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Galectin-1 reduces the severity of dextran sulfate
sodium (DSS)-induced ulcerative colitis by suppressing
inflammatory and oxidative stress response

Pelin Arda-Pirincci'*, Guliz Aykol-Celik?

ABSTRACT

Ulcerative colitis is an inflammatory bowel disease that affects a large number of people around the world. Galectin-1is a 3-galactoside-binding
lectin with a broad range of biological activities. The effects of galectin-1 on dextran sulfate sodium (DSS)-induced ulcerative colitis in vivo is
not clear. We investigated the effect of galectin-1 on colon morphology, cell proliferation, oxidative stress, antioxidant system, and proinflam-
matory/antiinflammatory cytokines in a DSS-induced mouse model of ulcerative colitis. Thirty-two C57BL/6 mice were randomly assigned
to one of the four groups: control, acute colitis, galectin-1, and DSS+galectin-1. Controls were treated with phosphate-buftered saline (PBS) for
seven days. Acute colitis was induced by 3% DSS in drinking water administered orally for five days. Mice in galectin-1 groups were treated
with 1 mg/kg recombinant human galectin-1 in PBS for seven consecutive days. Oral DSS administration resulted in acute colitis by causing
histopathological changes; an increase in disease activity index (DAI), lipid peroxidation (malondialdehyde [MDA]), myeloperoxidase (MPO),
and tumor necrosis factor (TNF)-a levels; a decrease in body weight, colon length, cell proliferation index, catalase, glutathione peroxidase
(GSH-Px) and superoxide dismutase (SOD) activities, and GSH and interleukin (IL)-10 levels. The treatment with galectin-1 attenuated DSS-
induced acute colitis by reducing DAL, MDA, MPO, and TNF-a levels and by increasing body weight, colon length, cell proliferation, antioxi-
dant enzyme activity, GSH, and IL-10 levels. These findings suggest that galectin-1 has proliferative, antioxidant, antiinflammatory, and cytopro-
tective effects against DSS-induced ulcerative colitis in mice. Due to its antiinflammatory and antioxidant activity galectin-1 may be effective

in preventing and treating ulcerative colitis.
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INTRODUCTION

Ulcerative colitis is characterized by severe inflammation
and ulcer formation in the colon mucosa and submucosa. It can
be caused by genetic factors or various infectious agents. In addi-
tion, ulcerative colitis can be triggered by factors such as smok-
ing, stress, alcohol, and refined foods [1]. Many studies have been
carried out to understand the underlying mechanism of ulcerative
colitis [2,3], and the potential mechanisms include infiltration of
inflammatory cells, activation of T cells, induction of proinflam-
matory cytokines, and oxidative stress. The current drugs used

in ulcerative colitis therapy, immunosuppressive agents and
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antiinflammatory drugs, only eliminate inflammation and do not
eliminate the root causes of colitis [4,5]. Therefore, new and effec-
tive treatment methods for ulcerative colitis need to be developed.

In vivo animal models generated using chemical agents
such as dextran sulphate sodium (DSS), trinitrobenzenesul-
fonic acid (TNBS), indomethacin, acetic acid, iodoacetamide,
and oxazolone have not only been helpful for investigating
the pathogenesis of colitis, but have also facilitated the devel-
opment of more effective treatment methods [6]. Moreover,
the ulcerative colitis model induced with DSS has advantages
compared to the other models, because DSS-induced colitis in
rodents is quite similar to human colitis, in terms of clinical and
histopathological features [7,8].

Galectin-1 (Gal-1) is a homodimeric lectin that belongs to
the galectin family and has the affinity for B-galactoside [9].
Gal-1 has a role in cell growth, proliferation, differentiation,
adhesion, migration, T cell apoptosis, and immunomodulation.
It participates in the regulation of wound healing, angiogenesis,
and antiinflammatory response [10]. In recent years, Gal-1 has
been tested in experimental animals for the treatment of var-
jous diseases, including autoimmune encephalomyelitis [11],
arthritis [12], hepatitis [13], and pancreatitis [14]. Nevertheless,
the use of Gal-1 in in vivo models is still very limited and the

mechanisms of action have not been fully elucidated.
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To the best of our knowledge, no study has investigated the
effects of Gal-1 administration on DSS-induced ulcerative colitis
in experimental animals. The aim of this study was to investi-
gate the effect of Gal-1 on colon morphology, cell proliferation,
oxidative stress, antioxidant system, and proinflammatory/
antiinflammatory cytokines in a DSS-induced mouse model of
ulcerative colitis. In addition, this study aimed to explore the pro-

phylactic and therapeutic benefits of Gal-1 in ulcerative colitis.

MATERIALS AND METHODS

Animal model

The Animal Care and Use Committee of Istanbul
University approved the experimental protocol of this
study with the number 2012/95. Thirty-two Cs57BL/6 mice,
7—8 weeks old, were randomly selected and separated into
four groups. The schematic diagram of the experimental
design is shown Figure 1. The following groups were included:
group I, control animals were injected intraperitoneally (ip.)
with phosphate-buffered saline (PBS, pH 7.4) once a day for
7 consecutive days; group II, animals were orally dosed 3%
DSS (w/v, mol. wt. 36,000-50,000) in their drinking water
for 5 days for acute colitis induction; group 11, animals were
injected i.p. with 1 mg/kg Gal-1 (dissolved in PBS) once a day
for 7 consecutive days; and group 1V, animals were injected i.p.
with 1 mg/kg Gal-1 for 7 sequential days and received 3% DSS
orally for 5 days (starting on the 3" day of Gal-1 treatment).
The animals were fasted overnight prior to euthanization. The
animals were euthanized under anesthesia with ketamine, on
the 8" day of the experiment. The colon tissues were removed
from the animals for examination.

Determination of the change in body weight and
colon length of mice

The weights of mice were monitored daily during the exper-
iment, to assess the change in the body weight. The mouse

body weight before starting the experiment was determined to
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calculate the percentage change in body weight. Midline inci-
sions of anaesthetized mice were performed. The colon tissues
from the cecum to the anus were collected and the fecal con-
tent was carefully removed before measuring the colon length.

