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ABSTRACT

BACKGROUND: The objective of the current study was to investigate the value of the ischemic biomarkers endothelial cell-specific
molecule-1 (endocan) and signal peptide-CUB-EGF domain-containing protein-1 (SCUBE-I) in the diagnosis and assessment of early-
stage and irreversible damage in acute mesenteric ischemia.

METHODS: An experimental mesenteric ischemia reperfusion model was designed using 54 rats. Nine groups were created: Three
sham groups [Groups | (30*" minute), IV (2" hour), and VII (6™ hour)], in which only blood and tissue specimens were sampled; 3
ischemia groups [Groups Il (30" minute), V (2" hour), and VIII (6 hour)], in which blood and tissue specimens were sampled after
ligation of the superior mesenteric artery (SMA); and 3 reperfusion groups [Groups lIl (30" minute), VI (2" hour), and IX (6 hour)], in
which blood and tissue specimens were sampled after declamping the SMA and reperfusion for | hour. SCUBE-| and endocan samples
obtained from blood and tissue were examined histopathologically.

RESULTS: The SCUBE-| level was higher in the ischemia groups when compared with the sham groups (p<0.05), and the endocan
level was markedly different in the late ischemia (6" hour) group. When these 2 markers were used together to assess irreversible
mesenteric damage in the histopathological examination, the sensitivity in distinguishing between reversible or irreversible damage was
94.1% with a specificity of 73.7%.

CONCLUSION: The elevation of SCUBE-| alone seems to be significant for predicting early mesenteric ischemia in laboratory rats.
The combination of SCUBE-| and endocan may be useful to detect irreversible intestinal damage.

Keywords: Acute mesenteric ischemia; endocan; irreversibility; signal peptide-CUB-EGF domain-containing protein-1.

INTRODUCTION nary syndrome, the mechanisms responsible for ischemic
complications are platelet activation and aggregation. Dai et
Signal  peptide-CUB-EGF  domain-containing  protein-| al.”! demonstrated that the SCUBE-| protein can be a good

(SCUBE-1) is a novel cell surface protein that contains some
molecules found in alpha-granules.['! It is translocated to the
platelet surface after thrombin activation. The accumulation
of SCUBE-| has been detected in advanced atherosclerotic
lesions in humans. It is considered a new platelet endothelial
adhesion molecule. In acute ischemic stroke and acute coro-

marker for acute thrombotic diseases. It is detectable within
6 hours of the onset of ischemic symptoms. Endothelial cell-
specific molecule | (endocan) is a new biomarker of endothe-
lial dysfunction.l®! It is a soluble dermatan sulfate proteoglycan
which is primarily secreted by vascular endothelial cells.”! En-
docan plays a key role in the pathophysiology of endothelial
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dysfunction through its role in regulating physiological and
pathological disorders.>4

Although not common, acute mesenteric ischemia (AMI) is a
lethal vascular emergency. If it is not treated effectively and
promptly, it may cause ischemia, or even infarction. In the
past decade, several large clinical series have reported high
mortality rates of 30% to 65%.7® However, the optimal sur-
gical management is still debated and deserves a clear recom-
mendation based on a higher level of evidence.l”? The ability
to catch patients in the reversible period could increase the
chances of success, and decrease mortality and morbidity.

The objective of the current study was to investigate the role
of SCUBE-I and endocan, which can help make a diagnosis
of ischemic events at different times, and to determine their
power in distinguishing cases in which the damage is still re-
versible.

MATERIALS AND METHODS

Animals

A total of 54 female Wistar albino rats weighing between
220 and 250 g were used in the study. The research was
conducted after receiving the approval of the animal ethics
committee (64583101/2016/006). The rats were housed at
room temperature (20£2°C) in a |12-hour daylight/dark en-
vironment, fed with standard food pellets, and allowed free
access to water in individual cages.

