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Abstract

The incisional hernias are one of the most common surgical pathologies
worldwide. The achievements of medical science in recent decades have
significantly improved the results of treatment of this disease, due to the
justification and implementation of various methods of hernioplasty with
implantation of synthetic endoprostheses. At the same time, the incidence
rate of incisional hernias remains fairly high. For several years, research
has been conducted to study the molecular and cellular mechanisms of
incisional hernias formation. The key issue in the problem of tissue repair
disorders after laparotomy is to understand the processes of extracellular
matrix organization and fibroblast activation. The extracellular matrix
appears to be a unique environment that promotes the proper structuring
of collagen fibers, the acquisition of postoperative scar strength and
timely wound cavity contraction. The regulation of extracellular matrix
homeostasis depends on many factors that affect the timing and usefulness
of tissue repair after surgical trauma. The main regenerative potential

consists of populations of fibroblasts responsible for the synthesis and
degradation of collagen. Extracellular matrix and fibroblasts have a
multifactorial effect on wound repair and imbalance of their interaction
can contribute to the formation of incisional hernias. Molecular compounds
synthesized by fibroblasts, which include matrix metalloproteinases,
matrix metalloproteinase inhibitors, as well as actin and collagen proteins,
play an important role both in the healing of surgical wounds and in the
formation of hernias. Identification of critical points in the pathogenesis of
incisional hernias at the molecular and cellular levels will make it possible
to predict and prevent their formation. This opens up new opportunities
for precision stratification of patients before abdominal wall hernia repair
and the choice of personalized surgical tactics.
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MOﬂeKy.HSIprIe N KJ1IeTOYHbI€ aCneKTbl naToreHes3a
nocineonepaumoHHbIX BEHTPAJIbHbIX FPbiIX

0.B. N'anumos, B.0. XaHoB, M.P. BakeeB

Pre0Y BO «balukupckuii rocyaapcTBeHHbIM MeQUUMHCKUIA yHUBepcuTe™» MuHagpasa Poccuu
(Ydopa, Poccuitckas Pepepauus)

AHHOTauus

HOCJ’[EOHepaLII/IOHHbIe BeHTPaJ/IbHbIe I'PBIKU SBJIAIOTCS OAHUMU U3 CAMbBIX
PpacpoCTpaHeHHbIX XUPYPIruiecKux TIATOJIOTHUM BO BCEM Mmupe. ,[[OC’I'[/DKEHI/ISI
MeZ[I/ILII/IHCKOﬁ HayKHY 3a IocjiefHue OeCATHUIeTHs I03BOJIUIN 3HAYUTeJIbHO
YIAy4qIIUTb pe3yiibTaThl JIeYeHUsI JaHHOT'O BaGOHeBaHHﬂ BCJIeACTBUe 060CHO-
BaHUA U BHEJIpeHUSs PA3/INIHBbIX CHOC060B TepHUOIIJIaCTHK C HMHHaHTaHHeﬁ
CHUHTeTUYeCKUX SHAOMIPOTe30B. B TO JKe BpeMs 9aCTOTa BO3HUKHOBEHUSsI
ocjieonepaiquoOHHBIX BeHTPAJIbHBIX I'PBIXK OCTaeTCs Ha JOCTATOYHO BBICO-
KOM ypOBHe. Ha MIPOTAXKeHUU HeCKOJIbKUX JIeT IIPOBOAATCS UCCIeJOBaHWS,
HarrpaBJIeHHbIE Ha U3y4YeHHe MOJIEKYJIIPHBIX U KJIETOYHBIX MeXdHU3MOB d)Op-
MUPOBaHUS IMTOCTIe0NepalfuOHHbIX I'PBIXK. KJ’[IO‘IeBbIM BOIIPOCOM B HpoﬁneMe
HapyIieHus pernapanuu TKaHeH mocje J'Ial’IapOTOMHI)’I SBJIIeTCsI IIOHUMaHHue
IIponeccoB OpraHU3ally BHEKJIETOYHOI'O MaTPUKCA U dKTUBU3AIIUU LI)I/I-
6pobmacToB. BHekyIeTOUHBIM MaTPUKC IpeJicTaeT TOM YHUKAILHOHM Cpeloi,
CHOCOGCTBy}OIJ.IefI HpaBI/IJ'[bHOfI CTPYKTYypPU3allUH KOJIJIAareHOBLIX BOJIOKOH,
TIproOpeTeHnI0 MPOYHOCTH NOCTIeoNepaliiOHHOro pydna U CBoeBpeMeH-
HOM KOHTPaKIIun paHeBOﬁ TIOJIOCTH. PeI‘yJ'ISII_II/IH TroOMeoCTa3a BHEeKJIeTOYHOIr'o
MaTpPUKCA HAXOQUTCS B 3aBUCUMOCTH OT MHOT'UX (1)aKTOpOB, BIIMAIOIIHWX HaA
CPOKH U IIOJTHOIIEHHOCTh pernapanuu TKaHeu 1mocje OHepaLII/IOHHOfI TPaBMBI.

