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Abstract

Inguinal and incisional hernias are the two most common types of hernias
caused by abdominal wall weakness and defects in connective tissue. The
structure of the extracellular matrix, mainly collagen and metalloproteinases
(MMPs), and their regulators have been studied extensively and found to play
a significant role in the pathophysiology of hernias. One of the regulators of
MMPs, tissue inhibitor metalloproteinases (TIMPs), bind to MMPs and inhibit
its activity significantly shifting the balance towards collagen synthesis rather
than degradation. Due to their importance in collagen metabolism, their
metabolism might be significant in the aetiology of hernias. Our study used
immunohistochemical techniques to investigate the possible effects of TIMP
1 and 2 on the samples taken from the abdominal walls of patients with ingui-
nal and incisional hernias, compared them with control patients, and reviewed
the literature. In this study, samples of 90 patients (30 patients from control,
inguinal hernia, and incisional hernia groups) were taken and analysed. These
samples were stained with TIMP-1 Ab-2 and TIMP2 Ab-5 (Clone 3A4) anti-
bodies and evaluated under x100 magnification. The degree of staining was
classified as (a): No staining (0), (b): Staining less than 10% (I), (c): Staining
between 10% and 50% (II), (d): Staining more than 50% (III). Statistical ana-
lyses were done. No significant difference was found between groups in terms
of patient demographics. Smoking and family history of hernia was not found
to be associated with TIMP expression. TIMP1 expression was significantly
higher in the incisional and inguinal hernia group than in the control group
(P < .05), while the level of TIMP2 was higher in the control group. (P < .05).
TIMP1 and TIMP2 levels did not significantly differ between incisional and
inguinal hernia groups. We found significantly increased TIMP-1 levels in tis-
sue samples from patients with hernia supporting its suggested role in hernia
pathophysiology. Local alterations in MMP and TIMP levels might play a role

in the pathogenesis of hernias. Thus detection of TIMP in tissues can be
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1 | INTRODUCTION

Incisional hernias are abdominal wall hernias encoun-
tered often after surgical procedures. Their incidence
used to be 20%. However, current studies report an inci-
dence of 10%." Incisional hernias relapse 30% to 50% fol-
lowing primary repair. This ratio decreases from 0% to
15% following mesh repair.” Obesity, type of incision,
type of suture material, presence of wound infection,
older age, malnutrition, presence of ascites, long term
usage of corticosteroids, diabetes mellitus, connective tis-
sue diseases, smoking, chronic systemic diseases such as
malignancy or chronic obstructive pulmonary disease,
emergency operations and postoperative sepsis are the
most common etiologic factors of hernias.>* Studies in
recent years have focused on metalloproteinases (MMPs),
their inhibitors, and their metabolism in the aetiology of
hernias.

2 | BIOLOGICAL FACTORS

2.1 | Disorders of collagen metabolism
Collagen is the primary component of the extracellu-
lar matrix. Type 1 collagen is the mature and the
most potent collagen, while type 3 is the immature
isoform. Hernias and recurrence are more common in
patients with connective tissue disorders such as Mar-
fan, Ehler Danlos, and osteogenesis imperfecta.’
These findings led the researchers to investigate the
importance of collagen metabolism in the aetiology of
hernias.

Friedman et al Showed the increased synthesis of type
3 collagen and decreased type 1/type 3 collagen in
patients with inguinal hernia.® Later, various studies
showed that the extracellular matrix primarily comprises
type 3 collagen.” Finally, Nikolov and Beltschev per-
formed a study with the electron microscope. They
showed disorganisation in microfibrils’ wrapped struc-
ture, forming of dysplastic collagen microfibrils,
collagenophagia, and intracellular and extracellular col-
lagenolysis in patients with direct inguinal hernia.®

important for clinical use after further validation studies. In the era of molecu-
lar medicine, detecting TIMP levels in hernia patients can impact clinical

incisional hernia, inguinal hernia, matrix metalloproteinase

2.2 | Matrix metalloproteinases

They are the essential enzymes responsible for the extra-
cellular matrix's degradation (ECM).” Remodelling of col-
lagen is concurrent and continuous in ECM. In collagen
remodeling, collagenases are released from endothelial
cells, fibroblasts, inflammatory cells (macrophage, neu-
trophils), and keratinocytes.'® Lysis of different collagen
types is controlled by the balance between MMPs and
their inhibitors.""