Experimental Protocol

In all, 54 rats were used to design an experimental mesen-
teric ischemia reperfusion model. There were a total of 9
groups in the study. Three of these groups were sham groups
[Groups | (30t minute), IV (2™ hour), and VII (6* hour)], from
which only blood and tissue specimens were sampled. There
were 3 ischemia groups [Groups Il (30* minute), V (2" hour),
and VIII (6™ hour)], in which blood and tissue specimens
were sampled after ligation of the superior mesenteric artery
(SMA). The remaining 3 groups were reperfusion groups
[Groups Il (30" minute), VI (2" hour), and IX (6™ hour)],
in which blood and tissue specimens were sampled after the
SMA was declamped and reperfusion was induced for | hour.
SCUBE-| and endocan retrieved from the blood samples and
tissue samples were examined histopathologically.

Blood taken from the rats was centrifuged at 3500 rpm for 10
minutes. The serum was collected and stored at —80°C until
further analysis.

SCUBE-1

An enzyme-linked immunosorbent assay (ELISA) kit (Sunlong
Biotech Co., Ltd., Hangzhou, Zhejiang, China) designed for
rats was used to determine the SCUBE-| level in the serum
samples. The test results were calculated using a bio-ELISA
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reader (DARX800; Calabasas, USA) using a standard curve of
450 nm. The limit to detect SCUBE-I was 0.0 ng/mL, and
the assay range was 0.1-7 ng/mL. All of the procedures were
performed according to the manufacturer’s instructions.

Endocan

A commercial Sunlong Biotechrat ELISA kit, (Sunlong Biotech
Co,, Ltd., Hangzhou, Zhejiang, China) was used to determine
the endocan ESM-I level in the serum samples. The test re-
sults were calculated using a bio-ELISA reader (DARX800;
Calabasas, USA) using a standard curve of 450 nm and a limit
of 0.01 ng/mL. The assay range was 0.1-8 ng/mL for endocan
ESM-1. All of the procedures were performed according to
the manufacturer’s instructions.

Histopathological Evaluation

For the histopathological examination, small intestine tissues

were collected from all of the groups. They were fixed in 10%

formaldehyde for 48 hours. Following fixation, ileum spec-

imens were dehydrated in an ascending alcohol series (70,

90, 96, 100%), clarified with xylene and embedded in paraffin

wax. Using a fully automatic microtome, 4-um sections were

taken from the paraffin blocks and stained with hematoxylin

and eosin. An experienced pathologist who was blind to the

study groups used a light microscope for the histological

examination of the preparates. All of the ileum tissue slides

were examined at high magnification. Five different areas of

the preparates from each group were evaluated at a magni-

fication of x100. Mucosal injury was rated according to the

classification systems described by Chiu et al.:.l'”

Grade 0: Normal mucosa.

Grade |: Subepithelial spaces at villus top due to capillary
congestion

Grade 2: Expansion of subepithelial space with moderate
lifting of epithelial layer

Grade 3: Massive epithelial detachment with occasional
hemorrhage

Grade 4: Denuded villi with dilated capillaries

Grade 5: Disintegration of lamina propria, ulceration, and
hemorrhage.

Statistical Evaluation

Descriptive statistics of the categorical variables were
demonstrated in numbers (%) and chi-square tests were used
for the comparison of groups. The Kolmogorov-Smirnov
test was used to test whether continuous variables were
normally distributed. Since endocan and SCUBE-| were nor-
mally distributed, descriptive statistics were shown as the
averagexSD, and one-way analysis of variance (ANOVA) and
independent samples t-tests were used to compare groups
and time. The Bonferroni correction was used as a multiple
comparison test. Descriptive statistics of i-scores not nor-
mally distributed were presented as the median (25%-75%),
and the Mann-Whitney U-test and Kruskal-Wallis ANOVA
tests were used to compare groups and time.
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Table |I. Table of average endocan and SCUBE-| level of the study groups in terms of time

Time Sham Ischemia Reperfusion

(Group I, IV, VII) (Group I1,V,VIII) (Group 11, VI, IX)

Endocan (MeanSD) 30*" minute 2.1240.19 1.960.19 2.15+0.20

2" hour 1.99+0.18 2.17+0.27 2.24+0.17

6™ hour 2.01+0.04 2.49+0.33 2.36+0.24
SCUBE | (MeantSD) 30" minute 1.37+0.20 1.17+0.09 1.49+0.23

2" hour 1.25+0.16 1.4420.21 1.71£0.40

6™ hour 1.1620.16 1.62+0.16 1.69+0.28

Endocan: Endothelial cell-specific molecule-1; SCUBE- | : Signal peptide-CUB-EGF domain-containing protein |; SD: Standard deviation.