Colitis activity index

The Cooper’s grading system for the degree of colonic
inflammation was used and the disease activity index (DAI)
was determined for DSS-induced mice [15]. The DAI scoring
criteria, shown in Table 1, included occult/gross rectal bleed-
ing, stool consistency, and weight loss. Each DAI parameter
was scored between o (undamaged) and 4 (severe damage)
and the arithmetic average was taken. The maximum score for
an individual animal was 4 and mice with a score >3 were used.

Histopathological evaluation

Tissues obtained from the first 0.5-cm segments of the
proximal part of the distal colon were fixed in Bouin solution
and embedded in parafhin. The colon sections (5 pm thick)
were stained with Periodic acid-Schiff (PAS) and hematoxy-
lin-eosin (HE), viewed under a light microscope (Olympus
CX441, Japan), and pictures were taken with a digital camera
(Olympus DP71). The colitis scoring system was used for
microscopic determination of histological colitis damage score
in distal colon sections [16]. Colon sections were graded based
on the following criteria: severity of inflammation, spread of
inflammation, and crypt damage (Table 2). Subsequently,
the score for each criterion was multiplied by the percentage
involvement on each cross-section and the calculated scores
of the three criteria were added. The maximum colitis damage
score was accepted as 40 for an individual animal and individ-
ual colitis scores were statistically evaluated.

Immunohistochemical analysis

Cell proliferation indexes of distal colon mucosa were assayed
using Ki-67 immunohistochemistry. Colon samples were fixed
in 10% phosphate-buffered formalin and embedded in paraffin.
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FIGURE 1. Schematic diagram of the experimental design. Group I: control mice; Group Il: mice induced with DSS; Group Ill: mice
injected with galectin-1; Group IV: mice administered DSS and galectin-1. DSS: Dextran sulfate sodium.
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TABLE 1. Disease activity index scoring criteria

Score  Weight loss (%) Stool consistency ~ Occult/gross rectal bleeding
0 None Normal Negative

1 1-5 Loose stools Negative

2 5-10 Loose stools Hemoccult positive

3 10-20 Diarrhea Hemoccult positive

4 >20 Diarrhea Gross bleeding

TABLE 2. Histological colitis damage scoring system

Feature graded Grade Description
Severity of inflammation 0 None
1 Slight
2 Moderate
3 Severe
Spread of inflammation 0 None
1 Mucosa
2 Mucosa and submucosa
3 Transmural
Crypt damage 0 None
1 Basal 1/3 damaged
2 Basal 2/3 damaged
3 Only surface epithelium intact
4 Entire crypt and epithelium lost
Percent involvement 1 1-25%
2 26-50%
3 51-75%
4 76-100%

Mouse anti-Ki-67 antibody (Abcam-ab16667, Cambridge, UK;
1:100 in PBS) was used to detect dividing cells. Mayer's hematox-
ylin was applied as contrasting dye. In colon sections, approx-
imately 1000 cells in different randomly selected areas were
counted. The proliferation index was calculated as a percentage

of Ki-67 positive cells relative to the total cell number.

Biochemical analysis

Colon homogenates (10%) were prepared in cold 0.9%
sodium chloride solution. They were centrifuged at 10,000 g
for 20 minutes and the supernatants were used for spectro-
photometric analysis. Protein levels were estimated accord-
ing to Lowry protocol using bovine serum albumin (BSA)
standards [17]. The Beutler method was used for determina-
tion of glutathione (GSH) level in colon homogenates [18].
Malondialdehyde (MDA), which is an end product of lipid
peroxidation, was assayed according to the Ledwozyw
method [19]. Spectrophotometrically (Schimadzu UV 1700,
Kyoto, Japan), glutathione peroxidase (GSH-Px) activity was
assayed according to the Paglia-Valentine method [20], catalase
(CAT) activity according to the Aebi method [21], and super-
oxide dismutase (SOD) activity according to Sun method [22].

Enzyme-linked immunosorbent assay (ELISA)

Mononuclear cell infiltration into colon tissue was detected

by measuring myeloperoxidase (MPO) concentration. Colon
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tissues (10 mg) were homogenized in 200 pl of lysis buffer
(pH 7.4) with a glass homogenizer. Subsequently, samples
were centrifuged at 1500 g for 15 minutes at +4°C and the
supernatants were used to determine MPO levels in colon
tissues. Measurement was done according to the instructions
of Mouse MPO Sandwich ELISA Kit (HK210, Hycult Biotech,
Uden, Netherlands).

Tumor necrosis factor alpha (TNF-a) and interleukin (IL)-
10 expression in colon tissues were determined by ELISA. Colon
tissues were homogenized in a glass homogenizer by diluting
with ice-cold PBS (0.01 M, pH 7.2) at 10%. Then, homogenates
were subjected to ultrasonication 6 times for 10 seconds, to
lyse the cell membrane. Next, homogenates were centrifuged
at 5000 g at +4°C for 5 minutes, and clear supernatants were
used in cytokine and protein measurements. Following the
manufacturer’s recommendations, TNF-o levels were assayed
using mouse specific TNF-a Sandwich ELISA Kit (SEA133Mu,
USCN, Cloud-Clone Corp., Wuhan, China), while IL-10 con-
centrations in colon tissues were measured using Mouse IL-10
Sandwich ELISA Kit (SEAos6Mu, USCN, Cloud-Clone Corp.,
Wuhan, China). Protein levels in supernatants were deter-
mined by the Lowry’s method for ELISA analysis.

Statistical analysis

All data were evaluated using SPSS for Windows, Version
15.0. (SPSS Inc., Chicago, USA). The colitis activity index, his-
tological colitis score, and immunohistochemical data were
analyzed by Kruskal-Wallis test and Mann—Whitney U test.
All other data were evaluated using one-way ANOVA and
unpaired student t-test. The results were represented as mean
+ standard error (SE).

