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ABSTRACT
Hibernation is a survival adaptation characterized by extended fasting when food is less or unavailable. Prolonged
fast may affects various proteins expression including galectins binding B-galactosyl. There is no data on the
expression of Galectin-1 and -3 (Gal-1 and -3) during hibernation. This study aimed to examine the expression of
Gal-1 and -3 in hibernating Anatolian ground squitrel (Spermophilus xanthoprymnus) gastrointestinal tract. Intense
Gal-1 immunostaining was observed in some cells of both gastric lamina propria and villous connective tissue of
the small intestine. In colon and cecum, intense Gal-1 immunoreaction was observed in some connective tissue
cells around the crypt epithelium, as well as in the smooth muscles of vessel walls, lamina muscularis and tunica
muscularis of all the regions. Gastric foveolar epithelium showed moderate nuclear and intracytoplasmic Gal-3
immunostaining. Moreover, Gal-3 immunostaining was detected in villous epithelial cells of the duodenum and
ileum. Intense Gal-3 labeling also was present in all the cryptal surface epithelial cells of the colon and cecum. In
conclusion, both Gal-land Gal-3 expression in gastrointestinal tract during hibernation was similar to that of
non-hibernating species. In the gastrointestinal tract, Gal-1 did not display different expression pattern, whereas
Gal-3 expression was more intense in large intestine epithelium.
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Hibernasyondaki Anadolu Yer Sincabi1 (Spermophilus xanthoprymnus) Gastrointestinal Kanalinda
Galektin-1 ve Galektin-3"iin Ekspresyon Paternleri

oz

Hibernasyon, besinin az oldugu veya hi¢ olmadigi uzun streli aclik ile karakterize olan durumlarda hayatta kalma
adaptasyonudur. Uzun siireli aclik [-galaktozil baglayan galektinler de dahil olmak tzere bir ¢ok proteinin
ekspresyonunu etkileyebilir. Galektinler, 3-galaktozil baglayan proteinlerdir. Hibernasyonda Galektin-1 ve -3 (Gal-
1 ve-3)’tin ekspresyonuna iliskin herhangi bir veri bulunmamaktadir. Bu ¢alismada hibernasyondaki Anadolu yer
sincab1  (Spermophilus  xanthoprymmnus) gastrointestinal kanalinda Gal-1 ve 3’tin ckspresyonunun incelenmesi
amaclanmistir. Hem gastrik lamina propria hem de ince bagirsagin villéz bag dokusundaki bazt hiicrelerde yogun
Gal-1 immiin boyanmast gézlendi. Gastrointestinal kanalin bitin bélimlerindeki damar duvatlari, lamina
muskularis ve tunika muskularisindeki diiz kaslarda yogun Gal-1 ekspresyonu gbzlendi. Ayrica kolon ve sekumda
kript epiteli etrafindaki bazt bag dokusu hiicrelerinde de yogun Gal-1 immunoreaksiyonu belirlendi. Gastrik
foveoler epitel hiicreleri orta derecede niikleer ve intrasitoplazmik Gal-3 immun reaksiyon gésterdi. Duodenum ve
ileumun villoz epitel hiicrelerinde Gal-3 immtin boyamasi tespit edildi. Ayrica, kolon ve sekumdaki kriptlerin
ylzey epitel hiicrelerinde yogun Gal-3 boyanmast goriildii. Sonug olarak hibernasyon siirecinde gastrointestinal
kanaldaki hem Gal-1 hem de Gal-3 ekspresyonu hibernasyona yatmayan tiirlerle benzerdi. Gastrointestinal kanal
bélimlerinde Gal-1 ekspresyonu agisindan farklilik gbzlenmezken, Gal-3 ekspresyonu diger gastrointestinal
bélimlere nazaran kalin bagisak epitelinde daha yogundu.
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INTRODUCTION