Receiver operating characteristic (ROC) analysis and a classi-
fication and regression tree (CART) analysis were performed
for SCUBE-1 and endocan to be able to distinguish between
normal-ischemia and reversibility-irreversibility. The sensi-
tivity and specificity values were calculated according to the
section points obtained.

The association between groups, ischemia-reperfusion data,
and time variables were analyzed using multiple correspon-
dence analysis. Pearson correlation analysis was conducted
to determine the association between continuous variables.

RESULTS

Endocan and SCUBE-| levels were compared between the
sham (Group I), ischemia (Group 2), and reperfusion (Group
3) groups at 30 minutes, 2 hours, and 6 hours (Table | and
Fig. ). Endocan was not found to be statistically significant at

minute 30 (p=0.206); however, SCUBE-| was statistically sig-
nificant (p=0.028). This difference occurred between ischemia
and reperfusion groups. While endocan levels at the second
hour were not found to be significant (p=0.131), SCUBE-|
was significantly different (p=0.036). This difference was seen
between sham and reperfusion groups. Both endocan and
SCUBE-| were found to be significantly different in groups
at the 6th hour (p=0.034, p=0.001, respectively). While the
significant difference in endocan was seen between sham and
ischemia groups, the significance in SCUBE-| was observed
between both sham-ischemia and sham-reperfusion groups.

The preparates were given ischemia scores between 0 and
5 histopathologically and grouped as normal or ischemic.
Endocan and SCUBE-| levels were used to determine these
groups. Both endocan and SCUBE-| were statistically sig-
nificantly distinguishable between normal and ischemic
preparates (p=0.015, p=0.002, respectively). ROC analysis
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Figure 1. Average endocan and SCUBE-1 level of the study groups in terms of time. Endocan: Endothelial cell-specific molecule-1;

SCUBE-1: Signal peptide-CUB-EGF domain-containing protein 1.
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Table 2. The average ischemia score of the ischemia and
reperfusion groups at the 30" minute, 2" hour,
and 6 hour

Time Ischemia Reperfusion

30* minute 2 (1-2.25) 2 (1-3)

2" hour 3.5 (34.25) 3.5 (3-5)

6" hour 5 (4-5) 5 (4-5)

Reperfusion
‘3:0 min .
0.5 6 hr
Sham
«~ .
A
5 0.0 Reveysible Irreversible
g A
[9]
£
a
-0.54
Ischemia
-1.04 "
® Groups
A Reversible/Irreversible
0O Time
T T T T T
-1.0 -0.5 0.0 0.5 1.0 1.5
Dimension 1

Figure 2. The distribution of preparates according to the results of
multiple correspondence analysis.

(a) (b)

results indicated that an endocan cut-off value of 2.09 had a
sensitivity of 75.7% and a specificity 75%. A SCUBE-1 cut-off
value of 1.46 had a sensitivity of 64.9% and a specificity of
87.5%. The positive likelihood ratio (+LR) and negative likeli-
hood ratio (-LR) values of endocan and SCUBE-| were 3.28
and 0.32, and 5.20 and 0.40, respectively.

When all of the preparates from the 30* minute, 2™ hour,
and 6 hour, which were given ischemia scores between 0 and
5 histopathologically, were compared in terms of ischemia
and reperfusion groups, no statistically significant difference
was found. When the ischemia scores of the ischemia group
were compared in terms of time, there were significant dif-
ferences between the 30" minute and 2™ hour; and the 30*
minute and 6™ hour (p=0.002). When the ischemia scores of
the reperfusion group were compared in terms of time, there
were significant differences between the 30™ minute and 2™
hour;, and the 30* minute and 6th hour (p=0.002) (Table 2).

