 25]. Hypoxia inhib-
its apoptosis and has several additional effects on the fibroblasts that promote 
adhesiogenesis [2, 22]. However, there is an alternative Human β-defensin 2 
(hBD 2) dependent pathway that also promotes angiogenesis [3, 13]. 

Human β-defensin 2 (hBD 2) is an antimicrobial peptide that is a part of 
the innate immune system and is predominantly expressed by keratinocytes, 
epithelium and mesothelium. Expression of hBD 2 is induced by LPS through 
TLR, additionally inflammatory stimuli such as IL-1β and TNFα also upregu-
late hBD 2 expression [10]. Besides a well-known bactericidal activity, hBD 2 
is a chemoattractant of macrophages and neutrophils, and is also considered 
a pro-angiogenic factor that stimulates migration, proliferation and capillary-
like tube formation of endothelial cells, independently from VEGF pathways 
[3, 13]. Higher serum levels of hBD 2 also correlate with increased production 
of INFγ and IL-10 by T-cells [11], inversely IL-10 inhibits expression of hBD2 
[6], thus a negative feedback mechanism is plausible.

On the basis of all of the above mentioned the aim of our work was to 
research expression of local pro- and anti-inflammatory factors, ischemia 
related factors and antimicrobial peptides in congenital adhesion.
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MATERIALS AND METHODS

Biopsy samples of congenital peritoneal adhesions from 20 neonates that were 
0 to 4 days old were gathered from the collection of Institute of Anatomy and 
Anthropology of Riga Stradins University. All biopsy samples were obtained 
during a primary laparotomy due to obstructive gut malrotation and several 
additional pathologies (see Table 1). Permission was granted by the Ethics 
Committee of Riga Stradins University on March 12th, 2007.

Biopsy samples were fixed in Stefanini’s solution and embedded in paraffin, 
4 μm thick sections were stained with hematoxylin and eosin, subsequently 
immunohistochemical staining was performed with antibodies to vascular 
endothelial growth factor (anti-VEGF, 1:50 solution, Santa Cruz, USA), inter-
leukin-1 (anti-IL-1, 1:50 solution, Santa Cruz, USA), interleukin-6 (anti-IL-6, 
1:50 solution, Santa Cruz, USA), interleukin-10 (anti-IL-10, 1:400 solution, 
Abcam, England), PGP 9.5 (anti-PGP 9.5, 1:200 solution, Invitrogen, USA) 
and β-defensin 2 (anti β-defensine 2, 1:100 solution, R&D systems, Germany). 

Stained samples were microscoped and photographed at 200X, 250X, 400X 
magnification, and evaluated using semi-quantitative method. Depending on 
the relative quantity of positively stained structures, specimens were rated as 
having a few positive structures (+), moderate quantity of positive structures 
(++), numerous quantity of positive structures (+++) and an abundant amount 
of positive structures (++++) [Pilmane M, 1998]. 

Data analysis was conducted using Statistical Package for the Social Sci-
ences (SPSS) program version 20.0. Results of semi-quantitative evaluation 
were transformed into numerical form, where + is equal to 1, ++ is equal to 2, 
+++ is equal to 3, ++++ is equal to 4 and a negative result is equal to 0. Non-
parametric statistics were used and Spearman’s rank correlation coefficient 
was calculated to compare co-expression of the markers in the biopsies. Two-
tailed P values of ≤0.05 were considered as statistically significant. 

RESULTS

Congenital adhesions revealed neoangiogenesis and slightly round fibroblasts, 
a perivascular inflammatory infiltrate (Fig. 1), as well as fibrinous deposits 
and formation of polynuclear epithelioid cells (Fig. 2).

Immunohistochemical staining (Table 1) of the congenital adhesions sam-
ples revealed a few (+) VEGF positive endotheliocytes (Fig. 3), as well as a few 
(+) IL-1 positive macrophages (Figure 4). In 3 samples IL-1 positive structures 
were absent. Few to moderate quantity (+/++) of IL-6 and IL-10 positive mac-
rophages and fibroblasts were present in congenital adhesion samples  (Figure 5 
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and 6). Moderate to numerous number (++/+++) of human β-defensin 2 posi-
tive endotheliocytes, myocytes and macrophages were also observed (Figure 7). 

There was no correlation identified (Table 2) with Spearman’s Rank test 
between IL-10 and human beta defensin 2 (rs[20]=–0,066 , p=0,784).