Galectins, also known as soluble-type lectins, are a
family of proteins and bind B-galactosyl-containing
glycoconjugates with a high affinity. Fifteen galectins
have been discovered in mammals until now and all
of them possess a common carbohydrate recognition
domain (CRD) (Nio-Kobayash 2017). From the point
of view of protein structure, some galectins (Galectin
1 and 2 termed as a prototype) include only one CRD
and are found as dimers while other galectins
(Galectin 4, 8, and 9) harbor two non-identical CRDs
linked with a short linking region (tandem repeat
type). Galectin-3 (the chimera type) is distinctive as it
is found as a monomer and consists of only one C-
terminal CRD  co-existed with an N-terminal
regulatory domain (Houzelstein et al. 2004). Most of
galectins are produced by various cell types and are
found in both intracellular and extracellular locations.
Intracellular galectins might affect various biological
processes and cellular signaling through protein-
protein interactions in a way that is independent of
their glycan-binding activity (Liu et al. 2002) while
extracellular galectins control the activity of cytokines
by having an effect on their levels of expression and
secretion and by impeding the diffusion of cytokines
through the extracellular matrix (Gordon-Alonso et
al. 2018). Though binding ecither bivalently or
multivalently to glycoconjugates on cell surfaces and
cross-linking with them, galectins could regulate
cellular processes such as cytokine secretion,
apoptosis, migration and adhesion (Rubinstein et al.
2004). In this respect, galectins have been involved in
various cellular functions, including differentiation,
activation, regulation and survival of T cells and,
therefore, may have key roles in the regulation of
chronic inflammatory disorders like inflammatory
bowel diseases (IBD) and other autoimmune diseases
(Miiller et al. 2000). The digestive system of mammals
contains a lot of galectins (Nio et al. 2005). Gal-1 and
-3 are the most examined members of the galectin
family. Surprisingly, Gal-1 is widely expressed in
different portions of the mouse and human
gastrointestinal system and is involved in some
intestinal disorders such as IBD and colorectal cancer
(Santucci et al. 2003, Mizoguchi and Mizoguchi 2007,
Hokama et al. 2008, Ose et al. 2012). On the other
hand, Gal-3 is highly produced by subepithelial
macrophages and enterocytes in the gastrointestinal
tract (Lotz et al. 1993, Brazowski et al. 2009). Gal-3
is predominately found in giant inclusions at the
apical membrane of confluent enterocytes. Gal-3 has
been reported to be secreted from a variety of cell
types through a nonclassical secretory pathway
(Cooper and Barondes 1990, Huflejt et al. 1997,
Puthenedam et al. 2011).

Hibernators, including the Anatolian ground squitrels
examined here, provide the unique opportunity to
investigate what is naturally organ preservation.

Torpor bouts, which are characterized by minimal
body temperature and suppressed metabolism (2—4%
of euthermic levels), greatly resemble cold periods (2—
4°C) used for organ preservation (Green 2000).
Although  hibernating  animals  become  well
acclimatized to harsh winter conditions and tend to
rely heavily on these radical changes for survival each
year, hibernation could be considered to be stressful
to the gastrointestinal tract from various aspects
including prolonged hypothermia, extended fasting,
redistribution of blood flow and rapid changes in
metabolism (Carey et al. 2001). The gastrointestinal
immune system exhibits some alterations during
hibernation. Indeed, long torpor phase makes gut
epithelium leakier, which in turn leads to the passage
of many molecules and bacteria in an uncontrolled
manner (Kurtz and Carey 2007). The increased
permeability may give rise to a hyperactivation of the
immune system in hibernating mammals. Although
gastrointestinal tract stunningly harbors a higher
number of immune cells during hibernation, the
mucosal structure seems to escape unscathed from
the torpor bouts and there exist no observable signs
of pathology (Kurtz and Carey 2007, Sisa et al. 2017).
Many studies exist on Gal-1 and -3 expression in
gastrointestinal tract of non-hibernating animals (Nio-
Kobayash 2017). However, there is a lack of
knowledge in their expression in gastrointestinal tract
during hibernation. Knowledge of how hibernation
influences Gal-1 and 3 expression in the
gastrointestinal tract being exposed to various
stressful  factors might shed new light on
gastrointestinal physiology and contribute to success
rates of intestinal surgery, including transplantation.
For this purpose, we aimed to investigate Gal-1 and -
3 expression in hibernating Anatolian ground squirrel
(Spermophilus xanthoprymnus) gastrointestinal tract.