www.innoscience.ru

OCHOBHOH pereHepaTOPHELII IOTEHIHAJ COCTABIISIIOT NOMYIISIIUU GuOpo-
651aCTOB, OTBETCTBEHHBIX 3a CUHTe3 U Jlerpajjaliiio KojulareHa. Baekie-
TOYHBIN MaTPHUKC ¥ GUOPOOIACTHI OKA3BIBAIOT MHOTOPAKTOPHOE BIIUSHUE
Ha pelapallyIO paHbl, U HapylleHus 6ajlaHCa UX B3aUMOJEHCTBUS MOXeT
crnocobcTBOBaTh GOPMHUPOBAHUIO NIOCTIE0NIePAllMOHHBIX BEHTPAJIbHBIX IPBIK.
Cunresupyemble GpubpobiacTaMy MOJIEKYIISIPHbIe COeIUHeHMHs], K KOTOPEIM
OTHOCSTCS MaTPUYHble METaJIJIONPOTEeNHAa3bl, TKaHeBble UHIMOUTOPHI Me-
TaJUIONPOTENHA3, @ TAK)Ke aKTHHOBBIE U KOJIareHOBbIe GeJIKY, UTPAloT BaX-
HYIO0 POJIb KaK B 3a’KUBJIEHUU OllepPallUOHHON paHbl, TaK U B GOPMUPOBAHUU
rpepk. OmperniesieHrie KPUTHYECKUX TOUEK ITaToreHe3a M0 CIeoepanioHHBIX
BEHTPAJILHBIX I'PLDK HAa MOJIEKY/SIPHOM M KJIETOYHOM YDOBHSIX II03BOJIUT
MIPOTHO3MPOBATh ¥ NPOGUIAKTHPOBATh X 0bpa3oBanue. IIpu aToM OTKpLIBa-
IOTCS] HOBble BO3MOXHOCTH ISl IPeLIU3MOHHOM cTpaThdUKaliy NallieHTOB
Tiepey] ONepaTUBHBIM JiedeHHeM I'PBDK U BEIOOpa IIepCOHUPHUITMPOBAHHON
XUPYPTrUIecKOr TaKTUKU.

KurroueBsle c10Ba: OCIIEOEPAIOHHbIE BeHTPAIBHBIE IPDKH, BHEKIIETOUHBIN
Marpukc, GubpobiacTsl, KoJyIareH, MoJjleKyJsipHble MeXaHU3Mbl perapalyu.
KoHdukT HHTEpecoB: He 3asBIleH.
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m INTRODUCTION
Anteroventral hernias remain some of the long-
standing unresolved problems of surgical science.
The history of the problem is decades old originating from
the moment of formation of surgery as a medical science
[1]. The most complicated and socially impactful are the
hernias related to previous surgeries of the abdomen [2-
5]. Recent data shows that the incisional ventral hernias
(IVH) occur after 10-20% laparotomies; at the same
time, in high-risk patients, the incidence may reach 70%
[6]. Throughout XX century, experience and knowledge
has been accumulated in the area of surgical treatment
of IVH, an in that way, many original and progressive
methods have been created to restore the normal anatomy
of the abdomen after herniotomy. From the time of advent
and large-scale implementation of mesh endoprosthetics
to reinforce the anterior abdominal wall in reparative
surgeries of hernias, the outcomes of treatment of [VH
patients improved significantly. At the same time, even
with the development and improvement of surgical
methods, significant reduction of IVH formation incidence
and I'VH recurrence is still a standing problem.