RESULTS

Relative change in body weight and colon length

The relative change in the body weight of mice from dif-
ferent groups is shown in Figure 2A. In the first 3 days of the
experiment, no significant difference was detected among the
groups in terms of the change of the body weight. After 7 days,
amild increase in the body weight of mice in control and galec-
tin-1 group was observed. Beginning from the 4" day of the
experiment, when the symptoms of colitis were observed, a
significant decrease in the body weight of mice in DSS group
was detected compared to control group (p < 0.001). The body
weight of mice in DSS+galectin-1 group significantly increased
throughout the experiment from the 4™ day (except on the
7" day) compared to DSS group (p < 0.001).

The colon lengths of mice from each group are shown in
Figure 2B. There was a statistically significant decrease in the

length of colon tissues in DSS group compared to control group
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FIGURE 2. (A) Body weight change (%) in all groups. Beginning from the 4™ day of the experiment, when the symptoms of colitis were
observed, a significant decrease in the body weight of mice in DSS group was detected compared to control group. The body weight of
mice in DSS+galectin-1 group significantly increased throughout the experiment from the 4" day (except on the 7" day) compared to
DSS group. 2p < 0.001, °p < 0.05, and ¢p < 0.01 vs. control group; v < 0.001 vs. DSS group; ¢p < 0.05, o < 0.01, and g < 0.001 vs.
galectin-1 group. (B) Colon length in all groups. The lengths of colon tissues in DSS group were markedly decreased compared to control
group. There was a remarkable increase in the colon lengths in the group treated with Gal-1 alone compared to control animals. The
colon lengths in DSS+galectin-1 group were significantly increased compared to DSS group. 2p < 0.001 and °p < 0.05 vs. control group;
¢p < 0.01 vs. DSS group; %0 < 0.001 vs. galectin-1 group. (C) Daily disease activity index (DAI) in DSS-induced experimental groups. DAI
was measured at 24, 48, 72, 96, and 120 hours after DSS administration. DAl was elevated with the induction of ulcerative colitis. Gal-1
treatment significantly reduced DAl compared to DSS group. 20 < 0.001 and "p < 0.01 vs. control group; °p < 0.001 and %0 < 0.01 vs. DSS

group; ¢p < 0.001 and 'p < 0.01 vs. galectin-1 group. DSS: Dextran sulfate sodium.

(p < 0.001). However, a significant increase was observed in
galectin-1 group compared to control group (p < 0.001). In
DSS+galectin-1 group, the colon length was decreased com-
pared to control (p < 0.05) and galectin-1 group (p < 0.001). On
the other hand, the colon length was significantly increased in
DSS+galectin-1 group compared to DSS group (p < 0.01).

Colitis activity index

The DAI of different groups determined for 5 days follow-
ing DSS administration is presented in Figure 2C. DAI was
found to be elevated with the induction of ulcerative colitis.
The highest DA values in both DSS group and DSS+galectin-1
group were observed on the 5™ day of DSS administration.
DSS-induced mice exhibited significantly higher DAI lev-
els compared to control mice (p < 0.001). In DSS+galectin-1
group, there was a significant increase in DAl compared
to control and galectin-1 group (day 1 and 5 p < 0.001; and
day 4 p < 0.01). However, DAI in DSS+galectin-1 group was
lower than in DSS group at all experimental days (day 1 and 5
p<o.00tand day 4. p < 0.01).

Histopathological results

The histological colitis damage score and light microscope
images of the colon from all groups are presented in Figure 3A
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and B. The histological score showed a statistically signifi-
cant increase in DSS compared to control group (p < 0.001).
No significant difference was found in the histological score
between mice in galectin-1 group and mice in control group.
The histological damage score was significantly increased in
DSS+galectin-1 group compared to both control and galectin-1
groups (p < 0.001). However the pre-injection of Gal-1 to DSS
group significantly decreased histological damage compared
to DSS group (p < 0.001). The sections taken from the distal
colon tissues of mice from control group showed healthy and
normal histological appearance. The most obvious findings in
DSS group were extensive inflammatory cell infiltration in the
mucosa and submucosa, submucosal edema, focal mucosal
deterioration, superficial erosion in epithelium, disruption of
crypt integrity, vacuolar hydropic degeneration in crypt cells
of some individuals, widespread ulceration with loss of crypts,
and necrotic areas in mucosa and submucosa. The histological
appearance in the tissue sections of galectin-1 group was sim-
ilar to that of control group, except for mild inflammatory cell
infiltration observed in the lamina propria of a few individuals.
The histological damage in DSS+galectin-1 group was mark-
edly reduced compared to DSS group. Mucosal ulceration,
necrotic areas, and severe crypt lesions were not observed
in the sections of DSS+galectin-1 group. The pre-injection of
Gal-1 to DSS-induced mice significantly reduced the colonic
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FIGURE 3. (A) Histological colitis score of all groups. The histological score showed a statistically significant increase in DSS com-
pared to control group. The pre-injection of Gal-1 to DSS-induced mice significantly reduced the colonic damage. Data are given
as mean * SE per group. ?p < 0.001 vs. control group; °p < 0.001 vs. DSS group; °p < 0.001 vs. galectin-1 group. (B) Light micro-
scope image of the colon in control group (a). Light micrograph of DSS-induced ulcerative colitis group (b) shows inflammatory
cell infiltration (=), submucosal edema (p ), focal mucosal deterioration (%), necrotic areas in the mucosa and submucosa (»),
disruption of crypt integrity and widespread loss of crypts. Galectin-1 group (c) and DSS+galectin-1 group (d) micrographs show
slight inflammatory cell infiltration (= ). In addition, the image of DSS+galectin-1 group demonstrates submucosal edema (=) and
disruption of crypt integrity (» ). Hematoxylin-eosin; original magnification x100. (C) Cell proliferation index determined by Ki-67
immunohistochemistry in colon mucosa. The cell proliferation index of DSS group showed a statistically significant decrease com-
pared to control group. The suppressive effects of DSS on the proliferation of colon epithelial cells were inhibited by Gal-1 pre-in-
jection, and the proliferation index markedly increased compared to DSS group. ?p < 0.05 vs. control group; °p < 0.01 vs. control
group; °p < 0.05 vs. DSS group; 9p < 0.01 vs. galectin-1 group. (D) Proliferating cells marked by Ki-67 immunohistochemistry in
the distal colon mucosa of mice (9). Control group (e), DSS group (f), galectin-1 group (g), DSS+galectin-1 group (h). Streptavidin-
biotin-peroxidase staining method; original magnification x400. DSS: Dextran sulfate sodium.
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Immunohistochemical results

