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ABSTRACT

Background/Aim: The excessive apoptosis of intestinal epithelial cells (IECs) partly accounts for the
development of colonic inflammation and eventually results in ulcerative colitis (UC). Humanin, an
endogenous anti-apoptotic peptide, has previously been shown to protect against Alzheimer’s disease
and a variety of cellular insults. The present study aimed to investigate the effects of glysin variant
of humanin (HNG) on 2,4,6-trinitrobenzene sulphonic acid (TNBS)-induced colitis in rats. Materials
and Methods: Rats were divided into four groups as follows: Group 1 (n = 8): control; isotonic saline
solution 0.1 ml/rat rectally, Group 2 (n = 8): TNBS colitis; 0.1 ml of a 2.5% (w/v) TNBS solution in 50%
ethanol rectally, Group 3 (1 = 8): 10 uM HNG, and Group 4 (n = 8): 20 uM HNG intraperitoneal (ip) on
day 2 and 6 after rectal TNBS administration. Rats were sacrificed 7 days after the induction of colitis.
Blood and tissue samples were harvested for biochemical and histopathological analysis. Results: HNG
treatment significantly ameliorated weight loss and macroscopic and microscopic scores. TNBS-induced
colitis significantly increased the colonic mRNA expression of tumor necrosis factor-alpha (TNF-),
interleukin-1beta (IL-1f), and caspase-3 activities in group II in comparison to the group I. HNG treatment
was associated with an inhibition of mRNA expression of TNF-o. and IL-1f, and a decrease in caspase-3
activities in colon tissues in group III and IV when compared to group II. Conclusion: The results of
this study indicate that HNG treatment may exert beneficial effects in UC by decreasing inflammatory
reactions and apoptosis.
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Ulcerative colitis (UC) is a chronic, inflammatory disease of
the colonic mucosa characterized by a relapsing-remitting
course. The pathogenesis of UC is not fully understood
at present, however, increasing evidence has shown that
the acceleration of epithelial cell apoptosis and inhibition
of inflammatory cell apoptosis are associated closely with
colonic tissue injury and immunological abnormality
in UC." Therefore, apoptosis was reported to play an
important role in the loss of epithelial cells in UC.I
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Humanin (HN) is a polypeptide containing 24 amino
acids, originally isolated in the ¢cDNA associated with
neuroprotective effects in Alzheimer’s disease (AD) patients,
and recognized for its anti-apoptotic properties.’) HN
also plays an important role in protecting lymphocytes,!®!
pancreatic B-cells, ! testicular germ cells, and Leydig cells?)
from apoptosis. Recently, studies used an ox-LDL-induced
human aortic endothelial cell apoptosis model and
demonstrated that HN expressed in the human vascular
endothelial layer"” reduced intracellular reactive oxgen
species and the rate of apoptosis by 50%.1 Replacement of
serine at position 14 of the HN peptide chain (Serl4) with
glycine (Gly), leads to the formation of HNG, which has
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anti-apoptic activity enhanced by 1000-fold when compared
with that of HN.PI The aim of this study was to evaluate
the effect of HNG on structural mucosal changes following
2,4,6-trinitrobenzene sulphonic acid (TNBS)-induced colitis
in a rat model and to evaluate the mechanisms by which
HNG influences intestinal recovery, including its effect on
colonic epithelial cells apoptosis.

MATERIALS AND METHODS

Ethical considerations

This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals published by the US National Institute
of Health (NIH publication No. 85-23, revised 1996). The
protocol was approved by the Committee of Animal Care
and Use of School of Medicine, Bulent Ecevit University. All
etforts were made to minimize animal suffering.

Animals

Adult male Wistar rats weighing 200 % 10 g were obtained
from Bulent Ecevit University School of Medicine,
Experimental Research Laboratory. The rats were maintained
in a room at a temperature of 23 = 2°C under a 12-h
light/dark cycle at Bulent Ecevit University School of
Medicine, Experimental Animal Laboratory. Before and
during the study, they were fed a standard diet, and their
weights were monitored daily. The animals were also allowed
water ad libitum.

