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Abstract

Aim: Our aim in this study is to determine how matrix
metalloproteinase-9 (MMP-9) and E-selectin levels are
affected in the damage caused by gunshot injuries. At the
same time, it is to investigate the value of these parameters
in terms of biochemical parameters in these cases and to
propose new opinions on the subject.

Material and Method: 40 control groups and 48 patients
who were brought to the hospital emergency department
as a result of gunshot wounds were included in the study.
Venous blood samples of the patientand control groups were
taken. Serum MMP-9 and E-selectin levels were measured
quantitatively by using ELISA method. The obtained results
were evaluated in the SPSS 25 program.

Results: MMP-9 levels measured in our patient group were
significantly higher than in the control group (p <0.001).
Although the patient group was higher than the control
group in terms of e-selectin levels, no statistical significance
was found.

Conclusion: Various tissue damage occurred in the patient
group. The release of MMP-9 by inflammatory cells indicates
that serum MMP-9 levels are high in patients with intense
inflammation and high inflammatory cell load. The increase
in E-selectin level indicates endothelial cell damage.
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Amag: Bu calismadaki amacimiz, atesli silah yaralanmalarinda
meydana gelen hasarda matriks metaloproteaz-9 (MMP-9) ve
E-selektin duzeylerinin nasil etkilendigini tespit etmek. Ayni
zamanda bu parametrelerin bu vakalardaki biyokimyasal
parametre acgisindan degerini arastirmak, konuyla ilgili yeni
gorasler ileri strebilmektir.

Gere¢ ve Yontem: Atesli silah yaralanmasina sonucu
hastane acil servisine getirilen 48 olgu ile 40 kontrol grubu
calismaya alindi. Hasta ve kontrol grubun vendz kan érnekleri
alindi. Serum MMP-9 ve E-selektin duzeyleri ELISA yontemi
uygulanarak kantitatif olarak calisildi. Elde elden sonuclar SPSS
25 programinda degerlendirildi.

Bulgular: Hasta grubumuzda olctlen MMP-9  duzeyleri
kontrol grubuna gore anlamli derecede yiksek iken (p<0,001),
E-selektin dizeyleri agisindan hasta grubu, kontrol grubundan
yUksek olmasin ragmen istatistiksel olarak herhangi bir
anlamlilik tespit edilmedi.

Sonu¢: Hasta grubunda cesitli doku hasarlari meydana
gelmisti. - MMP-9'un inflamatuvar  hiicrelerce  salinmas,
inflamasyonun yogun oldugu ve inflamatuvar hicre yikindn
fazla oldugu hastalarda serum MMP-9 dizeylerinin yUksek
oldugunu gortlmastdr. E-selektin dizeyindeki bir miktar artis
ise endotel hiicre hasarini gdstermektedir.
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INTRODUCTION