Surgical access during different operations of the
abdomen has always been selected from the standpoint
of comfortable visualization of the surgery area without
regard to the common factors of tissue regulation of
the wound repair and formation of the surgical scar.
In order to understand the problem of IVH formation,
it is important to know the specifics of not only the
macroscopic but cellular composition of the structures
of the anterior abdominal wall. The interaction between
the cells and molecules involved in the tissue reparation
and regeneration following the surgical wound becomes
especially important. The re-conceptualization of the
process of formation of the surgical scar, and discovery
of new correlations of the formation and structurization
of connective tissue may significantly improve both the
outcomes of surgical treatment of IVH and reduce the
incidence of IVH formation and recurrence [7, 8]. In the
recent decades, the pathogenesis of IVH on various levels
of biological organization has been the focus of many
studies. Papers published by Russian and foreign authors
show a distinct shift from the anatomical level of studies
to histological and molecular. This is well justified by the
necessity of search for pathogenic links of hernia formation
on the initial level of cellular and subcellular organization
[9, 10]. The study of molecular mechanisms of formation
of IVH opens new horizons for the prediction, prevention
and treatment of the pathology [11, 12].
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The goal of this review is to update the latest
achievements in the studies of molecular and cellular
mechanisms of IVH formation, to give a critical view of
specific pathogenic processes of reparation of surgical
wound tissues, and to look for new diagnostic and
treatment targets of antero-ventral hernias.

Method of search for sources. The search for literature
was performed in the RSCI and PubMed databases using
the following keywords: incisional hernias, molecular
mechanisms of hernia formation, cellular mechanisms of
hernia pathogenesis, extracellular matrix, the importance
of fibroblasts in the formation of incisional hernias. Only
the papers published in the past 20 years were selected.
For the purposes of our review, we selected the systematic
reviews and meta-analyses, randomized controlled studies,
international recommendations and literature reviews.
We also reviewed references of the selected papers.
Subsequently, we chose the papers based on the analysis
of the full text, abstract, level of validity and statistical
significance of presented results. The search for sources
for this review produced 65 articles to be included.

m HOMEOSTASIS OF THE EXTRACELLULAR
MATRIX IN THE REPARATION OF THE
LAPAROTOMY WOUND

The incision of the anterior abdominal wall to provide
surgical access is a serious injury that is accompanies with
a classic inflammatory reaction that progresses in aseptic
conditions. The reparative processes after laparotomies
are aimed not only on the closure of the wound and the
isolation of the abdomen, but on the reinforcement of
the injured area by excessive synthesis of connective
tissue. In the early post-surgery period, the strength of
the incision line is secured with sutures on the layers of
the anterior abdominal cavity thus creating conditions
for a favorable progression of the wound process. The
complete reparation of the tissues after the laparotomy
occurs 100 days after the surgery, and the strength of the
scar is up to 90% from that of the physiologically normal
tissue of the anterior abdominal wall [13]. The highest
importance in the process of healing of the tissues of the
abdominal wall, aponeurosis in the first place, is attached
to the structure and the composition of the extracellular
matrix (ECM). In response to the alternation and the
inflammation, thrombocytes, neutrophils, macrophage
and lymphocytes migrate from the systemic blood flow
to the wound area. These cells form a spatial structure
without a distinct organization, or the temporary ECM
[14]. Multiple proinflammatory cytokines responsible
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for cellular adhesion are produced, viz. interleukin-1 beta
(IL-1p), tumor necrosis factor alpha (TNF-a) and gamma
interferon (IFN-y) [15, 16]. The mechanical strength of the
temporary ECM is low and depends on the thrombocytes
and fibrin. At this initial stage of tissue reparation,
integrity of the temporary ECM until formation of the
collagen matrix is especially important. The insufficient
intraoperative hemostasis results in the formation of
a hematoma; at the same time, the temporary ECM is
disorganized and the time of wound healing increases [17,
18]. This phenomenon contributes to the formation of IVH
and recurrent of hernias after hernioplasty.

The study of properties of intracellular interactions in
the spatial model produced the notion of the matrisome, a
complete set of all proteins and genes encoding them that
form the ECM. The view of the ECM as a dynamically
changing cytological platform opens a new view of the
processes of reparation of connective tissue and formation
of hernias. The changes of the matrisome and the loss of
mechanical strength of the ECM are associated with the
proliferation of an abnormal population of fibroblasts.
Some studies showed an increase of atypical fibroblasts
responsible for the disruption of normal synthesis of
collagen in early incontinence of the laparotomy wound
[19, 20]. The analysis of the matrisome provides an
opportunity of identification of the leading cascades of
molecular reactions and cellular interactions responsible
for the mechanotransduction of tissues [21-23]. The study
of the matrisome may enable identification of genetic
determinants and predictors of formation of hernias of
the anterior abdominal wall.