Chemicals

NG and TNBS were obtained from Sigma Chemical
Co. (St. Louis, MD, USA). All Other chemicals were of highest
purity and analytical grade. Enzyme-linked immunosorbent
assay (ELISA) kits for determination of tumor necrosis
factor-alpha (TNF-o) and interleukin-1beta (IL-18) were
purchased from BioSource International, (Camarillo, CA,
USA). Caspase-3 was provided from Lab Vision (Fremont, CA,
USA)

Experimental design and treatment protocol

In the current study, 32 rats were randomly divided into
four groups (n = 8 per group). Group I (Control group)
received physiological saline rectally. Group II (TNBS colitis
group) received 30 mg/0.1 ml TNBS and 0.5 ml 50%
ethanol rectally. Group III (TNBS + 10 uM HNG) received
TNBS rectally + 10 uM HNG intraperitoneally (ip).
Group IV (TNBS + 20 uM HNG) received TNBS
rectally + 20 uM HNG ip. The selected dose of HNG
was based on its previously displayed anti-apoptic actions
in an experimental model of lipopolysaccharide induced
astrocyte inflammation.!" The first dose of HNG was given
on day 2 and the second dose of HING was given 6 days
after the induction of TNBS colitis. The animals were

106

Volume 23, Number 2
Jumada Al-Thany 1438H
March-April 2017

The Saudi Journal of
Gastroenterology

euthanized using an overdose of anesthesia on the 7" day
post TNBS-instillation.

Induction of colitis

TNBS colitis was induced according to the procedures
described by Hollenbach et al.!"! Rats were fasted for 24 h
and then they were anesthetized through ip injection of
sodiumpentobarbital (0.3% solution). A 3.5 I catheter was
inserted through the anus into the colon carefully, and the
tip was 4 cm proximal to the anal verge. To induce colitis,
0.1 ml of a 2.5% (w/v) TNBS solution in 50% cthanol was
injected slowly into the lumen of the colon via a catheter
fitted to a 1-ml syringe. In control groups, rats received 0.1 ml
of saline only. To ensure the distribution of TNBS throughout
the entire colon, including the cecum and appendix, rats
were kept vertical for I min and then returned to their cages.

Tissue collection and preparation

On the 7* day post TNBS-instillation, rats were anesthetized
by intramuscular administration of 80 mg/kg of ketamine
hydrochloride (Ketalar, Eczacibasi) and 8 mg/kg of
xylazin (Rompun, Bayer). The distal § ¢cm portion of
the colon was excised, freed of adherent adipose tissue,
longitudinally split, and washed with ice-cold saline to
remove fecal residues. Then, it was blotted dry, weighed, and
macroscopic assessment of colitis was performed. Sections
of the distal colon were utilized for histopathological,
immunohistochemical, and biochemical investigations.

Assessment of TNBS-induced colitis

Individual body weights of animals were recorded at the
beginning of the experiments and on the termination day,
and the difference was calculated as the weight loss (%). The
severity of colitis was evaluated by an independent observer
blind to the identity of treatments according to the criteria
of Millar et al." as follows: 0 = No macroscopic changes;
1 = Mucosal erythema only; 2 = Mild mucosal edema, slight
bleeding or small erosions; 3 = Moderate edema, bleeding
ulcers or erosions; and 4 = Severe ulceration, erosions,
edema, and tissue necrosis.