MMP family is an essential member of extracellular
proteinases. Their role has been shown in various physio-
logical and pathologic processes. These enzymes are cru-
cial to the turnover of ECM, tissue remodelling,
angiogenesis, and morphogenesis. They are also known
to participate in cell migration, invasion, proliferation,
and apoptosis.”> MMP activity is controlled by gene
expression, regulation of zymogens, inhibition of active
enzymes with specific inhibitors, a-2 macroglobulin, and
tissue inhibitors of metalloproteinases (TIMPs)."*

MMPs are secreted from various cells. MMP-1, macro-
phages, monocytes, fibroblasts, keratinocytes, chondrocytes,
hepatocytes, and many tumour cells. MMP-8; chondrocytes,
synovial fibroblasts, and endothelial cells. MMP-3 and
10; fibroblastic reticular cells, normal and transformed squa-
mous epithelial cells. MMP-9; keratinocytes, monocytes,
polymorphonuclear leukocytes, and malignant cells.'*

In a Turkish study, levels of MMP-1, 2, and 9 were
significantly increased in hernia patients compared to the
control patients.'*

2.3 | Structure and functions of tissue
inhibitor of metalloproteinases (TIMPs)

The proteolytic activity of MMP can be controlled by both
non-specific («-2 macroglobulin, a-1 anti-protease) and
specific inhibitors."” Inhibitor activity of TIMPs is the
result of their noncovalent binding with MMPs. Four dif-
ferent types of TIMPs have been defined so far.'®

TIMP-1I; is a glycoprotein. Fibroblast growth factor,
platelet-derived growth factor, phorbol esters, and interleukin
11 are exciters of TIMP-1 expression in fibroblasts.'” TIMP-1
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binds to pro-MMP-9, a member of the gelatinase family.
This proMMP-9/TIMP-1 complex inhibits all the active
MMPs and forms a more stable complex of proMMP-9/
TIMP-1/MMP triad."®

TIMP-2; is a non-glycolysed protein that is isolated
from melanoma cells for the first time. It inhibits MMPs
except for MMP-9. It is secreted with proMMP-2, mainly
from fibroblasts. Conversely, it is secreted solely from
alveolar macrophages.'’

In our study, we used immunohistochemical tech-
niques to investigate the possible effects of TIMP 1 and
2, which are thought to take a role in the remodelling of
ECM, on the samples taken from the abdominal walls of
patients with inguinal and incisional hernias, compared
them with control patients and reviewed the literature.

3 | MATERIALS AND METHODS
Following the local Ethics Committee's approval,
90 patients were included in the study prospectively. We
operated on them for various abdominal hernias from
January to December 2014 in our clinic. Patients were
divided into three equal groups; the first group consisted
of 30 inguinal hernia patients, the second group of
incisional hernia patients, and the third group established
the control patients. The Control group consisted of
patients who operated on other disorders rather than her-
nia and malignancy. All of the patients signed informed
consent, expressing the study and the procedure.

The inguinal hernia group consisted of patients with
direct inguinal hernia (excluding recurrent cases and
patients with a bilateral hernia). The incisional hernia
group consisted of patients who had a hernia following a
laparotomy (patients who underwent surgery for malig-
nancy were excluded). Patients with diabetes, connective
tissue disease, pregnancy, and steroid therapy were
excluded from the study in both groups.

Sampling: 1 x 1 cm? tissue samples were obtained
from the fascia layers of abdominal walls (anterior rectus
sheath and linea alba) of the patients with incisional her-
nia and control patients. Samples of the same size were
obtained from patients with direct inguinal hernia's
intact part of the transverse fascia. All of the samples
were sent to the pathology department in a 10% formal-
dehyde solution.