Thus, various components of the ECM may influence
the processes of reparation of the laparotomy wound and
participate in the formation of IVH. The complex analysis
of the composition of the ECM in the formation of IVH
will identify the pathogenic targets in order to address the
disorders of tissue homeostasis in advance.

m REGULATION OF COLLAGEN
METABOLISM AND ITS ROLE
IN THE PATHOGENESIS OF IVH

The primary granulation tissue of the wound surface
after the laparotomy predominantly consists of elastin
and type III collagen. As healing progresses and phases
of regeneration change, there occurs a significant
reorganization of the ECM and its elements. The formation
of a strong scar stems from the replacement of cellular
and molecular components in the place of the surgical
wound. The restructuring of the ECM is related to the
loss of type III collagen by the granulation tissue, its
replacement with type I collagen, contraction of the
wound due to fibroplasia and mechanotransduction of
myofibroblasts [24, 25]. These key processes underlie
the acquisition of mechanical strength and decrease of
the size of the wound, processes, whose disruption is
of highest importance for the formation of IVH. At the
same time, the significance of other types of collagen is
also studied; type IV collagen involved in the formation
of the basal membrane of cells, and type V collagen
regulating the processes of fibrillogenesis, are in the focus
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of scientific interest. The work of N. Henriksen et al.
(2015) demonstrated the changes in the quantities of type
IV collagen in patients with and IVH and patients without
hernias. Thus, the IHV group showed a greater activity
in the processes of denaturation and resynthesis of this
protein [26]. L. Lorentzen et al. (2018) also demonstrated
higher metabolic activity with respect to type V collagen
in patients with IVH [27].

The processes of physiological remodeling of the ECM
are mediated by the activity of matrix metal proteinases
(MMP). The MMP family includes 23 proteins with a wide
variety of biological substrata and respective functions.
The major role of all proteins in this family is involvement
in the ECM homeostasis in the healing of wounds. Some
studies demonstrated their activation by numerous
proinflammatory cytokines, hormonal substances and
growth factors, most important of which are the IL-1,
TNF-a and tissue inhibitors of metal proteinases (TIMP)
[28-31]. The TIMP are zinc-mediated endopeptidases
capable of breaking down all types of ECM proteins. There
are four types of these enzymes, viz. TIMP-1, TIMP-2,
TIMP-3 and TIMP-4 [32]. In physiological conditions,
the distribution of MMP and TIMP is 1:1, which ensures
the continuity of protein composition of the tissue and
the ECM. The change in the MMP to TIMP ratio may
influence the metabolism of collagen, which was seen
in patients with IVH. In their work, J. Guillen-Marti et
al. (2009) demonstrated a correlation between MMP and
TIMP in the tissues of IVH patients. The authors noted the
decrease of RNA TIMP-3 transcripts in the aponeurosis
and TIMP-4 in the skeletal muscles, as well as TIMP-3 in
the tissues of hernia defect in IVH patients [33].

Exposed to MMP proteins, type III collagen denaturates,
and the fibroblasts receive the signal for the synthesis of
type I collagen, whereupon gradual replacement of protein
in the tissue occurs [34]. The process progresses in a
dynamic equilibrium, which ensures a balance between
the synthesis of collagen and its breakdown, and the ECM
and the forming scar acquire the necessary mechanical
strength. What is interesting is that the regulation of the
ECM homeostasis is highly variable and depends not only
on the synthesis of collagen forms but on its degradation
as well, which may directly influence the formation of
IVH. Some studies demonstrated a correlation between
the disorganization of the ECM and increased activity of
MMP-1, MMP-2, MMP-9 and MMP-13, and a correlation
with the formation of hernias of the anterior abdominal
wall [35, 36]. The proven role of changes in the type I
collagen to type III collagen ratio in the regulation of
the ECM homeostasis allowed for a detailed study of the
molecular mechanism of IVH formation. At the same time,
the regulation of processes of collagen degradation may
have no lesser meaning than that of its synthesis. The work
of R. Rosch et al. (2006) studies the influence of MMP
on the formation of IVH. The authors reported elevated
expression of MMP-2 in the connective scar tissue of IVH
patients [37]. At the same time, the work of J. Salameh et
al. (2007) also demonstrated high expression of MMP-2
in IVH; however, the analysis involved the tissues remote
from the hernia defect [38]. This phenomenon shows the
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systemic pathology of the metabolism of connective tissue
involving MMP, not the local dysregulations.