Histopathological examination and microscopic
scoring

Regarding the morphologic evaluation of the intestinal
specimens, each sample was fixed with 10% formaldehyde
immediately after collection freshly. The specimens were
washed, dehydrated by alcohol, cleared in xylene, and
embedded in paraffin. Sections of 3 mm thickness were
cut and stained with hematoxylin and eosin (H and E) and
examined under the light microscope (Leica Microsystems,
Germany). All histopathologic processing and assessment
of specimens were performed by an experienced observer
blinded to the identity of the sample being examined to
avoid any bias. The colon microscopic damage was scored



on a 0-5 scale as described by Galvez et al." as follows:
0 = normal colonic tissue; 1 = inflammation or focal
ulceration limited to the mucosa; 2 = focal or extensive
ulceration and inflammation limited to the mucosa and
the submucosa; 3 = focal or extensive ulceration and
inflammation with involvement of muscularis; 4 = focal or
extensive ulceration and inflammation with involvement
of the serosa; and 5 = extensive ulceration and transmural
inflammation with involvement of the serosa.

Determination of cytokine concentrations in the
colonic tissue

Total cellular RNA was isolated using the Gene]ET
RNA Purification Kit (Thermo Scientific) according
to manufacturer’s instructions. The concentration of
the isolated RNA was measured using the Qubit RNA
BR assay (Invitrogen) for the Qubit 2.0 fluorometer.
First strand ¢cDNA was generated with the RevertAid
First Strand ¢cDNA Synthesis Kit (Thermo scientific)
with 200 ng of the RNA templates. CDNA was stored
at —20°C for later use. Quantitative real time reverse
transcriptase-polymerase chain reaction (qRT-PCR) was
performed with Applied Biosystems 7500 Real-Time
PCR system and TagMan gene expression products
(Applied Biosystems) for IL-1B (assay ID: Rn00580432_m1l),
and TNF-a (assay ID: Rn01525859 _gl) and, as control,
ACTB (Rn00667869_m1l). All reactions were conducted
in triplicate, and each included a nontemplate control.
Duplicate CT values were analyzed with the comparative
CT (AACT) method (Applied Biosystems).

Determination of caspase-3 activity

Immunohistochemistry for caspase-3
(rabbit polyclonal antibody, CPP 32, Ab-4, RB-1197-R7,
ready to-use for immunohistology, Lab Vision, Fremont,
CA, USA) was performed using a combination
streptavidin-biotin—peroxidase method and microwave
antigen retrieval on formalin-fixed paraffin-embedded
tissues. After deparaffinization, sections were treated
with 10% hydrogen peroxidase in filtered water to block
endogenous peroxidase activity. To retrieve the antigen,
slides were boiled with 10 mmol/l citrate buffer (pH 7)
for 10 min. After preincubation with Ultra V block
(Lab Vision) for 20 min, sections were incubated with
the primary antibody for 1 hour at room temperature,
followed sequentially by biotinylated goat antipolyvalen
(Lab Vision) for 20 min and streptavidin peroxidase complex
(Lab Vision) for 20 min. We used 3,3’-diaminobenzidine
tetrahydrochloride/DAB (Lab Vision) as the chromagen,
and hematoxylin for nuclear counterstain, and then rinsed
and mounted. Omission of the primary antibody created
the negative control, and tonsil was used as the positive
control. The slides were evaluated in a blinded manner
by the same investigator. Immunoreactivity was scored
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using a semiquantitative scale for intensity of staining as
follows: 0 (negative, no staining), 1+ (weakly positive),
2+ (moderately positive), and 3+ (strongly positive).

Statistical analysis

All data are expressed as mean = standard error of the
mean (SEM) for § rats per experimental group. Statistical
analysis was performed with the Statistical Package for the
Social Sciences (SPSS, version 10.0, Chicago, IL, USA)
statistical software. One-way analysis of variance (ANOVA)
was used to compare the mean values of quantitative
variables among the groups. Duncan’s multiple range test
was used to identify the significance of pairwise comparisons
of mean values among the groups.