Patients in the second and third groups were operated
under general anaesthesia, while patients with inguinal her-
nias were operated under spinal anaesthesia. The control
group underwent explorative laparotomy, peptic ulcus perfo-
ration, open cholecystectomy, mechanical intestinal obstruc-
tion, open appendectomy, and open splenectomy. Patients
with any hernias were excluded from the control group.

Evaluation: Immunohistochemical evaluation was
performed using polyclonal or monoclonal antibodies
against various antigens on the tissue.'” We used TIMP1
Ab-2 (Clone 102D1) (Thermo) and TIMP2 Ab-5 (Clone
3A4) (Thermo) as antibodies.

Tissue samples from 90 individuals were sent to the
pathology department in 1% formaldehyde solution, and
the evaluation was performed as pathologist-blinded by a
single pathologist. The samples were deparaffinised by
full automated BenchMark Ultra IHC/ISH (Ventana).
Following the antigens' reveal with retrieval solution, the
slides were incubated with ultraview copper for 4 minutes
and with haematoxylin for 8 minutes for background
staining. Lastly, the slides were washed with water-based
balsam. Later, the samples were analysed using a light
microscope. The samples were scanned fully with a 100x
microscope. The ratio of stained cells in each region to
the total number of cells in the same region was calcu-
lated. Those ratios were divided into the number of the
sample areas, so an average of staining for each case was
determined.

The slides were evaluated as; (a): No staining (0),
(b): Staining less than 10% (I), (c): Staining between
10% and 50% (II), (d): Staining more than 50% (III)
(Figure 1A-D).

3.1 | Statistics

The descriptive statistics of the data, mean average, stan-
dard deviation, median, minimum-maximum ratio, and
frequency, were used. The distribution of the variants
was evaluated with the Kolmogorov Smirnov test.
ANOVA test was performed for the analysis of quantita-
tive data and Chi-square test for qualitative data. SPSS
22.0 was used for overall analysis.

4 | RESULTS

We evaluated and compared the demographics of
30 individuals in each group (Table 1). The mean age
was 55.4 + 8.1 in the inguinal hernia group, 53.2 + 10.4
in the incisional hernia group, and 49.0 + 14.2 in the
control group. The female/male ratio was 8/22, 7/23,
and 7/23 and in the groups, respectively. There were
not any significant differences between groups in terms
of gender or age. Patients’ mean body mass index score
(BMI) was 28.1 + 3.7 in the inguinal hernia group,
28.5 + 2.4 in the incisional hernia group, and 27.1 + 3.5
in the control group. There were not any statistically sig-
nificant differences between the groups in means of
BMI score.
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FIGURE 1 (A-D) Microscopic images of samples after immunohistochemical staining. (A) TIMP 2 without immune staining, which we

accepted as score 0. (B) Immune staining of TIMP 2, less than 10% and accepted as score 1. (C) Immune staining of TIMP 1, between 10%
and 50% and accepted as score 2. (D) Immune staining of TIMP 1, over 50% and accepted as score 3. TIMP, tissue inhibitor

metalloproteinases

Sixteen patients in the control group, 20 patients in
the incisional hernia group, and 18 patients in the ingui-
nal hernia group were active smokers. Smoking was not
found to affect TIMP staining.

The positive family history was 3/30, 3/30, and 4/30
in the groups, respectively. The results were not signifi-
cantly different between the groups.

Levels of TIMP-1 were significantly higher in
groups 1 and 2 compared to the control group

(P < .05). The difference between the first two groups
was not significant (Table 2). Levels of TIMP-2 were
significantly lower in groups 1 and 2 compared to
the control group (P < .05). There were not any sta-
tistically significant differences in groups 1 and
2 (Table 3).