The products of collagen breakdown in the course of
the ECM remodeling or its abnormal synthesis go to the
systemic blood and may be detected as serum biomarkers.
The level of markers of collagen breakdown circulating
in the bloodstream characterizes its homeostasis on the
organismic level, since this protein and its forms are
seen in various organs and systems [39]. Some studies
were performed that demonstrate the correlation between
the indicators of collagen breakdown and status of IVH
[40]. H. Kayashima et al. (2015) studied serum levels of
fragments of type IV collagen in [IVH patients. They found
that the level of serum N-terminal propeptide of the 7S
domain of type IV collagen (P4NP-7S) was elevated in
patients with IVH and was related to the development
of ventral hernias [41]. It is not out of the question that
there are other serum markers of collagen degradation
influencing its metabolism and the fibroblast function.
These circulating oligopeptides may serve as valuable
tools for IVH prediction.

The analysis of collagen-mediated molecular reactions
in the process of wound reparation is vital to the
understanding of [IVH pathogenesis. Elevated synthesis of
type I collagen on the tissue level may preclude formation
of IVH after any kind of laparotomy, since this protein
is the main component of the ECM that determines the
strength and integrity of the scar. On the other hand,
suppression of type I collagen degradation has a positive
effect on its metabolism and functional activity. In recent
years, there were some breakthroughs in the identification
of points of impact on collagen exchange regulation in
order to prevent IVH and plan the treatment thereof.

m FIBROBLAST POPULATIONS AND THEIR
SIGNIFICANCE IN IVH FORMATION

Laparotomy induces a fibroproliferative response mediated
by endogenous inflammatory factors. Fibroblasts are
major participants of regenerative processes in the wound
that synthesize collagen and form the ECM structure.
Under physiological repair conditions, fibroblasts migrate
into the injury site starting from day two and participate
in granulation tissue formation over a four-day period.
In response to the inflammation mediators, the inter-
cellular interactions stimulate fibroblasts to synthesize
collagen, the main ‘construction’ protein [42]. The
accumulation of collagen ensures strength of the ECM,
which regulates its normal functioning and supports its
homeostasis [43]. The disruption of collagen metabolism
in the formation of the ECM is a known factor of IVH
development. Predominance of type III collagen over type
I reduces the mechanical strength of ECM and alters its
architecture [44]. Of particular interest are the causes of
abnormal collagen synthesis during tissue repair, which
are associated with the functional activity and phenotype
of fibroblasts, which constitute the main regenerative cell
pool of the ECM [45].

Migration, proliferation and activation of collagen
synthesis by fibroblasts are regulated by cytokines, platelet-
derived (PDGF) and vascular endothelial (VEGF) growth
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factors [46]. Molecular mechanisms of tissue repair directly
depend on synthetic activity of fibroblasts. The key feature of
fibroblasts as participants of [VH pathogenesis is the change
of their functional activity and synthesis of type III collagen
instead of type I collagen. Other processes of biological
tissue repair demonstrate decrease or cessation of synthetic
activity of fibroblasts, e.g. process of healing of trophic
and ulcerous defects of various tissues [47]. The analysis
of morphological characteristics of tendon and fascial
elements of the anterior abdominal wall in IVH revealed
significant specific features of their cellular composition
and structure. The histological analysis of sections of IVH
tissue showed deficiency of the ECM, decreased quantity
of fibroblasts and immune cells. The cytological analysis
of fibroblasts from the IVH tissue showed their significant
deficiency: spindle morphology, vacuolated cytoplasm,
swollen mitochondria and elevated expression of vimentin.
Another important feature of fibroblasts from [VH is their
increased apoptotic activity and propensity for autophagy
[48]. Differentiation of fibroblasts is highly important in the
processes of tissue repair after laparotomy. Selection of cell
populations occurs due to unfavorable conditions of wound
healing (suppurative inflammation, eventration, hematoma),
which promotes degradation of the ECM, synthesis of type
III collagen and mediates the formation of IVH.