According to multiple correspondence analysis results, there
was a tendency to sham and reversible at 30" minute, is-
chemia at the second hour, and reperfusion and irreversible
ischemia at the sixth hour (Fig. 2).

Both ROC and CART analyses were conducted to find out the
power of endocan and SCUBE-| in determining preparates
grouped as reversible (Figs. 3a-c and 4a) and irreversible (Fig.
4b and c) according to ischemia score.

According to ROC analysis results (Fig. 5), the cutoff value

of endocan was 2.18 with an area under the curve (AUC)
of 0.870 (p<0.0005), while the cutoff value of SCUBE-I was

(c)

Figure 3. (a) Normal intestinal mucosa in the sham group: Grade 0 (1% Group, 30" minute) (H&E; x100). (b) Almost normal intestinal mu-
cosa, subepithelial spaces at the top of villi (blue arrows): Grade 1 (4" Group ischemia, 30" minute) (H&E; x100). (c) Subepithelial elevation

(red arrow): Grade 2 (7™ Group reperfusion, 30" minute) (H&E; x100).

(a) (b)

(c)

Figure 4. (a) Massive epithelial detachment (green arrow) and a few damaged villi (yellow arrow): Grade 3 (8" Group reperfusion, 2™ hour)
(H&E; x100). (b) Damaged villi with dilated capillaries (black arrow): Grade 4 (6™ Group ischemia, 5" hour) (H&E; x100). (c) Disintegration
of lamina propria, ulceration, and hemorrhage (blue arrows): Grade 5 (6" Group ischemia, 6" hour) (H&E; x100).
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Figure 5. Receiver operating characteristic analysis conducted
to find out the power of endocan and SCUBE-1 to determine
preparates grouped as reversible and irreversible according to
ischemia score. Endocan: Endothelial cell-specific molecule-1;
SCUBE-1: Signal peptide-CUB-EGF domain-containing protein 1.

Groups

Node 0
Category % n
B Reversible 64.2 34
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Figure 6. Classification and regression tree analysis of SCUBE-1
and endocan according to Gini index. Endocan: Endothelial cell-
specific molecule-1; SCUBE-1: Signal peptide-CUB-EGF domain-
containing protein 1.

Ulus Travma Acil Cerrahi Derg, November 2018, Vol. 24, No. 6

1.48 with an AUC of 0.882 (p<0.0005). The sensitivity and
specificity of endocan and SCUBE-I grouped according to
cutoff value to distinguish reversible-irreversible were 76.5%
and 94.7%, and 79.4% and 89.5%, respectively. The +LR and
—LR values of endocan and SCUBE- | were 14.43 and 0.24 and
7.56 and 0.22, respectively.

In CART analysis, the cutoff values of SCUBE-| and endocan
were determined to be 1.61 and 2.18, respectively, using a
Gini index. With this analysis, all 19 preparates could be de-
termined (Fig. 6). When these 2 markers were used together,
the sensitivity in distinguishing between reversible and irre-
versible damage was 94.1%, and the specificity was 73.7%.

DISCUSSION

Generally, 2 questions occur to a clinician who comes across
a case that is thought to be AMI. First, how can | find the
correct diagnosis? Second, is it too late for successful ther-
apy! In the literature, different biochemical markers, such as
D-lactate, D-dimer, and intestinal fatty acid-binding protein
(I-FABP) have been studied to diagnose AMLI''-"3] However,
there is still no test that has provided completely satisfying
results. SCUBE-| was researched in | study as a predictor in
the diagnosis of AMI, but to our knowledge, endocan has not
been studied for this purpose.l'¥]

This is the first study to evaluate both markers together and
to attempt to determine histopathologically whether they
might indicate if the damage that has occurred as a result of
AMI is reversible or irreversible. We found that a low level
of endocan and elevated SCUBE-| seem to be significant for
predicting early mesenteric ischemia and that irreversible
intestinal damage can be detected using a combination of
SCUBE-1| and endocan.