The distribution of staining levels of TIMP-2 in group
1 was; (0) in 21 and (I) in 9 patients. The scores were
(0) in 19 and (I) in 11 patients in the second group. In the
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TABLE 1 Demographics of each group
Control Incisional Inguinal P
Age Mean =+ s.s. 49.0 + 14.2 532+ 104 554+ 8.1 .086
Med(Min-Mak) 49 21.0-74.0 52 37.0-73.0 33.0-71.0
Sex Female n (%) 7 23.3% 7 23.3% 8 26.7% .942
Male n (%) 23 76.7% 23 76.7% 22 73.3%
BMI Mean =+ s.s. 27.1+3.5 28.5+24 28.1 + 3.7 .230
Med(Min-Mak) 28 21.0-33.9 29 23.3-334 21.0-37.9
Smoking = n (%) 14 46.7% 10 33.3% 12 40.0% .574
+ n (%) 16 53.3% 20 66.7% 18 60.0%
Family — n (%) 26 86.7% 27 90.0% 27 90.0% .894
+ n (%) 4 13.3% 3 10.0% 3 10.0%
Note: ANOVA/Chi-square test.
Abbreviations: ANOVA, analysis of variance; TIMP, tissue inhibitor metalloproteinases.
Control Incisional Inguinal P TABLE 2 TIMP-1 levels in groups 1
TIMP-1 0 n (%) 9 30.0% 0* 0% 2 6.7%* .001 3
I n (%) 15 50.0% 12 40.0% 14 46.7%
II n (%) 6 20.0% 11 36.7% 13 43.3%
111 n (%) 0 0.0% 7 23.3% 1 3.3%
Note: Chi-Square test/Fischer test.
Bold values indicate statistically significant values.
Abbreviation: TIMP, tissue inhibitor metalloproteinases.
*P < .05 (compared with controls).
Control Incisional Inguinal P TABLE 3 TIMP-2 levels in groups 1
TIMP-2 0 n (%) 11 36.7% 19 63.3%* 70%* .022 3
I n (%) 15 50.0% 11 36.7% 30.0%
II n (%) 4 13.3% 0 0.0% 0.0%

Note: Chi-Square test.

Bold values indicate statistically significant values.
Abbreviation: TIMP, tissue inhibitor metalloproteinases.
*P < .05 (compared with controls).

control group, the levels were found as; (0) in 11, (I) in
15, and (IT) in 4 patients.

5 | DISCUSSION
In recent years, studies focused on metabolic leading
points in inguinal and incisional hernia aetiology rather
than types of repair. Collagen fibres and metalloproteinase
activity with tissue inhibitors that regulate collagen metab-
olism are the main subjects that concern the researchers
investigating hernia aetiology.*

Collagenases are enzymes responsible for breaking the
peptide bond in collagen and released from endothelial
cells, fibroblasts, inflammatory cells, and keratinocytes.

The ratio of collagen types is balanced by the activities of
MMP and TIMP in the body. TIMP binds to the active part
of MMP and inhibits covalent interaction."' MMP expres-
sions are regulated by extracellular matrix interaction,
cytoskeleton transitions, growth factors, cytokines, and
various hormonal activities.”’ MMP activity is under the
control of especially alfa-2 macroglobulin activity and
TIMPs."> MMP-2 breaks down mainly type IV, V, VII, X,
XTI and gelatin, proteoglycan, fibronectin, and elastin. High
serum levels of MMP-2 are related to basal membrane deg-
radation, tumour invasion, and systemic metastases.*?
Bellon et al determined high levels of MMP-2 in the fascia
of patients with direct inguinal hernia.’

The most essential function of TIMP is to inhibit the
functions of MMP. It consists of four multifunctional
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protein groups and supplies the balance between synthe-
sis and breaking down ECM proteins.®> There are
partially-defined complex interactions between MMP,
TIMP, cytokines, and growth factors that determine
inflammation and remodelling mediators."® TNF-a plays
a role in the pathogenesis of chronic inflammation
in vivo and is one of MMP protein production's essential
inductors.>* Read has shown that the substances in ciga-
rette smoke inhibit antiproteases and increase the ratio of
protease/antiprotease in blood.*’

In a study conducted in Turkey in 2005, TIMP-2 levels
were lower in patients with direct hernia than the
patients with indirect hernia and the control group.*
However, their results were similar to our study. In our
study, the levels were significantly decreased in the her-
nia groups compared to the control group, but there was
no statistically significant difference between the hernia
groups.