RESULTS

Effects of HNG on body weight

As shown in Figure la, compared to the control group, the body
weight of TNBS-treated rats all decreased markedly with loose
and bloody stools on 7 day post-I'NBS (P < 0.01). The marked
weight loss was observed in group 11 (7.82%). The change of
the body weight in groups III and IV were 4.89% and 4.18%,
and HNG treatment resulted in less weight loss in groups 111
and IV compared in group II (P < 0.001). Moreover, there were
no significant differences in the percentage of the body weight
loss of animals between the groups IV and 1.

Effects of HNG on macroscopic colitis score

Group 1 rats showed no macroscopic lesions in the distal
colon. The colonic mucosal damage, such as edema, deep
ulcerations, and hemorrhage, was easily seen on macroscopic
examination in group II rats, which was significantly
improved after HNG treatment in groups Il and IV as
compared with group II. The severity of the lesions in the
distal colon was quantified using a macroscopic damage
score. In the TNBS-administered rats, macroscopic
score was found to be increased significantly compared
to group I. The mean macroscopic pathological scores
of the Group Il and IV were similar; 2.25 (=0.88) and
2.13 (=0.64), whereas the macroscopic pathological score
in group II was 4.25 (=0.7) (P = 0.001 and P < 0.001
respectively) [Figure 1b].

Effects of HNG on microscopic colitis score

Histological examination of the colon from group I showed
typical features of a normal colon structure [Figure 2a].
TNBS administration in group Il caused transmural
necrosis, edema, and diffuse infiltration of inflammatory
cells (polymorphonuclear leukocytes, lymphocytes, and
eosinophils) into the mucosa [Figure 2b]. Although
treatment of rats with 10 uM HNG attenuated the extent
and severity of the histological signs of the inflammatory
response, ulceration of the colonic mucosa and infiltration of
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Figure 1: Effects of HNG on (a) body weight, (b) macroscopic,
and (c) microscopic colitis scores. (Group |: Control; Group II: TNBS
colitis; Group Ill: TNBS + 10 uM HNG; Group IV: TNBS + 20 uM HNG)

inflammatory cells into the muscularis propria was observed
in group I [Figure 2¢|. The histological evaluation of colons
from rats treated with 20 uM HNG revealed a pronounced
reduction in the inflammatory response with focal ulceration
of the colonic mucosa and inflammation limited to mucosa
and submucosa [Iigure 2d]. The severity of colonic
inflammation in the distal colon was also quantified using
a microscopic damage score (range 0-5, as indicated the in
Materials and Methods). The mean microscopic scores in
the groups I, 1L, I (10 pM HNG), and IV (20 pM HNG)
were 0.25 £ 0.46,4.5 £ 0.53,2.88 £ 0.83, and 2.38 £ 0.51,
respectively, and in all the TNBS administrated rats
microscopic scores were found to be significantly higher
when compared to control group [Figure lc]. It was
also observed that treatment with 10 uM (Group I)
and 20 uM IING (Group 1I) significantly decreased the
pathological scores compared to group 1l (P = 0.002 and
P < 0.001 respectively). However, between the groups 111
and IV microscopic scores were not found statistically

different (P = 0.279).

Effects of HNG on colonic TNF-a and IL-1§

For inflammatory parameters, the mRNA expression levels
of TNF-a and IL-1f in colon were measured by qRT-PCR.
As shown in Table 1, rats treated with TNBS alone in
the group II showed elevated TNF-o and IL-1 mRNA
expressions — 2.96 (1.62-3.90) and 8.78 (5.61-22.55). This
increase in colonic TNF-ovand IL-18 mRNA expression levels
was significantly attenuated by treatment with either 10 uM
or 20 uM HNG compared to group 11, as seen in Table 1. This
tendency was most obvious in rats treated with 20 uM HNG
in group IV compared to group III. These results proved that
the administration of HNG had a direct inhibitory effect on
the inflammatory status during the development of colitis
in a dose dependent manner.
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Figure 2: Histopathologic appearances of colon specimens: (a) Group |
(control); normal colonic tissue (grade 0); (b) Group Il (TNBS colitis);
extensive ulceration and transmural inflammation involving the
serosa (grade 5); (c) Group Il (TNBS + 10 uM HNG); focal ulceration
and inflammation involving the muscularis propria (grade 3);
(d) Group IV (TNBS + 20 uM HNG); focal ulceration with inflammation
limited to the submucosa (grade 2) (H and E; a, x50; b, x25; c, d, x50)