Platelet activation and endothelial damage play a critical role
in different stages of AMI. SCUBE-I has been identified in
previous studies as a new platelet-endothelial secreted pro-
tein, the level of which rises with platelet activation.!'?

The role of SCUBE-| has been investigated in some ischemic
diseases (e.g., acute coronary syndrome, acute ischemic
stroke). Dai et al.”! reported that in acute ischemic stroke
and acute coronary syndrome plasma, SCUBE-| concentra-
tion was significantly elevated. In addition, Dai et al.® found
that while the plasma SCUBE-1 level may not be a sensitive
marker for acute stroke and coronary syndrome, it might be
a good marker of platelet activation in acute thrombotic dis-
ease. Turkmen et al.l'l reported that the SCUBE-| level may
be used in the early diagnosis of AMI; however, they noted
that further studies are required. They found both histopatho-
logical differences at the 30* minute and differences in an
ischemia group compared with a sham group in terms of
SCUBE-1, but they did not present sensitivity or specificity
data. In our study, there were histopathological differences
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at the 30*" minute in sham, ischemia, and reperfusion groups;
however, there were no differences in SCUBE- | and endocan
when compared with the sham group (p<0.05). Differences
were present at the second hour in the sham-reperfusion
SCUBE-1 group, at the sixth hour in the sham-ischemia and
sham-reperfusion SCUBE-| groups, and in the sham-ischemia
endocan group. Histopathological differences could be ob-
served as early as the 30" minute and significantly measured
at the sixth hour. The results of our study are consistent
with the results described by Tiirkmen et al. We also believe
that SCUBE-| has the potential to be used as a predictor to
demonstrate ischemic harm in AMI at the 30" minute; how-
ever, we cannot say that it is completely sufficient to make an
early and definitive diagnosis.

In AMI diagnosis studies conducted with d-dimer, lactate,
and |-FABP, many sensitivity and specificity values have been
found.l"] Various cutoff levels for these markers have been re-
ported. Recognized cutoff levels are needed for markers that
may be of use for AMI, such as those already established for
other diseases, such as the troponin level in acute myocardial
infarction.l's!7]

Lactate, the concentration of which can lead to metabolic
acidosis, has been investigated as a predictive marker in the
diagnosis of ischemia. A study showed that in AMI, lactate
was 100% sensitive and 42% specific.l'¥l In another experi-
mental study, when compared with the sham group, there
was a significant increase in plasma lactate in the SMA of the
mesenteric ischemia group.['®'”] However, Acosta et al.? ex-
amined patients who were exposed to ischemia for different
periods and at different degrees in terms of lactate level and
found no statistically significant difference, concluding that
lactate levels could not be used as an early diagnostic marker.

Our purpose in adding endocan to SCUBE-|, which is acti-
vated by platelet aggregation, was to estimate the condition
in the endothelial area. Qui et al.?'! showed that in patients
with acute myocardial infarction, endocan may be used to
evaluate endothelial dysfunction. Detecting the endocan level
early may be useful in identifying individuals at high risk and
thus allowing for early intervention to reduce the prevalence
of AML. Su et al.”¥ found that endocan production was sig-
nificantly increased in the 6-72-hour period. In our study, en-
docan was significantly elevated in the ischemia group when
compared with the sham group at the sixth hour. This demon-
strates that, while like SCUBE-1, endocan has the potential to
be used as a predictor in determining damage in AMI, because
the results take longer to appear than SCUBE-I, it cannot
be said to be a completely sufficient marker for an early and
definitive diagnosis.

Before starting treatment in AMI patients, knowledge about
whether the damage is reversible or irreversible in cases con-
sidered for surgical treatment can be a useful guide for the
clinician. In our study, the endocan and SCUBE-| +LR and-LR
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values were 14.43 and 0.24, and 7.56 and 0.22, respectively,
in the classification of reversible-irreversible groups based
on histopathological grading. The correlation coefficient of
endocan and SCUBE-I was 0.62 (p=0.0005). When these 2
markers were evaluated with CART analysis, the +LR and-
LR values were 3.16 and 0.08, respectively. According to this
analysis, these markers strongly excluded irreversible cases.
All 25 reversible cases of the 53 preparates were identified
when an endocan <2.18 cutoff was used with SCUBE-| <1.61

(Fig. 6).