Figure 3C shows cell proliferation index and Figure 3D
shows Ki-67 immunoreactive micrographs of colon mucosa in
all groups. The cell proliferation index of DSS group showed
a statistically significant decrease compared to control group
(p < 0.01). A statistically significant increase in cell proliferation
index in galectin-1 group was observed compared to control
group. In DSS+galectin-1 group, the number of Ki-67 positive
cells was significantly decreased (p < 0.05, p < 0.01) compared
to control and galectin-1 group, but a significant increase in cell
proliferation compared to DSS group was noticed (p < 0.05).
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The GSH and lipid peroxidation (MDA) levels of colon
homogenates from all groups are shown in Figure 4A and B.
GSH levels in all experimental groups showed a statistically
significant decrease compared to control group; the sig-
nificance of the difference was as follows: DSS (p < 0.001),
galectin-1 (p < 0.01), and DSS+galectin-1 (p < 0.01). The most
significant reduction in GSH levels was in DSS group. The
GSH level in DSS+galectin-1 group significantly increased
compared to DSS group (p < 0.05). MDA levels in DSS group
showed a significant increase compared to control group
(p < 0.05). Compared to control animals, an insignificant
decrease was observed in galectin-1 group. The MDA level
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FIGURE 4. (A) GSH levels in the mouse colon tissues. ?p < 0.001 and °p < 0.01 vs. control group; °p < 0.05 vs. DSS group. (B) MDA
levels in the mouse colon tissues. ?p < 0.05 vs. control group; °p < 0.05 vs. DSS group. (C and D) GSH-Px and CAT activities in the
mouse colon homogenates. 2p < 0.001 vs. control group; Pp < 0.001 vs. DSS group; °p < 0.001 vs. galectin-1 group. (E) SOD activ-
ity in the mouse colon tissues. 2p < 0.05 vs. control group; °p < 0.05 vs. DSS group; ¢p < 0.01 vs. galectin-1 group. (F) MPO concen-
tration in the mouse colon homogenates. 2p < 0.001 vs. control group; °p < 0.001 vs. DSS group; ¢p < 0.001 vs. galectin-1 group.
(G) TNF-a levels in the mouse colon tissues. ?p < 0.01 vs. control group; °p < 0.05 vs. control group; °p < 0.01 vs. DSS group.
(H) IL-10 cytokine levels in the mouse colon tissues. 2p < 0.001 vs. control group; °p < 0.05 vs. control group; ¢p < 0.05 vs. DSS
group; 9p < 0.01 vs. galectin-1 group. All data are given as mean + SE per group. GSH: Glutathione; DSS: Dextran sulphate sodium;
MDA: Malondialdehyde; GSH-Px: Glutathione peroxidase; CAT: Catalase; SOD: Superoxide dismutase; MPO: Myeloperoxidase;

TNF-a: Tumor necrosis factor alpha; IL: Interleukin.

in DSS+galectin-1 group significantly decreased compared to

DSS group (p < 0.05).

Antioxidant enzyme activities

GSH-Px, CAT, and SOD activities in colon tissues from
all groups are presented in Figure 4C, D, and E, respectively.
GSH-Px activity was significantly decreased in both DSS and
galectin-1 group compared to control group (p < 0.001). DSS
administration reduced GSH-Px activity by half compared to
control animals. GSH-Px activity was significantly increased
in DSS+galectin-1 group compared to DSS and galectin-1
group (p < 0.001). CAT activity in DSS group showed a sig-
nificant decrease compared to control group (p < o.001).
However, Gal-1 pre-injection to DSS group caused a statis-
tically significant increase in CAT activity compared to DSS
group (p < 0.001). SOD activity was significantly decreased
in both DSS and galectin-1 group when compared to con-
trol group (p < 0.05). The low SOD activity observed in DSS
group significantly increased with the pre-injection of Gal-1 (p

< 0.05). In addition, the increase in SOD activity observed in
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DSS+galectin-1 group was statistically significant compared to

galectin-1 group (p < 0.01).

MPO and cytokine levels

The MPO concentration of colon homogenates from all
groups is presented in Figure 4F. The most significant increase
in MPO concentration (about 13-fold) was observed in DSS
group compared to control group (p < o0.001). In addition,
there was a statistically significant increase in MPO concen-
tration in both galectin-1 and DSS+galectin-1 group (p < 0.001)
compared to control. Furthermore, a significant increase in
MPO concentration was detected in DSS+galectin-1 com-
pared to galectin-1 group (p < 0.001). But MPO concentration
in DSS+galectin-1 group was significantly lower compared to
DSS group (p < 0.001).

Figure 4G and H show TNF-a« and IL-10 cytokine levels of
colon tissues from all groups. There was a statistically signifi-
cant increase in TNF-alevels in both DSS (p < 0.01) and galec-
tin-1 group (p < 0.05) compared to control group. The pre-in-

jection of Gal-1 to DSS-induced mice significantly increased
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TNF-a levels (p < 0.01). There was a statistically significant
decrease in IL-10 levels in DSS group compared to control
group (p < 0.001). Also, a significant decrease in IL-10 levels in
galectin-1 (p < 0.05) and DSS+galectin-1 group (p < 0.001) was
observed compared to control group. However the pre-in-
jection of Gal-1 to DSS-induced mice increased IL-10 levels
compared to DSS group (p < 0.05). On the other hand, IL-10
levels were decreased in DSS+galectin-1 group compared to
galectin-1 group (p < 0.01).

DISCUSSION

DSS-induced mouse ulcerative colitis model is commonly
used and is the preferred experimental model for ulcerative
colitis. This is because this model shows clinical features
such as weight loss, diarrhea, rectal bleeding, as well as his-
topathological features such as inflammatory cell infiltration,
ulceration, and crypt damage of the colon mucosa. Acute or
chronic colitis models can be generated by applying different
doses of DSS to experimental animals [23-25].