In 2009, a prospective study in Spain evaluated
MMP/TIMP levels' transitions and inflammatory findings
in patients with incisional hernias. They performed
zymography, polymerase chain reaction (PCR), and
immunologic staining techniques.”’ As a result, they
determined ECM loss, an increase of MMP-1 in the apo-
neurotic tissue, MMP-2,9,4 in the skeletal muscle, and a
decrease of MMP-3,13, TIMP-4 in the aponeurotic tissue,
TIMP-3 in the skeletal muscle. In addition, they showed
increased levels of TNF-a and IL-6 in the incisional her-
nia group.

A similar prospective study was conducted in Poland
in 2010, and serum levels of MMP-2 and TIMP-2 were
evaluated in hernia patients.”® MMP-2 was found to be
higher in hernia groups, being highest in the direct ingui-
nal hernia group TIMP-2 was found to be significantly
higher only in the recurrent hernia group. Concurrent
and statistically significant elevated MMP-2 and TIMP-2
made the researchers think it was the underlying
aetiology of extracellular matrix degradation in the recur-
rent group. Our study determined high levels of TIMP-1
in the tissue samples, while TIMP-2 levels were
decreased, conversely to this study.

Another study group investigated MMP-2 and MMP-9
levels with TIMP-1 and TIMP-2 in plasma and tissues of
patients with inguinal hernia and compared with the con-
trol group in 2011, using ELISA.*® In the control group,
plasma levels of MMP-2, MMP-9, and TIMP-1 were signifi-
cantly higher than in the inguinal hernia group, while
TIMP-2 levels were decreased. In addition, MMP-2 and
MMP-9 were increased in the hernia group in tissue sam-
ples, while TIMP-1 and TIMP-2 decreased in the control
group. Our study found reduced levels of TIMP-2 in tissue
samples of hernia patients similar to these results, but
TIMP-1 levels were higher than controls.

In a more recent and more far-reaching study in
2013, in 72 patients with incisional hernia out of
305 patients with a history of laparotomy, serum levels of
MMP-1, MMP-2, MMP-3, MMP-7, MMP-6, MMP-9,
MMP-10, MMP-12, MMP-13 and TIMP-1, TIMP-2,
TIMP-4 were evaluated.’® Levels of TIMP-1 and MMP-9
were found to be higher, but the increase was not statisti-
cally significant. Still, as a conclusion, the researchers
stated that local alterations in MMP and TIMP levels
might play a role in the pathogenesis. In our study, we
found significantly increased TIMP-1 levels in tissue
samples.

We think that TIMPs may have a role in the aetiology
of abdominal wall hernias through collagen metabolism
and their crucial role in tissue degradation and
remodelling, so they may also have pathophysiological
importance. Although there has been published literature
about this issue, the number of studies is insufficient and
needs further research.

6 | CONCLUSION

Our prospective study compared inguinal hernia,
incisional hernia, and patients operated for other disor-
ders rather than a hernia. No statistically significant dif-
ference was reported in means of demographics, family
history, BMI, or smoking. We found that TIMP-1 levels
were significantly lower, and TIMP-2 levels were signifi-
cantly higher in inguinal and incisional hernia groups
when compared to the control group. Thus, after further
verification with randomised controlled trials and other
prospective studies on big patient groups, TIMP levels
can be used in clinical practice. Depending on its levels,
treatment and follow-up algorithms may be reconsidered.
Patients with high TIMP-1 may be approached carefully
and closely followed up for recurrence in the future.

We conclude that our study can help achieve a better
understanding of the histopathological aetiology of the
disease and may lead to patient-based prophylactic and
therapeutic approaches in the future. This study may be
one of the footsteps towards more comprehensive studies
of the future.
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