The primary limitation of this study is the exclusion of other
significant markers. The second limitation is the fact that it
was research based on an animal model. Thirdly, hydration,
particularly at the sixth hour, may have influenced marker
levels.

In conclusion, although we cannot state definitively that they
can be used in early diagnosis, the SCUBE-I level appears
to have the potential to be an early-stage damage marker
in AMI. When SCUBE-| and endocan are studied together
according to cutoff values, a reversible-irreversible distinction
can be made. However; more extensive studies are needed to
fully see the potential practical applications.

Conflict of interest: None declared.
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Akut mezenterik iskemi hasarinin kritik zaman tahmini ve reversibilitesi
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AMAC: Bu galismada akut mezenterik iskemide yeni iskemik biyobelirtecler olan endocan ve SCUBE-Iin erken evre hasar, tani ve irreversibil hasar
degerlerini arastirmayi amagladik.

GEREC VE YONTEM: Elli dért sican ile deneysel bir mezenterik iskemi reperfiizyon modeli tasarlandi. Dokuz grup olusturuldu: Kan ve doku &r-
neklerinin sadece 6rneklendigi ti¢ sahte grup [Grup | (30. dakika), IV (2. saat) ve VII (6. saat)]; superior mezenterik arter (SMA) baglandiktan sonra
kan ve doku numuneleri 6rneklenen Ug iskemi grubu [Grup Il (30. dakika), V (2. saat) ve VIII (6. saat)]; ve SMA dekompresyonundan sonra kan ve
doku numuneleri 6rneklendirilen ve reperfiizyon bir saat streyle indiiklenen tig reperfiizyon grubu [Grup III (30. dakika), VI (2. saat) ve IX (6. saat)].
SCUBE-| ve endocan igin kan 6rnekleri alindi ve histopatolojik olarak doku 6rnekleri incelendi.

BULGULAR: SCUBE-| diizeyleri iskemi grubunda sahte gruba gore daha yliksek iken (p<0.05), geg iskemi (6. saat) grubunda endocan diizeyleri
belirgin olarak farkliydi. Bu iki belirteg, histopatolojik incelemeye gore irreversible mezenterik hasar igin birlikte kullanildiginda, reversible-irrrever-
sible hasar ayirmini %94.1 sensitivite, %73.7 spesifite ile belirledi.

TARTISMA: SCUBE-I'in tek basina yiikselmesi laboratuvar siganlarinda erken mezenterik iskemiyi 6ngérmede 6nemli olarak géziikmektedir. Bu-
nunla birlikte, SCUBE- | ve endocan es zamanli kullanimi irreversible bagirsak hasarinin tespitinde daha kullaniligh olabilir.

Anahtar sozciikler: Akut mezenter iskemi; endocan; irreversibilite; SCUBE |.

Ulus Travma Acil Cerrahi Derg 2018;24(6):507-513  doi: 10.5505/tjtes.2018.69710

Ulus Travma Acil Cerrahi Derg, November 2018, Vol. 24, No. 6 513


https://doi.org/10.1016/j.ejvs.2005.10.031
https://doi.org/10.1002/bjs.4645
https://doi.org/10.1016/j.cursur.2006.05.006
https://doi.org/10.1111/acem.12096
https://doi.org/10.1007/s00268-009-0074-7
https://doi.org/10.1016/j.ahj.2011.05.022
https://doi.org/10.1136/hrt.2010.205617
https://doi.org/10.1016/S1015-9584(09)60277-3
https://doi.org/10.1016/j.jss.2007.02.003
https://doi.org/10.1177/0003319716634581
https://doi.org/10.1016/j.transproceed.2013.10.057