In several studies, oral administration of DSS solution
(3%) to mice for 5 days resulted in severe colitis damage char-
acterized by bloody diarrhea, constant weight loss, increased
DAI, and decreased colon length. Moreover, colon sections of
DSS-induced mice exhibit ulcerated areas, disintegrated crypt
structure, inflammatory cell infiltration, and severe micro-
scopic damage [26,27]. These findings are consistent with
the results of our study, where 3% DSS was applied for 5 days
to C57BL/6 mice and DAI was >3 in all animals. The histo-
pathological findings of the study by Matos et al. [27] showed
inflammatory cell infiltration, mostly in the mucosa and in
some cases in the submucosa, submucosal edema, disruption
of crypt integrity, widespread ulceration, and necrosis with
loss of crypts. The pathogenesis of ulcerative colitis is directly
associated with the infiltration of a large number of leucocytes
to the mucosa of the colon. It is well-known that neutrophil
infiltration to the mucosa is one of the most important events
in colon inflammation during the acute colitis phase. MPO
activity, which is an indicator of neutrophil infiltration, was
shown to increase with the severity of inflammatory damage
as observed by microscopic analysis in many studies where
DSS was used to induce ulcerative colitis in mice [28,29]. This
is in agreement with the microscopic findings of the present
study, where MPO concentration in colon tissues from DSS
group significantly increased compared to control group.

Gal-1, a lectin expressed by different types of cells in
the gastrointestinal tract of human and mouse, has a role in
many biological processes, including wound healing and anti-
inflammatory response. Gal-1 is important for controlling
the initiation, increase, and termination of inflammatory
responses [9,30]. It also prevents migration of several types of
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inflammatory cells from peripheral blood and the extracellular
matrix [31]. There is strong evidence suggesting that Gal-1 acts
as an immunosuppressive and antiinflammatory mediator by
inhibiting leukocyte aggregation. The inhibitory effect of Gal-1
on the accumulation of leucocytes has been demonstrated in
various i1 vivo inflammation models, such as phospholipase
Aaz-stimulated or carrageenan-stimulated paw edema [32]
and acute peritonitis [33]. In phospholipase A2-stimulated
paw edema, Gal-1 pre-treatment heals edema by decreasing
polymorphonuclear leukocytes (PMN) infiltration and mast
cell degranulation, thus reducing tissue damage [34]. This is
consistent with our findings; 1 mg/kg dose of Gal-1 signifi-
cantly reduced DAI and showed a protective effect on the
colon by preventing the common inflammation, necrosis, and
crypt damage caused by DSS. In addition, Gal-1 decreased
MPO concentration in the colon tissue.

In ulcerative colitis, the balance between epithelial cell
proliferation and apoptosis is impaired. Destruction of the
epithelial barrier causes the invasion of microorganisms in the
large intestine, leading to chronic inflammation of the colon
mucosa [35]. In this study, DSS reduced epithelial cell prolif-
eration in the mouse colon. Comparable to our findings, the
rate of proliferating epithelial cells in crypts was significantly
reduced compared to control group when Araki et al. adminis-
tered DSS (5%, w/v) for 8 days to BALB/cAJcl mice [36]. These
findings can be explained by the short-term DSS administra-
tion that arrests epithelial cells in the Go phase and blocks
the cell cycle, leading to mucosal damage. Recombinant Gal-1
shows biphasic effects on cellular proliferation depending on
the concentration. Gal-1 is a mitogen at low concentrations,
while the inhibitory effects of this lectin on proliferation occur
at higher concentrations [37]. Gal-1 has a mitogenic effect on
vascular smooth muscle cells [38], pulmonary artery endothe-
lial cells [39], hepatic stellate cells [40], and mouse BALB3T3
fibroblast cells [41]. In the present study, the cell proliferation
index in the colon mucosa of mice that received only Gal-1
injection was increased compared to control group. In addi-
tion, the suppressive effects of DSS on the proliferation of
colon epithelial cells were inhibited by Gal-1 pre-injection,
and the proliferation index markedly increased compared to
DSS group. Furthermore, the colon lengths in DSS+galectin-1
group were significantly increased compared to DSS group.
There was a remarkable increase in the colon lengths in the
group treated with Gal-1 alone compared to control animals.
These findings are consistent with the increase in the prolif-
eration index of the colon mucosa in galectin-1 group. Thus,
the effect of Gal-1 on the colon length may be associated with
increased cell proliferation.

One of our aims was to determine the role of oxidative
stress and antioxidant defense system in DSS-induced ulcer-
ative colitis, and to investigate the effects of Gal-1 on oxidative
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damage caused by DSS in the colon tissue. Reactive oxy-
gen metabolites, along with excessive production of proin-
flammatory mediators, may cause ulcerative colitis. Under
pathological conditions, the balance between oxidants and
antioxidants is disrupted [42]. In ulcerative colitis, active neu-
trophils that migrate to the colon mucosal epithelium cause
oxidative damage and lipid peroxidation of colon tissue by
producing reactive oxygen species (ROS) [43]. It was reported
that after DSS administration ROS levels in colon mucosa sig-
nificantly increase [44]. Several studies investigated the rela-
tionship between oxidative stress and antioxidant system in
DSS-induced colitis models [3,28,29]. Yao et al. [3] and Zhao
et al. [29] found that colon MPO and MDA levels increased,
while SOD and GSH-Px activities decreased in colitis group
compared to controls. In general, DSS increases oxidative
stress and suppresses the antioxidant response in acute colitis
models induced by 5% DSS. Our findings showed that MPO
and MDA levels in the colon tissue significantly increased,
while antioxidant levels markedly decreased in DSS-induced
colitis group compared to control group. This is consistent
with the studies cited above. These results suggest that, in
DSS-induced ulcerative colitis model, oxidative stress and
lipid peroxidation are increased in the colon tissue, due to the
activation of neutrophils and macrophages, while the antioxi-
dant defense system is greatly suppressed.