MATERIAL and METHODS

Experimental Design and Ethical Declaration

Animal experiments were conducted in accordance
with the guidelines on Animal Care and Use after
approval (#15/140) by Local Ethics Committee for
Animal  Experiments of Erciyes  University
(HADYEK). Six male Anatolian ground squirrels
(Spermophilus ~ xanthoprymnus) were included in the
study. Animals’ weights were within the range of 300
to 380g. Squirrels were wild captured from steppes
with the help of Tomahawk Traps (Model #202) in
Develi (Kayseri, Turkey) in August 2016. Thus, their
absolute ages are unknown. Squirrels were then
transported to the laboratory where they were put in
quarantine for about one week in cages with a steady
laboratory temperature of 21°C under 12:12 h light-
dark cycle conditions until ensuring they had very
healthy. Squirrels that would enter hibernation were
fed on fresh fruit, sunflower seeds, standard rodent
mix and water ad /ibitum untl they saved enough
quantities of fat before hibernation. Initially, the
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ambient temperature was adjusted to 21 + 1°C and
the artificial photoperiodic conditions (light-dark
cycle, 200-0 lux) was adjusted to imitate the external
photoperiod. Environment temperature was fallen to
6°C from September 2016 to December 2016. The
food substances were taken away from the cages.
Lights were turned out to make the transition into
torpor easier. When going into the laboratory, a red
safe light (3-5 lux) was shut on in order not to
frichten torpid squitrels. Three months later, squirrels
were anesthetized with intraperitoneal ketamine (88.9
mg/ml) and xylazine (11.1 mg/ml) and euthanized
with cardiac puncture (Olson and McCabe 19806).
After that, stomach and intestine parts were quickly
removed from each animal and dissected. The
stomach and intestine samples were fixed in 10%
formol-alcohol solution. After histological fixation,
the samples were dehydrated in ascending series of
ethanol. The tissue samples were then passed through
a series of methyl benzoate and benzol. After
clearing, the samples were embedded in paraplast for
permanent tissue blocks.

Immunohistochemical Analysis

Sections (5 um in thickness) were obtained from
stomach and intestine blocks by employing a rotary
microtome (Leica RM2125RT) and collected on poly-
l-ysine coated slides. The Labeled Streptavidin—
Biotin (LSAB) staining method was performed for
immunohistochemical analysis as previously described
(Ozbek et al. 2018). Slides were deparaffinized with
xylene and rehydrated by passing through alcohol
series  (from 100%, 96%, 80% to 70%). Upon
washing with phosphate-buffered saline (PBS),
antigen retrieval was performed by heating sections in
a citrate buffer (0.01 M, pH 6.0) within a microwave
oven at full power for 20 min to unmask antigenic
epitopes. Then, slides were cooled down at room
temperature for 20 min, following washing in PBS
containing 0,2% Triton X-100 to enhance the
membrane  permeability.  Then,  endogenous
peroxidase activity was inhibited by incubating in 3%
hydrogen peroxide (H20») in distilled water in a dark
humidity chamber. Sections were then rinsed for 15
min in PBS and encircled by a liquid blocker. Non-
specific binding was blocked using Ultra V Block.
After removed more solution from the sections,
slides were treated with anti-Galectin-1 and-3 primary
antibodies listed in Table 1 overnight at 4°C. The
next day, procedures were resumed. 3-amino-9-
ethylcarbazole (AEC, #T'A-125-HA) was added onto
slides to demonstrate the resultant signal. The slides
were counterstained with Gill’s hematoxylin and
mounted in a water-based mounting medium (# TA-
060-UG). All dilutions were determined according to
manufacturer’s instructions. The
immunohistochemical  staining  specificity ~ was
confirmed through negative and positive controls.
Both normal rabbit IgG (non-immune sera, #sc-
2027) and PBS were replaced with the primary

antibodies for negative controls. Squirrel testes and
epididymis were employed for positive control.
Immunohistochemical procedure was repeated three
times for each sample to confirm staining reliability.

Semi-quantitative assessment of immunostaining
Immunoreactive sections were assessed using BX51
microscope (Olympus). Photographs were then taken
with the help of a digital camera (DP74). We used
three sections cut at 50 um interval for each animal.
Four randomly selected areas were examined per
section. Immunostaining was evaluated
semiquantitatively using an intensity score (IS). The
IS of the immunostaining reactivities in the cells was
determined independently by the authors. The
staining intensity of Gal-1 and Gal-3 in the
gastrointestinal tract was examined microscopically at
40, 100, 200 and 400 magnification. Results of IS
were presented as 0 (no staining), + (weak staining),
++ (moderate staining) and +++ (intense staining) as
previously described (Oztop et al. 2019). Semi-
quantitative scoring is summarized in Table 2.