In recent years, with the increasing rate of wars, terrorist
incidents and individual armament, the frequency of injuries
caused by gunshot has been increasing. Gunshot injuries are
a group of trauma with difficulties in their treatment and high
morbidity and mortality rates. The most important reason for
that bullets and explosive weapon parts carrying high kinetic
energy that cause such injuries can damage the surrounding
tissues due to the blast effect (temporary cavity) while
moving through the body."? In addition to the permanent
and temporary cavity effects of high kinetic energy weapons,
the damage they inflict increases with the effects of both
the deflected bullet fragments and the bone tissues that
they shred as they move through the body. For this reason,
it is extremely difficult to predict the size of the actual injury
and the complications that may develop in patients.®! The
modern wound ballistics bullet or projectile on which Kocher
is based; examines penetration (puncture], permanent cavity
(wound path), temporary cavity (blast effect), fragmentation
and shock waves effects.”! Penetration is the first and main
effect of the bullet. The kinetic energy of a bullet determines
the penetrating power.”! Bone, cartilage, tendon and other
hard tissues to which kinetic energy is transferred can also
act like bullets and cause damage. Physical penetration of
the bullet through the tissues causes a permanent tissue
loss or tissue destruction.®” When the bullet enters the
body, it first encounters the skin tissue. Since the skin tissue
is rich in elastic connective tissue, it shows a high resistance
to penetration. Among the body tissues, the most resistant
tissue against penetration is bone tissue. The organs that can
cause death at first glance in the human body are protected
with bones.®! Muscle tissue is moderately resistant to bullet
penetration, however, it is the overlying fascia layer that
increases the resistance of the muscle tissue.”” Hollow organs
such as stomach and intestines show moderate resistance to
bullets due to their wall structures. The factor determining
the severity of the injury in hollow organs is the blast effect
created by the bullet in the organ. Parenchymal organs such
as the liver are extremely sensitive to penetration, and the
bullet usually pierces these organs completely.®’ One of the
factors that change the severity, depth and size of the injury
in penetrating traumas due to gunshot is the rupture of the
bullet. Pistol bullets often deform when colliding with a hard
obstacle, but rifle bullets can easily break up when colliding
with a hard object. Bone tissue is the biggest factor causing
bullet disintegration in body tissues.!'”

The extracellular matrix (EM) is a dynamic structure that
creates a special environment in the intercellular spaces. It
helps hold cells in tissues together and acts as a reservoir for
many hormones that control cell growth and differentiation.
Matrix metalloproteases (MMPs) are a multigenic family of
endopeptidases that break down EM and are active at neutral
Ph." Although MMP-9 breaks down EM, it proteolytically
breaks down decorin, elastin, fibrilin, laminin, gelatin, and
type IV, V, XI, and XVI collagen. MMP-9 plays a major role

in normal tissue structuring such as axon development,
embryonic development, angiogenesis, ovulation, mammary
gland formation and wound healing."”? MMP-9 is frequently
encountered in invasive and highly tumorigenic cancers such
as colorectal tumors, gastric carcinoma, pancreatic carcinoma,
breast and mouth cancer, melanoma, malignant glioma,
chondrosarcoma, and gastrointestinal adenocarcinoma.'™
Activation of MMP-9 has also been observed in diseases such
as arthritis, autosomal recessive osteolysis disorder, coronary
artery disease, emphysema and diabetic retinopathy.'*

Selectins are multifunctional adhesion molecules that regulate
the initial interactions between circulating leukocytes and
endothelial cells. Adhesion molecules; they are involved in cell
protection, wound healing, and tissue integrity.'"” Leukocytes
attach to the vascular wall in response to tissue damage or
infection via 3 types of adhesion receptors called selectin.
Selectins are expressed on the surface of endothelial cells,
leukocytes, and platelets.® Its expression increases against
inflammatory stimuli."”? Selectins (P, E and L) and their ligands
are required for leukocyte rolling and binding in the vascular
wall.'® Circulating E-selectin (soluble) is accepted as a marker
of endothelial cell damage or activation.

MATERIAL AND METHOD

This study was approved by the Harran University Ethics
Committee (n0:2016/03-35). In this study, the necessary
ethics committee approval was obtained and all participants
included in the study were informed about what to do with
the "Informed Consent Form" and their consent was obtained
for their volunteerism.

Patient Group: Among the cases brought to the hospital
emergency department as a result of Gunshot injuries, no
additional pathology was found except for gunshot-related
injuries and no systemic disease was detected in clinical and
laboratory examinations, and those who did not use alcohol,
cigarettes and drugs were included in our study. The age
distribution of the cases, their characteristics such as the
injured area and organs were determined and discussed. All
48 cases included in our study were male and the age range
was between 18-51. The injuries were predominantly in the
lower and upper extremities, but also in the chest, abdomen,
thorax head and neck regions. All of our cases recovered and
were discharged after the treatment they received.