Gal-1 effect on oxidants and antioxidants in different tis-
sues is not fully understood. In cancer cells, however, Gal-1
expression has been reported to increase under hypoxia and
oxidative stress [45]. The present study is the first to reveal the
effects of Gal-1 on MDA and GSH levels, and GSH-Px, CAT,
and SOD activities. In this study, the pre-injection of Gal-1 to
DSS-induced mice caused a statistically significant increase
in GSH levels and GSH-Px, CAT, and SOD activities, and a
significant decrease in MDA levels in the colon homogenates
when compared to DSS group. Based on these findings, we
presume that Gal-1 activates antioxidant defense system in
DSS-induced ulcerative colitis model and protects colon tis-
sue against oxidative damage.

Cytokines are important in the regulation of immune func-
tion. It is well-known that the balance between pro and antiin-
flammatory cytokines is impaired in inflammatory bowel dis-
eases [46]. Colon biopsies of people with inflammatory bowel
disease are reported to have increased proinflammatory cyto-
kine levels and decreased antiinflammatory cytokine levels.
DSS-induced ulcerative colitis model has shown that TNF-a
plays an important role in the progression of colitis [47]. [L-10
is known to have antiinflammatory effects in inflammatory
bowel diseases. 1L-10 knock-out mice develop chronic colitis,
which supports the view that [L-10 has an important role in
immune regulation [48]. In a study where 3% DSS (40 kDa)
was administered for 7 days to induce acute colitis in C57BL/6
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mice, serum TNF-a levels were quite high compared to control
group, while IL-10 levels decreased in the colitis group [49].In
the present study, TNF-a level showed a statistically significant
increase in the colon homogenates of DSS group, whereas
[L-10 levels decreased. In TNBS-stimulated colitis model,
intravenous Gal-1 injection at different doses (0.04, 0.4, and
1 mg/kg) after intrarectal TNBS administration significantly
decreased both plasma and colon proinflammatory cytokine
levels, including TNF-o, IL-1f, IL-12, and interferon gamma
(IFN-y) in a dose-dependent manner [50]. No previous reports
exist on the effect of Gal-1 on colon IL-10 levels. In our study,
we detected a decrease in TNF-alevel in DSS+galectin-1 group
approaching the level observed in control group. In addition,
the Gal-1 pre-treatment of DSS-induced mice significantly
increased IL-10 levels compared to DSS-induced colitis group.
These findings show that Gal-1 exerts antiinflammatory effect
by decreasing elevated TNF-a level during inflammation and
by increasing IL-10 level. Therefore, Gal-1 may play a protective
role against ulcerative colon injury.

CONCLUSION

In conclusion, this study suggests that Gal-1 has cytopro-
tective, proliferative, antioxidant, and antiinflammatory effects
against experimental acute ulcerative colitis induced by DSS.
The study is unique in a way that it was the first to examine
the role of exogenously administered Gal-1 in DSS-induced
experimental ulcerative colitis. Our results suggest that Gal-1
may be effective in preventing and treating ulcerative colitis

due to its antiinflammatory and antioxidant function.
ACKNOWLEDGMENTS

This study was funded by the Scientific Research Project
Coordination Unit of Istanbul University (Project number:
52327, T-28091 and 28084). We thank Cansu Ozal Coskun for
her technical support.

REFERENCES

[1]  LindbergE, Tysk C, Andersson K, Jarnerot G. Smoking and inflam-
matory bowel disease. A case control study. Gut 1988;29(3):352-7.
https://doi.org/10.1136/gut.29.3.352.

[2] Thompson-Chagoyan OC, Maldonado ], Gil A. Aetiology of
inflammatory bowel disease (IBD): Role of intestinal microbiota
and gut-associated lymphoid tissue immune response. Clin Nutr
2005;24(3):339-52.
https://doi.org/10.1016/j.clnu.2005.02.009.

[3]  Yao], Wang]JY, Liu L, Li YX, Xun AY, Zeng WS, et al. Anti-oxidant
effects of resveratrol on mice with DSS-induced ulcerative colitis.
Arch Med Res 2010;41(4):288-94.
https://doi.org/10.1016/j.arcmed.2010.05.002.

(4] Lewis JD, Deren J], Lichtensten GR. Cancer risk in patient with
inflaimmatory bowel diseases. Gastroenterol Clin North Am
1999;28(2):459-77.

www.bjbms.org



[o]

(7]

(8]

[10]

(1]

[12]

(13]

(14]

15]

[16]

(17]
18]

19]

[20

[21]

[22]

(23]

(24

Bosn ] Basic Med Sci. 2020;20(3):319-328

Pelin Arda-Pirincci and Guliz Aykol-Celik: Galectin-1 prevents ulcerative colitis

https://doi.org/10.1016/S0889-8553(05)70065-0.

Pohl C, Hombach A, Kruis W. Chronic inflammatory bowel discase
and cancer. Hepatogastroenterology 2000;47(31):57-70.

Gautam MK, Goel RK. Animal models for induction of ulcerative
colitis. Animal Models and Cell Assays 2012;4:1.

Huang TC, Tsai SS, Liu LE, Liu YL, Liu HJ, Chuang KP. Effect of
Arctium lappa L. in the dextran sulfate sodium colitis mouse model.
World ] Gastroenterol 2010;16(33): 4193-9.
https://doi.org/10.3748/wjg.v16.i33.4193.

Whittem CG, Williams AD, Williams CS. Murine colitis modeling
using dextran sulfate sodium (DSS). ] Vis Exp 2010;(35):1652.
https://doi.org/10.3791/1652.

Camby I, Le Mercier ML, Lefranc F, Kiss R. Galectin-1: A small pro-
tein with major functions. Glycobiology 2006;16(11):137R-57R.
https://doi.org/10.1093/glycob/cwlo2s.

He ], Baum LG. Endothelial cell expression of galectin-1 induced by
prostate cancer cells inhibits T-cell transendothelial migration. Lab
Invest 2006;86(6):578-90.
https://doi.org/10.1038/labinvest.3700420.

Offner H, Celnik B, Bringman TS, Casentini-Borocz D, Nedwin GE,
Vandenbark AA. Recombinant human beta-galactoside binding
lectin suppresses clinicaland histological signs of experimental auto-
immune encephalomyelitis. ] Neuroimmunol 1990;28(2):177-84.
https://doi.org/10.1016/0165-5728(90)90032-1.