Effects of HNG on caspase-3 activity

The activity of caspase-3 was assessed as a marker for colonic
apoptosis following the instillation of TNBS. The colon of
the control group (Group I) appeared almost normal in
microscopic observations except for a slight immunoreaction
of the surface columnar epithelium [Figure 3a]. In colon
sections from rats receiving TNBS alone (Group II)
marked and diffused caspase-3 staining was observed in
mucosa [Figure 3b]. Milder immunoreaction and caspase-3
staining were detected in rats treated with 10 uM HNG
in the group III [Figure 3c]. The number of positively
stained cells markedly decreased in group IV [Figure 3d].
Immunoreactivity of caspase-3 was also scored. The
caspase-3 activity in colonic tissue was significantly higher
in the groups 11, I1I, and IV than in the group I. Treatment
with HNG significantly decreased the caspase-3 activity in
colonic tissues from the groups III and IV compared to the
group I (P = 0.01 and P < 0.001). However, there was no
significant difference observed between the groups I1I and

IV (P = 0.279) [Table 1].
DISCUSSION

The causes of UC are still unclear but it is clear that the
exaggerated intestinal epithelial apoptosis leads to villus
atrophy and epithelial destruction, which plays a central
role in the pathogenesis of the disease.!"®l Increased rates of
intestinal epithelial damage are well known to be commonly
associated with increased mucosal cytokine production
such as TNIF-ovand IL-1P. The present study demonstrated
that HNG reduced the amount of TNF-o and 1L-18 and
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Table 1: The median (minimum-maximum) levels of IL-1Beta (IL-18) and TNF-alpha (TNF-a), microscopic and
macroscopic colitis scores, and caspase-3 activities of all groups

Group | (Control) Group Il (TNBS colitis)

IL-1B8 0.41 (0.12-0.80) 8.78 (5.61-22.5)
TNF-a 0.38 (0.23-0.98) 2.96 (1.62-3.90)
Macroscopic score 0.0 (0-1) 4.0 (3-5)
Microscopic score 0.0 (0-1) 4.5 (4-5)
Caspase-3 activity 0.0 (0-1) 3.0 (3-3)

Group IIl (TNBS + 10 yM HNG)
3.1(2.03-5.77)°
2.05 (1.51-2.50)¢

Group IV (TNBS + 20 uM HNG)
1.12 (0.50-2.36)°
0.93 (0.68-1.37)

2.50 (1-3) 2.0 (1-3)°
3.0 (2-4)° 2.0 (2-3)
2.0 (1-3) 1.0 (0-3)

aP = 0.001 compared with group II; °P < 0.001 compared with group II; °P = 0.002 compared with group II; P = 0.021 compared with

group Il; ¢P = 0.01 compared with group Il

Figure 3: Immunohistochemical staining with caspase-3 of colon tissues:
(a) Group | (control); low intensity caspase-3 expression, only on the apical
of colonic surface epithelial (grade 1). (b) Group Il (TNBS colitis); strong
cytoplasmic immunoreactivity (grade 3). (c) Group Il (TNBS + 10 uM HNG);
moderate cytoplasmic immunoreactivity (grade 2). (d) Group IV (TNBS + 20
uM HNG); weak immunoreactivity (grade 1) (B-SA, 3,3’-diaminobenzidine
tetrahydrochloride; a-d, x50)

apoptosis verified by decreased capsase-3 activity in the
colonic tissue.