Control Group: As the control group, 40 healthy adults with
no history of complaints, no pathology detected in physical
examination, no local or systemic disease detected in clinical
and laboratory examinations, and no alcohol, smoking or drug
use were included in the study. All of our control group was
male and was in the age range suitable for the patient group.

Venous blood samples of the patients were collected.
Centrifugation was done at 1000 rpm for 10 minutes. It was
stored at -80 degrees until biochemical analysis. Serum MMP-
9 and E-selectin levels were measured quantitatively by using
ELISA method.
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Statistical Analysis

While evaluating the study data, besides descriptive statistical
methods (mean, standard deviation), the Independent simple
T test was used for the comparison of the parameters between
the groups for the comparison of quantitative data. One-Way
ANOVA test was used in group comparisons consisting of more
than 2 groups. Pearson and Spearman's correlation analysis
was used to evaluate the relationships between parameters
within the group of parameters with normal distribution.
Significance was evaluated at the p<0.05 level.

RESULTS

In gunshot injuries included in our study, the patient group
and our control group were all male, and the average ages of
the participants were consistent (Table 1).

Table 1. Average age and standard deviation (SD) of the patient and

control groups in gunshot injuries

Mean + SD
Patient (48) 27,79 £10,54
Control (40) 2898 +11,10

MMP-9, E-selectin levels and P values measured in the patient
group in our study and the control group are shown in Table 2.
MMP-9 levels measured in our patient group were significantly
higher than in the control group (p<0.001). Although the
patient group was higher than the control group in terms
of e-selectin levels, no statistical significance was found. No
significant positive or negative correlation was found between
these parameters in the gunshot injured patient group.

Table 2. Statistical comparison of MMP-9 and E-Selectin values in patient

and control groups in gunshot injuries

Group Mean + SD P
wvpg  PatiEnt 154335 +758.86 0,001
Control 903.27 + 323.65 !
Patient 2775+ 1143
E-Selecti 4
selectin - trol 2595 + 12,84 0489

MMP-9: Matrix Meteloproteinase-9, SD: Standard Deviation
* P value 0.05 was considered statistically significant.

DISCUSSION

Gunshot wounds are a group of trauma that has difficulties
in treatment and has a high morbidity-mortality rate.2°2"
While the bullets traverse high-density tissues such as muscle,
liver and spleen, a global destruction occurs in the tissues in
front of them with the effect of a shock wave. With the effect
of these shock waves, tissue damage may occur at a distant
point other than where the bullet passes.?*?! There is no
study in the literature showing the comparison of MMP-9 and
E-selectin levels in gunshot injuries.

MMPs have been found to play a role in many diseases in
studies conducted to date. MMPs were found to be associated
with stroke, multiple sclerosis, Alzheimer's disease, cancer,
atherosclerosis, arthritis, nephritis, gastrointestinal ulcer,
periodontal disease, corneal ulcer, skin ulcer, liver fibrosis and
pulmonary diseases such as asthma, emphysema, and chronic
obstructive pulmonary disease.**

In the group of gelatinases are MMP 2 (gelatinase A) and MMP
9 (gelatinase B). This group easily digests denatured collagen
and gelatin.””! Type IV collagen is the main component
of basement membranes and constitutes 40-65% of the
basement membrane total protein.?? MMP-9, whose primary
task is to break down EM, also plays a major role in normal
tissue reconstruction such as axon development, embryonic
development, angiogenesis, ovulation, mammary gland
formation and wound healing.!'?

Many studies have determined different serum MMP-9 levels.
Cojocarui et al.”” found that MMP-9 level in the acute period
in ischemic stroke. Eckart et al.?® found MMP-9 levels to be
low in acute myocardial infarction and it was stated that this
low MMP-9 level could be an indicator of myocardial damage.
Susskind et al. In his study, lung damage caused by ionizing
radiation was examined by looking at the plasma levels of
MMP-9, TIMP-1 and MMP-3, which are biological markers
of tissue damage, and their relationship with pulmonary
epithelial permeability, clinical signs, symptoms, and
structural changes in the lung. MMP-9, TIMP-1 and MMP-3
levels were measured before treatment, during treatment
and approximately 100" day after treatment in eight patients
with breast and lung cancer who received radiotherapy to the
chest region. In all of these patients, MMP-9 and TIMP-1 levels,
which were very high before radiotherapy, were observed
to have a sudden decrease only in MMP-9 after the first two
weeks of radiotherapy.?”!