Rabinovich GA, Daly G, Dreja H, Tailor H, Riera CM, Hirabayashi ],
et al. Recombinant galectin-1 and its genetic delivery sup-
press collagen-induced arthritis via T cell apoptosis. ] Exp Med
1999;190(3):385-98.

https://doi.org/10.1084/jem.190.3.385.

Santucci L, Fiorucci S, Cammilleri F Servillo G, Federici B,
Morelli A. Galectin-1 exerts immunomodulatory and protective
effects on concanavalin A-induced hepatitis in mice. Hepatology
2000;31(2):399-406.

https://doi.org/10.1002/hep.510310220.

Wang L, Friess H, Zhu Z, Frigeri L, Zimmermann A, Korc M,
et al. Galectin-1 and galectin-3 in chronic pancreatitis. Lab Invest
2000;80(8):1233-41. https://doi.org/10.1038/labinvest.3780131.
Cooper HS, Murthy SN, Shah RS, Sedergran DJ. Clinicopathologic
study of dextran sulfate sodium experimental murine colitis. Lab
Invest 1993;69(2):238-49.

Dieleman LA, Palmen M]J, Akol H, Bloemena E, Pena AS,
Meuwissen SG, et al. Chronic experimental colitis induced by dex-
tran sulphate sodium (DSS) is characterized by Th1 and Th2 cyto-
kines. Clin Exp Immunol 1998;114(3):385-91.
https://doi.org/10.1046/1.1365-2249.1998.00728.X.

Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein measure-
ment with the folin phenol reagent. ] Biol Chem 1951;193(1):265-75.
Beutler E, Duron O, Kelly BM. Improved method for the determi-
nation of blood glutathione. ] Lab Clin Med 1963;61:882-8.
Ledwozyw A, Michalak ], Stepien A, Kadziolka A. The relationship
between plasma triglycerides, cholesterol, total lipids and lipid per-
oxidation products during human atherosclerosis. Clin Chim Acta
19863155(3):275-83.

https://doi.org/10.1016/0009-8981(86)90247-0.

Paglia DE, Valentine WN. Studies on the quantitative and qualita-
tive characterization of erythrocyte glutathione peroxidase. J Lab
Clin Med 1967;70(1):158-69.

Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121-6.
https://doi.org/10.1016/S0076-6879(84)05016-3.

Sun Y, Oberley LW, Li Y. A Simple method for clinical assay of
superoxide dismutase. Clin Chem 1988;34.(3):497-500.
https://doi.org/10.1093/clinchem/34.3.497.

Okayasu I, Hatakeyama S, Yamada M, Ohkusa T, Inagaki Y,
Nakaya R. A novel method in the induction of reliable experimen-
tal acute and chronic ulcerative colitis in mice. Gastroenterology
1990;98(3):694-702.
https://doi.org/10.1016/0016-5085(90)90290-H.

Kawada M, Arihiro A, Mizoguchi E. Insights from advances
in research of chemically induced experimental models of
human inflammatory bowel disease. World ] Gastroenterol

[25]

(26

[27]

(28]

[30]

(31]

(32]

[33]

(34]

[35]

(36]

(37]

(38]

(39]

327

2007;13(42):5581-93.

https://doi.org/10.3748/wjg.v13.i42.5581.

Chassaing B, Aitken JD, Malleshappa M, Vijay-Kumar M. Dextran
sulfate sodium (DSS)-induced colitis in mice. Curr Protoc Immunol
2014;104(1):15.25.1-15.25.14..
https://doi.org/10.1002/0471142735.im15255104.

Melgar S, Karlsson A, Michaelsson E. Acute colitis induced by dex-
tran sulfate sodium progresses to chronicity in Cs7BL/6 but not in
BALB/c mice: Correlation between symptoms and inflammation.
Am ] Physiol Gastrointest Liver Physiol 2005;288(6):G1328-38.
https://doi.org/10.1152/ajpgi.00467.2004.

Matos I, Bento AF, Marcon R, Claudino RF, Calixto JB. Preventive
and therapeutic oral administration of the pentacyclic triterpene
a,p-amyrin  ameliorates dextran sulfate sodium-induced coli-
tis in mice: The relevance of cannabinoid system. Mol Immunol
2013;54(3-4):482-92.

https://doi.org/10.1016/j.molimm.2013.01.018.

Song JL, Qian Y, Li GL, Zhao X. Anti-inflammatory effects of
kudingcha methanol extract (Ilex kudingcha CJ. Tseng) in dex-
tran sulfate sodium-induced ulcerative colitis. Mol Med Rep
2013;8(4):1256-62.

https://doi.org/10.3892/mmr.2013.1635.

Zhao ], Hong T, Dong M, Meng Y, Mu J. Protective effect of myrice-
tin in dextran sulphate sodium-induced murine ulcerative colitis.
Mol Med Rep 2013;7(2):565-70.
https://doi.org/10.3892/mmr.2012.1225.

Cedeno-Laurent F, Barthel SR, Opperman MJ, Lee DM, Clark RA,
Dimitroft CJ. Development of a nascent galectin-1 chimeric mol-
ecule for studying the role of leukocyte galectin-1 ligands and
immune disease modulation. ] Immunol 2010;185(8):4659-72.
https://doi.org/10.4049/jimmunol.1000715.

Baum LG, Seilhamer J], Pang M, Levine WB, Beynon D, Berliner JA.
Synthesis of an endogeneous lectin, galectin-1, by human endothe-
lial cells is up-regulated by endothelial cell activation. Glycoconj |
1995;12(1):63-8.

https://doi.org/10.1007/BF00731870.

Igbal AJ, Sampaio AL, Maione F, Greco KV, Niki T, Hirashima M,
et al. Endogenous galectin-1 and acute inflammation: Emerging
notion of a galectin-g pro-resolving effect. Am ] Pathol
2011;178(3):1201-9. https://doi.org/10.1016/j.ajpath.2010.11.073.
LaM, Cao TV, Cerchiaro G, Chilton K, Hirabayashi ], Kasai K, et al.
A novel biological activity for galectin-1: Inhibition of leukocyte-en-
dothelial cell interactions in experimental inflammation. Am |
Pathol 2003;163(4):1505-15.
https://doi.org/10.1016/S0002-9440(10)63507-9.

