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Matrix M etalloproteinase-2 and itsRelation with Incisonal & Inguinal Hernia.
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CAbstraa: Abnormal collagen metabolismisthought to play animportant rolein thedevel opment of primaryinguinal and ventral hernia. 'medetedion\

of animpaired collagen balancebothin thetissueaswell asin cultured fibroblastsunder linesthe suspicion that the devel opment of herniaislikely to
be implemented primerily by a disturbance of the fibroblast function and their collagen genes. Based on these results we assume that the altered
collagen synthesisin hernia patients can be regarded as a genetically linked deregulation serving asa badc initiating or promoting factor for the
development of primary inguinal hernias. With the hypothesis that hernia is a local manifestation of a systemic disease manifested by increased
expression of MMP 2, astudy was planned with theobjectives: 1)To establish a causal association betweenincisional & inguinal herniaand MMP
2; 2) Totest thehypothesisthat herniaisalocal manifestation of asystemic disorder rather than being amerelocal mechanical defect. Acasecontrol
study was conducted on 10 cases of incisonal hernia, 30 casesof indirect hernia & 30 cases of direct inguinal herniawith 30 controls. DAC ELISA
test was used for analys's of serum (preoperative) and tissue samples (rectus sheath/fascia transversalis) in patientsaswell as controls Satigtically,
Serumleve sof MMP-2weresignificantlyincreased inall the hernia patientsascompared to controls. Thismaximumincrement wasseenin patients
of direct hernia. MMP-2 was not detectable in any of tissue samples. Therefore, we can draw concluson that herniaisalocal manifestation of a
systemic diseaserather than being amerelocal mechanical defect.
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INTRODUCTION

Usually an abdominal wall herniaisregarded asamechanical problem
with a loca defect which has to be closed technically, either by
sutures or, in modern time with meshes. Inthelong history of hernia
repair, even the most experienced surgeon, irrespective of the utilized
technique, hasto face recurrences that have been treated by him and
correspondingly haveto beregarded ashispersona technical failure.
That's why it is obviously impossible in hernia surgery to make
mechanica repair with success rates being expected similar to those
for engineering®2.

The close causd relationship between one technical component and
itsfallureisreflected by s-shaped surviva curve. If therecurrenceis
considered just asatechnical failure, this should occur either soon or
with acertain delay, but in any case the outcome curve should reveal
an s-shaped configuration. However, this contradicts the actual
proportions. On the contrary, in incisional and inguinal hernia
formation, the cumulative incidences show a linear rise over years
without any s-shaped deformation®*. This courseisin contradiction
to any significant direct causal relationship between technique and
recurrence. Instead, an underlying multifactor process has to be
suggested. Furthermore, because most of the recurrences occur after
1year withinthelinear rise of the cumulativeincidences, amultifactor
process seems to be far more important than any accusable factor of
the early postoperative course.

There is a close association between inguina hernia and collagen
metabolism. A decreased collagen types| / 111 ratio isfound in adult
patients with groin hernia as well as in the scar of patients with
recurrent hernia®®. Collagen type | is characteristic for mature scars
or fascid tissuewhilethecollagentypelll representsthe mechanically
instable, less cross-linked collagen synthesized during the early days
of wound healing. Correspondingly, in patientswith recurrent hernias,
there seemsto be an impaired maturation of scar tissuewhichis not
able to close the hernia gap or fix the mesh in place for long.
Consequently, a recurrence may develop either through a scar or at
the border of a synthetic mesh through its scary fixation.

Abnormal collagen metabolism is thought to play an important role
in the development of primary inguinal hernia. This view is
strengthened by detection of atered collagen metabolism and structurd
changes of the tissue in these patients. Several connective tissue
diseaseshavebeen related to an abnormal collagen metabolism. Patients
with an aortic Abdominal Aortic Aneurysm’8, Ehlers-Danlos
Syndrome®, Polycystic Kidney Disease’®™* show an increased risk
for inguina herniation. Furthermore, previous studies on protein
level indicatethat patientswith aninguina herniapresent adisturbed
collagen proportion with areduced ratio of typel andtypelll collagen
as well as abnormal ultra-structural changes of the deposited
collagen®>3. A defective collagen metabolism contributesto adecreased
tensile strength and mechanical stability of both the connectivetissues
and the induced scar tissue. Therefore these alterations in collagen
formation should be of centra relevance in the pathophysiology of
hernias.