Since it was isolated from a protected lobe of a brain
from an Alzheimer’s disecase patient, HN has been
identified in a wide range of tissues including testis, colon,
hypothalamus, heart, liver, skeletal muscle, kidney, and
vascular wall.>'7-2!! Multiple studies have demonstrated that
HN was cytoprotective against injury-induced apoptosis in
many tissues including neuronal tissue,”??% blood-derived
cells,® heart and blood vessels, #2031 pancreatic beta
cells, 732 and testis.”1?%! A very recent study provides new
evidence for the “anti-inflammatory” effect of HN. A role
of HN in the downregulation of inflammatory responses has
been demonstrated in vivo and in cell culture systems. Miao
et al. first observed that HNG ameliorates Ab25-35- induced
neuroinflammatory responses by decreasing the level of
IL-6 and TNF-o in mice.®" Zhang et al. discovered that
HN attenuates inflammation by downregulating intrarenal
inflammatory markers of monocyte chemoattractant

protein-1, TNF-a, and ostecopontin and reduces
macrophage infiltration in hypercholesterolemic Apo-E
deficient mice; thereby decreasing the renal microvascular
remodeling, inflammation, and apoptosis in the ecarly
stage of kidney disease.!'"” Finally, Zhao et al. reported
that treatment of HNG partially suppresses the secretion
of pro-inflammatory cytokines including IL-6, IL-1B, and
TNF-o in a dose-dependent manner in astrocytes induced
by lipopolysaccharides (LPS).1""! The pro-inflammatory
cytokines IL-1p, IL-6, and TNF-o have been demonstrated
to be the regulators of colonic inflammation in UC.P?
In this study, we observed that the expression of TNI-o
and IL-1B in colonic tissues was significantly higher in
TNBS-treated rats compared to the control group, while
HNG treatment efficiently reduced the overexpression of
these pro-inflammatory cytokines, which was consistent
with the alleviation of the inflammatory injuries in the
colon tissues of HNG treated rats. In our study, the effects
of HNG on mucosal healing and pathological macroscopic
and microscopic scores yielded quite remarkable results.
The macroscopic and microscopic pathological scores of
intestinal tissue from the HNG groups were higher than
those of the control group but significantly lower than those
of the TNBS group.

During UC, intestinal epithelial cell (IECs) apoptosis is
observed in active inflammatory sites.’”*! The present study
supports the significant role of TNF-o in UC by inducing
IECs apoptosis. Using a rat model of TNBS-induced colitis
that mimics UC, we observed that TNF-ou expression in
colonic tissues was significantly increased, accompanied by a
concomitant increasing of caspase-3 enzyme activity, which are
key markers of cell apoptosis. Accumulating evidence has shown
that decreased levels of TNF-ovin the intestinal tissue and serum
reduce [ECs apoptosis in UC.P? In line with this, in this study,
we found that treatment with HNG significantly decreased
caspase-3 activities compared to that in TNBS-treated rats.
Therefore, we speculated that HNG prevented apoptosis caused
by TNF-a in intestinal epithelial cells in UC. Our results are
consistent with the study of Gottardo et al. showing inhibition
of TNF-a induced apoptosis by HN in anterior pituitary cells
gonadectomized female and male rats.[*!

109

Volume 23, Number 2
Jumada Al-Thany 1438H
March-April 2017

The Saudi Journal of
Gastroenterology



Gultekin, e al.

CONCLUSION

In conclusion, our results indicate that TNF-o, IL-1p
and apoptotic cell death play a very important role in the
pathology of colitis. The administration of HNG appears to
have beneficial effects on TNBS-induced colitis as indicated
by decreased expression of TNF-o and IL-1f in colonic
tissues and caspase-3 activity. The cytoprotective effects of
HNG secem to be associated with anti-apoptotic and possibly
anti-inflammatory effects. However, the precise mechanisms
responsible for these anti-apoptotic and anti-inflammatory
effects of HNG remain unknown. Therefore, further studies
are required to clarify the exact mechanisms mediating the
curative effect of HNG in colitis.
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