Rabinovich GA, Sotomayor CE, Riera CM, Bianco I, Correa SG.
Evidence of a role for galectin-1 in acute inflammation. Eur |
Immunol 2000;30(5):1331-9.
https://doi.org/10.1002/(SICI)1521-4141(200005) 30:5<1331:AID-
IMMU1331>3.0.CO;2-H.

Jones BA, Gores GJ. Physiology and pathophysiology of apoptosis
in epithelial cells of the liver, pancreas, and intestine. Am ] Physiol
1997;273(6):G1174-88.
https://doi.org/10.152/ajpgi1997.273.6.G1174.

Araki'Y, Mukaisyo K, Sugihara H, Fujiyama Y, Hattori T. Increased
apoptosis and decreased proliferation of colonic epithelium
in dextran sulfate sodium-induced colitis in mice. Oncol Rep
2010;24(4):869-74.

https://doi.org/10.3892/01.2010.869.

Adams L, Scott GK, Weinberg CS. Biphasic modulation of cell
growth by recombinant human galectin-1. Biochim Biophys Act
1996;1312(2):137-44.
https://doi.org/10.1016/0167-4889(96)00031-6.

Moiseeva ED, Javed Q, Spring EL, de Bono DP. Galectin 1 is involved
in vascular smooth muscle cell proliferation. Cardiovasc Res
2000;45(2):493-502.
https://doi.org/10.1016/S0008-6363(99)00276-X.

Sanford GL, Harris-Hooker S. Stimulation of vascular cell prolifera-
tion by -galactoside-specific lectins. FASEB ] 1990;4(11):2912-8.
https://doi.org/10.1096/fasebj.4.11.2379767.

www.bjbms.org



[40]

(41]

(42]

[43]

[44]

[45]

Pelin Arda-Pirincci and Guliz Aykol-Celik: Galectin-1 prevents ulcerative colitis

Maeda N, Kawada N, Seki S, Arakawa T, Ikeda K, Iwao H, et al.
Stimulation of proliferation of rat hepatic stellate cells by galectin-1
and galectin-3 through different intracellular signaling pathways.
] Biol Chem 2003;278(21):18938-4.4.

https://doi.org/10.1074/jbc. M209673200.

Yamaoka K, Ohno S, Kawasaki H, Suzuki K. Overexpression of a
B-galactoside-binding protein causes transformation of BALB3T3
fibroblast cells. Biochem Biophys Res Commun 1991;179(1):272-9.
https://doi.org/10.1016/0006-291X(91)91365-].

Dincer Y, Erzin Y, Himmetoglu S, Gunes KN, Bal K, Akcay T.
Oxidative DNA damage and antioxidant activity in patients with
inflammatory bowel disease. Dig Dis Sci 2007;52(7):1636-41.
https://doi.org/10.1007/510620-006-9386-8.

Naito Y, Takagi T, Yoshikawa T. Neutrophil-dependent oxidative
stress in ulcerative colitis. ] Clin Biochem Nutr 2007;41(1):18-26.
https://doi.org/10.3164/jcbn.2007003.

Araki Y, Andoh A, Fujiyama Y. The free radical scavenger edara-
vone suppresses experimental dextran sulphate sodium induced
colitis in rats. Int ] Mol Med 2003;12(1):125-9.
https://doi.org/10.3892/ijjmm.12.1.125.

Ito K, Scott SA, Cutler S, Dong LF, Neuzil ], Blanchard H, et al.
Thiodigalactoside inhibits murine cancers by concurrently block-
ing effects of galectin-1 on immune dysregulation, angiogenesis and

[46

[47]

[48

[49

[50]

protection against oxidative stress. Angiogenesis 2011;14(3):293-307.
https://doi.org/10.1007/510456-011-9213-5.

Rogler G, Andus T. Cytokines in inflammatory bowel disease.
World ] Surg 1998;22(4):382-9.
https://doi.org/10.1007/5002689900401.

Obermeier F, Kojouharoff G, Hans W, Scholmerich J, Gross V,
Falk W. Interferon gamma (IFN-gamma)- and tumour necrosis
factor (TNF)-induced nitric oxide as toxic effector molecule in
chronic dextran sulphate sodium (DSS)-induced colitis in mice.
Clin Exp Immunol 1999;116(2):238-45.
https://doi.org/10.1046/j.1365-2249.1999.00878.X.

Wirtz S, Neurath MF. Mouse models of inflammatory bowel dis-
ease. Adv Drug Deliv Rev 2007;59(11):1073-83.
https://doi.org/10.1016/j.addr2007.07.003.

Alex P, Zachos NC, Nguyen T, Gonzales L, Chen TE, Conklin LS,
et al. Distinct cytokine patterns identified from multiplex profiles
of murine DSS and TNBS-induced colitis. Inflamm Bowel Dis
2009;15(3):341-52.

https://doi.org/10.1002/ibd.20753.

Santucci L, Fiorucci S, Rubinstein N, Mencarelli A, Palazzetti B,
Federici B, et al. Galectin-1 suppresses experimental colitis in mice.
Gastroenterology 2003;124/(5):1381-94.
https://doi.org/10.1016/S0016-5085(03)00267-1.

Related articles published in BJBMS

1. Nitric oxide as a potential biomarker in inflammatory bowel disease

Nesina Avdagic et al., BJBMS, 2013
2. Fractalkine receptor polymorphism may not be associated with the development and clinical course of ulcerative colitis
Hale Gokcan et al., BIBMS, 2015
3. The potential of metabolic and lipid profiling in inflammatory bowel diseases: A pilot study
Cristian Tefas et al., BIBMS, 2020

Bosn ] Basic Med Sci. 2020;20(3):319-328

328

www.bjbms.org


https://www.bjbms.org/ojs/index.php/bjbms/article/view/2402
https://www.bjbms.org/ojs/index.php/bjbms/article/view/387
https://www.bjbms.org/ojs/index.php/bjbms/article/view/4235