The altered ratio of the collagen subtypes can result either by a
modified synthesis or by an imbaanced breakdown. The cleavageis
regulated by the activity of the matrix metallo-proteinases (MMPs),
proteins of afamily of zinc-dependent endopeptidases. Among them
MMP-1 and MMP-13 are the principal matrix enzymes cleaving
fibrillar type I, 1l and I11 collagen. In particular, the dterations in
MMP-1 and MMP-13 protein expressions could have been
responsible for the changed ratio of type | to typelll collagen onthe
protein level. Nevertheless, as firstly shown in investigations by
Bellon et al. in 1997, cultured fibroblastsin fasciatransversalisfrom
patientswith inguinal hernia showed no differencein the expression
of matrix metallo-proteinase-1, whereasthe same author | ater detected
a MMP-2 over expression in these patients***>. These results on
protein level appear to suggest that in comparison to MMP-1 and
MMP-13, MMP-2 is an active part of degradation system of the
extracellular matrix in hernia patients. Based on above facts, a
hypothesis was generated that hernia is a local manifestation of a
systemic disease which is manifested by increased expression of
MMP 2. Thus a study was planned with research objectives to
establish a causa association between herniaand mmp 2 and to test
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the hypothesis that hernia is a local manifestation of a systemic
disorder rather than being amerelocal mechanica defect.

MATERIALS & METHODS

A Case Control Study wasdesigned inwhich patientsadmitted in the
department of Genera Surgery of CSM Medica University, Lucknow
constituted the study and control group. In study group patients
operated for direct, indirect inguinal andincisiond hernia(n=30each
for direct and indirect hernia & n=10 for incisional hernia) were
included. Randomization was done according to Table of Random
Number Method. Controls (n=30) were age and sex matched patients
who were operated for abdomina trauma in emergency. Neither of
the controlshad any type of abdomina wall hernia. Patients suffering
from any type of connective tissue disorder and with chronicaly
raised intraabdomind pressuree.g. COPD, pregnancy, intraabdominal
tumour etc were excluded from the study.

Sample Coallection and Transportation

Serum Samples: Blood samples were taken preoperatively. Serum
was separated from blood after alowing it to stay in atest tube for
about 30 minutes followed by centrifugation at 3000 rpm for 10
minutes. Serum was stored in eppendorf viastill further processing.
Tissue samples: In the study group, a section of about 1x1 cm of
fasciatransversalistissue (inguina hernia) & rectussheath (incisiona
hernia) was taken whilein the control group, section of rectus sheath
was taken of same size. Tissue samples were kept in normal saline
after washing with distilled water. Both serum and tissue samples
were transported to the laboratory at National Botanical Research
Institute, Lucknow in ice cooled boxes within 2 hours of extraction.
There these samples were kept at —70°C till commencement of the
analysis.

Direct antigen coating ELISA (DAC-ELISA) test was done for
detection of serum and tissue MMP-2 |evels.

RESULTS

All the cases of direct herniawere maes, while 8/10 (80%) cases of
incisona herniawere femaes. Amongst indirect hernia, 1 out of 30
patients (3.33%) was femae. Controls were aged between 22 to 57
years, the mean age of control group subjectswas 35.90+10.67 years,
patients of indirect hernia were aged between 22-42 years with a
mean age of 31.03+5.60 yearsand patients of direct herniawere aged
between 33-60 years with a mean age of 49.33+7.21 years. The
patients of incisiona hernia were aged between 30-52 years with a
mean age of 43.00+£6.98 years.

The mean serum concentration of MMP 2 in control group was
745.37+30.05 ng/ml with arangefrom 667 to 803 ng/ml; mean serum
concentration in incisional hernia group was found to be
1091.00+286.73 ng/ml (range - 761-1573 ng/ml). whilethat in direct
hernia group was 1473.37+118.95 ng/ml with arange of 1244-1678
ng/ml. Mean vaue of serum MMP 2 in indirect hernia group was
1076.07+80.06 ng/ml with values ranging from 967-1247 ng/ml,
thereby showing a statistically significant difference among groups.
(table-1& diag-1)

I nter group comparison revealed astatistically significant difference
betweenindirect herniaand direct hernia (p<0.001) but no statistically
significant difference between indirect hernia and incisiona hernia
groups (p=0.986). As compared to control group, theindirect hernia,
thedirect herniagroup andincisiona herniagroup had adifference of
330.70+30.76; 728.00+30.76 and 345.633+43.499 ng/ml which was
significant gtatistically. Thus al the study groups had higher mean
serum concentration values as compared to control group (p<0.001).
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Table 1: Mean serum concentration of MMP2 in different groups