Figure 1. Perivascular infl ammation in  a 
 congenital adhesions patient 5, H&E, 400x.

Figure 2. Polynuclear epitheloid cell in a 
congenital adhesion specimen, patient 11, 
H&E, 400x

Figure 3. VEGF positive endothelium in 
 congenital adhesions of patient 14, VEGF 
IMH, 400x

Figure 4. IL-1 positive epithelioid cells in 
 patient 11, IL-1 IMH, 400x
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Figure 5. IL-6 positive epithelioid cells in pa-
tient 11, IL-6 IMH, 400x

Figure 6. IL-10 positive fi broblasts and mac-
rophages in congenital adhesions of patient 
9, IL-10 IMH, 400x

Figure 7. Human β-defensin 2 positive epi-
thelium in a congenital adhesions specimen, 
HBD2 IMH, 400x
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Table 2. Spearman’s Rank test correlation between IL-10 and HBD2 in congential adhesion 
tissue samples.

Correlation rs P value

IL-1 and HBD 2 –0,066 0,784

DISCUSSION

The relatively increased quantity of IL-6, IL-10 and HBD 2 positive structures, 
in comparison to the relatively decreased quantity of IL-1 positive structures, 
points out to a possible impact of PAMPs mediated through Toll-like receptors 
[7, 10]. In other words macrophages and lymphocytes produce IL-6, IL-10 and 
HBD 2 in response to a possible stimulation by LPS, thus the presented results 
allow us to speculate that formation of congenital adhesions could be a conse-
quence of an intrauterine exposure to an infectious agent. Previous research 
has demonstrated that IL-10 is anti-inflammatory cytokine associated with 
decreased development of fibrosis [2, 22]. Nevertheless, a recent publication 
demonstrated that IL-10 predominantly inhibits production of TNFα and that 
expression of IL-6 is less affected [7]. Persistent inflammation and repetitive 
production of IL-6 is associated with development of peritoneal fibrosis [9]. 
This is a proposed immunological mechanism for the development of the con-
genital adhesions. This is also supported by a recent experiment. The in vivo 
experiment showed that chorioamnionitis associated with intrauterine expo-
sure to LPS leads to impaired gut development due to inflammatory responses 
mediated through TLRs [28].

The relatively small quantity of VEGF positive structures demonstrates 
that there was no pronounced hypoxia that could have stimulated neoangio-
genesis during the formation of congenital adhesions [25]. However, increased 
quantity of HBD 2 positive endotheliocytes point to angiogenesis that could 
have resulted from an impact of LPS on TLR 4 [3, 13].

There was no linear correlation found between IL-10 and HBD 2. The lin-
ear correlation between IL-10 and HBD 2 was evaluated due to data that the 
expression of these factors is dependent upon each other [6, 11]. Increased level 
of IL-10 to HBD2 ratio could have indicated a negative feedback mechanism 
exerted by IL-10 on HBD 2 [6]. However, there are several possible explana-
tions our results. Production of IL-10 can be induced by several pathways inde-
pendently from TLR 4 and HBD 2. Therefore, other unknown factors can 
modify expression of IL-10 and the relationship between IL-10 and HBD 2. 
Our patients showed clinical variability. Other researches have also encoun-
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tered a similar trend. Intestinal malrotation and congenital adhesions are 
often a part of multivariate syndromes, although non-syndromic cases have 
also been described [20]. Different genetic mutations, including mutation of 
Foxf1 gene, have been implicated [19]. Therefore, intestinal malrotation and 
congenital adhesions combine a broad spectrum of diseases with different, 
possibly multifactorial aetiology, and a comprehensive research of the pos-
sible role of intrauterine infection in pathogenesis of the congenital adhesions 
is appropriate.

CONCLUSIONS

1.  Relatively increased quantity of IL-10, IL-6 and HBD2 suggests an activa-
tion of an anti-inflammatory response, possibly due to an intrauterine 
infection. Additionally, a relatively increased amount of IL-10 and IL-6 
positive macrophages and fibroblasts suggests that a persistant inflam-
mation triggered development of fibrous tissue. 

2. Increased quantity of human beta defensin 2 positive and decreased 
quantity of VEGF positive endothelial cell suggests that angiogenesis was 
mediated by human beta defensin 2 independentaly from VEGF pathway.
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