In the structure of the ECM cells, there is a population
of fibroblasts that is a component of connective tissue
before the onset of the surgical wound. This cellular pool
is referred to as resident fibroblasts that stay at rest without
any endogenous stimulation. As compared to dermal
fibroblasts, the resident fibroblasts have a greater plastic
potential with respect to collagen. The greatest amount
of resident fibroblasts was found in the fascial structures
of the anterior abdominal wall. Laparotomy stimulates
proliferation and migration of fascial fibroblasts, which
fosters proper organization of the ECM. Recent data
shows that the functional activity of fascial fibroblasts and
dermal fibroblasts is different [49]. The special feature of
resident fibroblasts is the synthesis of various components
of the matrisome including proteoglycans, fibronectin and
hyaluronic acid [50]. At the same time, resident fibroblasts
are not only sources of collagen but also of enzymes
involved in its breakdown. These cells synthesize MMP-
1, MMP-2, MMP-9, MMP-19, and TIMP-1, TIMP-2,
TIMP-3 [51]. This fact provides a completely new view
of fibroblasts in the tissue repair process after laparotomy,
including in the process of IVH formation. The regulation
of synthetic activity of fibroblasts allows for changes in the
strength of the connective-tissue scar on various stages of
its organization. It would be logical to suggest, therefore,
that such regulation is mediated both by exogenous stimuli
and by the endogenous stimuli, including genetically
determined ones.

Another important feature of fibroblasts is their
differentiation to myofibroblasts, a contractile phenotype
synthesizing the smooth muscle alpha-actin (a-SMA).
Myofibroblasts are unique cells of connective tissue that
are capable of mechanotransduction. The contraction
of actin proteins causes contraction of the ECM and
alignment of the edges of the wound cavity [52]. The stress
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in the intercellular interaction of the ECM fibroblasts
triggers a cascade of specific reactions resulting in the
activation of mechano-sensitive genes of the matrisome.
Mechanotransduction of the ECM also initiates the
differentiation of fibroblasts to myofibroblasts. In the
process of wound repair, the latter act as additional
markers of scarring and fibrosis [53, 54]. Myofibroblasts
are also involved in the remodeling of the ECM at later
stages of repair and ensure wound contraction by stress
fibers and formation of a-SMA. As repair processes come
to an end, the number of myofibroblasts decreases due to
their apoptosis [55]. The main source of myofibroblasts
is in the connective tissue: the resident pool of fibroblasts
[56]. When the tissues of the anterior abdominal wall are
damaged by laparotomy, the reserve of myofibroblasts
is replenished from the populations of dermal and
fascial fibroblasts [57]. Another important source of
myofibroblasts is the fibrocytes. These cells circulate in
the bloodstream and are able to migrate to any tissues of
the body, performing various functions. Fibrocytes attain
a special significance in the tissue repair after laparotomy;
they are capable of impacting the IVH formation, being
involved in the regulation of the ECM remodeling and
wound contraction. Fibrocytes can synthesize different
subtypes of collagen, vimentin and fibronectin, which are
the substrate of the ECM and which mediate activity of
fibroblasts [58]. At the same time, due to inflammatory
endogenous stimulation, fibrocytes can differentiate
to myofibroblasts thereby increasing the contraction
of the ECM and its strength. Fibrocytes also trigger
the inflammatory reactions in the surgical wound and
increase synthesis of structural components of the ECM
involving the signaling pathway of the beta-1 transforming
growth factor (TGF-1) [59]. Myofibroblasts are unique
participants of the repair process greatly involved in the
repair of the defect of the anterior abdominal wall after
the surgical injury. The regulation of differentiation and
apoptosis of fibroblasts occurs by mechanotransduction of
the ECM and the TGF- p1 signaling pathway [60]. TGF-f1
is a regulatory cytokine peptide involved in numerous
physiological cellular processes. In the first place, the
synthesis and the activation of this peptide ensures the
differentiation, proliferation, migration, adhesion and
apoptosis of various cells in the body. In the ECM, the
TGF-p1 is linked to its prodomain, the latency-associated
peptide (LAP). The TGF-p1-LAP complex dissociates
during tissue repair, including under the influence of
myofibroblasts and the integrin aV synthesized by
the [61]. Thus, a positive feedback loop is observed
between the processes of proliferation, differentiation of
myofibroblasts, and contraction during post-laparotomy
wound repair.