Inflammation is a protective response developed for the
continuity of the organism to prevent microorganisms or
toxins from damaging cells or to remove necrotic and dead
tissues caused by damage.®? Under normal conditions, strict
control of the response prevents further damage and while
the damaged tissues are cleaned, pathological inflammation
that occurs in disease states causes EM destruction and organ
dysfunction.B MMPs are secreted in response to a variety of
inflammatory mediators and inhibited by tissue inhibitors of
matrix metalloproteinases (TIMPs).

When the MMP-9 levels measured in the patient group and
the control group were compared in gunshot injuries included
in our study; The patient group was significantly higher than
the control group (p<0.001). Various tissue damage occurred
in the patient group. The release of MMP-9 by inflammatory
cells explains the high serum MMP-9 levels in patients with
intense inflammation and high inflammatory cell load.

Adhesion molecules are involved in cell protection, wound
healing, and tissue integrity.? Asis known, there are four types
of adhesion molecule families. These are integrins, selectins,
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immunoglobins and cadherins. Selectins are expressed on
the surface of endothelial cells, leukocytes, and platelets.[16]
E-selectin mainly plays a role in leukocyte adhesion. The role
of the e-select in this phenomenon is to ensure that the rolling
returns to slow rolling and tight adhesion. It has been shown
that antibodies that act directly against E-selectin prevent
inflammation and thus, E-selectin is an adhesion molecule
that plays a role in inflammation.=*

In recent studies, it has been shown that inflammation has a
share in many diseases and health problems and is associated
with different clinical forms of these diseases.?**® Adhesion
molecules show endothelial activation or damage. Adhesion
molecules stimulated by circulating cytokines direct the
movement of cells instead of inflammation.B¥ Excessive
proteolytic enzyme release due to inflammation disrupts
the connection of these epithelial cells with each other and
with EM.B® [t is known that endothelial cells have many
functions that regulate immune and inflammatory events. Cell
adhesion molecules play a role in the leukocyte-endothelial
relationship.2¥ The first step in the development of the
inflammatory response is the adhesion of leukocytes to the
vascular endothelium. E-selectin, one of the various adhesion
molecules whose expression is known to be the result of
cytokine activation, is the earliest released adhesion molecule.
Studies show that the expression of E-selectin increases in the
first two hours when the inflammatory response begins to
ocur.

When the E-selectin levels measured in the patient group
and the control group were compared in the gunshot injuries
included in our study, although the patient group was higher
than the control group, no statistically significant significance
was found (p=0.489). However, the increase in the level of
E-selectin in the patient group compared to the control group
indicates that there is endothelial cell damage.

CONCLUSION

Our aim in this study was to determine how MMP-9 and
E-selectin levels are affected in gunshot injuries. These
parameters are not routine laboratory parameters. Although
patients with lower and upper extremity gunshot injuries are
prominent, a small number of patients with injuries to other
body parts were also included in our study. Although the
number of patients with extra-extremity injuries in our study
was low, MMP-9 levels increased statistically significantly
in our patient group. All our patients were discharged after
treatment without any complications. With this study, we think
that mmp-9 levels may be an important parameter in showing
the level of tissue damage in this patient group. The significant
increase in MMP-9 within hours in sudden situations such as
gunshot injury suggests that it may be a routine parameter
that can be used to monitor the increase or decrease of tissue
damage in patient follow-up. Our study should be supported
by comprehensive studies in order to get better and to reach
more precise results results in terms of these parameters.
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