N Mean SD Mini Maxi
Control 30 745.37 30.05 667 803
Ind Hernia 30 1076.07 80.06 967 1247
DIR Hernia 30 1473.37 118.95 1244 1678
INC Hernia 10 1091.00 286.73 761 1573
Total 100 1097.54 307.0675 667 1678

F=187.264; P<0.001 (ANOVA)
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Diagram-1:Barred diagram Showing mean serum concentration of MMP2

Intergroup comparison showed significantly higher vauesin direct
herniain comparision to all the other groups (p<0.001).

Onthe basis of above observations the serum MMP 2 concentration
could be shown as:

Control < Indirect Hernia~ Incisonal Hernia< Direct Hernia
Analysisof Tissuesamples: Wewerenot ableto find any detectable
amount of MMP 2 in tissue samples (neither in controls nor in test
samples)

DISCUSSION

In a study conducted by J. Smigielski, K. Kolomecki et a from the
department of Endocrinologicd and Generd Surgery, Medica University
of Lodz, Poland in 2007, significant increasein serum mmp 2 levelsof
indirect, direct and recurrentinguina herniaas compared to controlswas
found. There was dso sgnificant difference with respect to age. The
level swerehigher insubgroup of younger patientsascomparedto subgroup
of older patients (highest levelswere found in young patientswith direct
hernia). In our study the patientsof direct herniashowed highest levelsof
serum mmp2 but no significant difference wasfound with respect to age
Juan M. Bedllon, AnaBgo, Natdio G et d*” performed acel culture of
fibroblastsfrom fasciatransversdisof young patientswith direct inguina
herniaand observed Sgnificant expresson of activemmp2. Thesefindings
were confirmed by immunosorbent assay, immunoblotting,
immunocytochemistry and zymography in the culture media In our
study, we directly used the tissue samples after crushing themin liquid
nitrogen. Probably cdll culturewoul d havebeen beneficid for amplification
of mmp2 expresson. Immunocytochemistry can bemore senditive but it
requireslong duration of time for sectioning, staining etc. We adopted a
simple procedure which was easy to perform and required ashorter time

span.
R. Rosch, et d in 2005% amed to investigate the MMP-2 expressionin
patientswithrecurrentincisond herniaswithandwithout mesh-materids.
In primary fibroblast cultures obtained from skin scars of patients with
and without recurrent incisona hernias, MMP-2 synthesis and gene
expresson were investigated. Furthermore, MM P-2 synthesis and gene
expressionof fibroblastswerecompared after incubationwithtwo different
mesh materias: polypropylene and absorbable polyglactin filaments.
MMP-2 enzyme activity was determined by semiquantitative
zymography and mRNA synthesis by quantitative RT-PCR. Both
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MMP-2 enzyme activity and mRNA expression were Smilar in hernia
and control fibroblagtsin vitro. In control fibroblastsmesh incubation did
not significantly affect MM P-2 expression, whereas polypropylenemesh
contact of fibroblastsfrom patientswith recurrentincisond herniasledto
amgor decrease of MMP-2 activity and of mRNA expresson. In the
absenceof biomaterid sfibroblastsfrom recurrent hernia, patientshaveno
dterations of their MMP-2 synthesis compared to control, whereas a
specific response was found after biomateriad contact indicating the
differences in fibroblast phenotype.

Based oninternationd reseerchand our ownresults, wefoundthetincresse
in MMP-2 activity could be considered to play a Sgnificant rolein the
etiology of inguina hernias. The increased activity may lead to the
dysfunction of collagen fibers, which are responsible for forming fascia
sructures, and as aresult it can wesken ther durability.

CONCLUSIONS

Becausein present study, thereisstatiticaly significant increasein serum
MMP 2 levelsin patients of indirect and direct herniaboth as compared
to controls, we can conclude thet herniais not amere local defect but a
loca manifestation of asystemic disease. Thisismoreagpparent in patients
of direct hernia group, a mean serum concentration of serum mmp 2 is
highest in these patients. Development of incisond herniamay aso be
regarded partly as manifestation of systemic effect. However, further
study with more Metaanalyssis needed to derive adefinite conclusion.
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