Fibroblasts are instrumental in reparative processes after
laparotomies. They are vital for the formation of a strong
post-operative scar. These cells regulate the synthesis of
collagen, its breakdown, they ensure the homeostasis of
the ECM, trigger the myofibroblasts and differentiate into
them contributing to the wound contracture. The detailed
study of fibroblast populations, their genetic and epigenetic
characteristics, as well as the means of regulation of their

www.innoscience.ru

synthesis function, will enable control and programming
of regeneration of connective tissue in the location of
the surgical wound. At the same time, the functional
and morphological features of specific populations of
fibroblasts influences the formation of IVH via collagen
metabolism and degradation of the ECM. Studying the
characteristics of fibroblasts in the anterior abdominal wall
of patients with IVH will enable the modulation of wound
healing processes after the hernioplasty, the selection of a
synthetic mesh implantation technique, and the prediction
of recurrences.

m ROLE OF INFLAMMATION AND HYPOXIA
IN THE IVH PATHOGENESIS

Laparotomy-induced surgical wound of the anterior
abdominal wall is an alteration of tissue and the first
phase of the regenerative process. The specific feature
of surgical wounds is that they are sterile, therefore,
the inflammatory reactions occur in aseptic conditions.
The aseptic inflammatory process differs from the
infectious one by the lack of exogenous mediators of
inflammation (infectious agents). The activation of
aseptic inflammation occurs under the influence of the
damage-associated molecular pattern (DAMP). The
DAMP comprises different protein molecules within the
nucleus of the cell and in the intracellular liquid of the
tissues of the body that trigger immune processes due
to sterile alteration and inflammatory reaction [31]. One
of the main component of the DAMP is a protein from
the group of nuclear non-histone proteins (high-mobility
group protein B1 - HMGB-1). This molecule is one of
the earliest to react to the damage and stimulates the
immune system to trigger to inflammatory cascade [62].
The HMGB-1 ensures cell migration to the aseptic focus
of inflammation and chemotaxis, and triggers immune-
mediated cellular reactions and cytokine production [63].
Following the laparotomy, the HMGB-1 is involved in
the MMP overexpression by triggering the TNF-a, IL-1,
IL-1a, IL-2, IL-8, IL-18 and type I IFN I, which results
in the degradation of type I collagen and its replacement
with type III [31].

Another aspect of the surgical wound is the hypoxic
stress of the tissues in the area of the wound. Deficit of
oxygen inhibits processes of angiogenesis and repair
in the laparotomy area [21]. Hypoxia also precludes
differentiation of fibroblasts into myofibroblasts, reduces
expression of type I collagen and a-SMA [64]. One of the
principal molecular responses to hypoxia is the increased
expression of the hypoxia-induced 1-alpha factor (HIF-
la). The activation of this protein triggers processes of
neoangiogenesis in the area of the surgical wound, leading
to revascularization and faster repair of tissues. Enhanced
tissue trophism directly influences fibroblast activity and
their synthetic capacity, leading to increased synthesis of
type I collagen and improved ECM strength [65].

Investigating the expression of DAMPs and HIF-1a
may allow for predicting the occurrence of IVH after
primary laparotomies. Studying the activity of these
compounds will help optimize surgical strategies for
the operative treatment of IVH and recurrent hernias by
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mitigating the impact of inflammation and hypoxia in the
intra- and postoperative periods.

m CONCLUSION

Over several decades, regenerative processes have
attracted active scientific interest. This area of studies
attained special significance in the investigation of
mechanisms of [VH formation. The analysis of molecular
and cellular processes of healing of the surgical wound may
allow for a more detailed insight in the reasons of formation
of secondary abdominal hernias. The mechanisms of
repair of connective tissue after laparotomy differ greatly

from other types of injuries and damage to the anterior
abdominal wall. The specifics of formation and structure of
ECM, collagen, fibroblasts, myofibroblasts, and the tissue
response to aseptic inflammation and hypoxia allow for
a completely new view of the process of IVH formation.
Biochemical reactions and intercellular interactions are no
less important for tissue healing than proper laparotomy
wound closure technique. It is now becoming evident that
understanding critical disturbances in physiological repair
processes opens up opportunities for the improvement of
early diagnosis, refinement of surgical correction, and
development of methods for recurrence prevention. »=
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