RESULTS

Galectin-1 Staining

We examined all three parts of the stomach, including
cardia, fundus and pylorus. In the all three parts,
some cells in the lamina propria show intense
immunoreaction. We also observed intense labelling
in smooth muscle cells of vessel walls, lamina
muscularis, and tunica muscularis. In the small
intestine, intense immunostaining was detected in
some cells of the villous connective tissue while few
cells were positive for Gal-1 in submucosa. In the
colon and cecum, intense immunoreaction was also
observed in some connective tissue cells around
crypts epithelium. As in stomach, we detected an
intense immunostaining in smooth muscles of vessel
walls, lamina muscularis and tunica muscularis (Fig. 1
and 2).

Galectin-3 Staining

Gastric foveolar epithelium showed moderate nuclear
and intracytoplasmic immunostaining in all three
parts of the stomach, including cardia, fundus and
pylorus. In the duodenum and ileum, we observed
immunostaining in villous epithelial cells but not in
crypt epithelium. Interestingly, some cells in the
intestinal villi were not positive for Gal-3. In the
colon and cecum, we detected an intense labelling in
all surface cells of crypt epithelium but not in cells at
bottom of crypts (Fig. 3 and 4).
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Figure 1. Representative images showing positive control (a), negative control (b) and Gal-1
expression in hibernating Anatolian ground squitrel (Spermophilus xanthoprymnus) stomach (c, d) and
duodenum (e, f). Peritubular myoid cells (green arrowheads) and vessel walls (red arrowheads) showed
positive immunostaining in control testis. In stomach and duodenum, intense immunostaining was
observed in smooth muscles of vessel walls (red arrows), lamina muscularis (blue arrows), and tunica
muscularis (black asterisk). Some cells of lamina propria (black arrows) also were intensely positive for
Gal-1. Bars: 50 um (b, €) and 20 um (a, c, d, ).

B L

R 3
Gal-1 expression in hibernating

esentative images

Anatolian ground squirrel
(Spermophilus xanthoprymnus) leum (a, b), colon (c, d) and cecum (e, f). Intense immunostaining was
obsetved in smooth muscles of vessel walls (red atrows), lamina musculatis (blue atrows), and tunica
muscularis (black asterisk). Intense immunostaining in some cells (black arrows) of lamina propria. Bars:
50 um (a, ¢, €) and 20 um (b, d, f).

Figure 2. .i{epr ‘-sh'owing
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Flgure 3. Representatlve 1mages showing positive control (a), negative control (b) and Gal-3 expresmon.

in hibernating Anatolian ground squitrel (Spermophilus xanthoprymnus) stomach (c, d) and duodenum (e, f).
Epididymal epithelium (blue arrowheads) showed positive immunoreaction in control epididymis. In
stomach, moderate nuclear and intracytoplasmic staining were observed in foveolar epithelium (black
arrowheads). Some cells of villous epithelium (black arrowheads) were positive for Gal-3in duodenum.

Bars: 50 um (b, ¢, €) and 20 pm (a, d, f).

Flgure 4. Representatlve 1mages showing Gal 3 expression in hibernating Anatohan ground squirrel
(Spermophilus xanthoprymnus) lleum (a, b), colon (c, d) and cecum (e, f). Some cells of villous epithelium
(black arrowheads) showed moderate positive immunostaining in ileum. In colon and cecum, intense
immunostaining was observed in surface cells (black arrowheads) of crypt epithelium. Bars: 50 um (a, ¢, €)

and 20 um (b, d, f).
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Table 1. Primary antibodies used for immunohistochemistry (IHC).

Antibody Clonality Immunogen

Host Dilution Catalogue Reactivity
no*

Gal-1 Polyclonal ~ Recombinant human galectin 1
consisting of 110 amino acids
Gal-3 Monoclonal  Full length recombinant human
Clone galectin 3
A3A12

Rabbit 1/250 NBP1- Human,
89791 mouse, rat
Mouse 1/300 NB300- Human,
538 mouse, rat,
rabbit

*All antibodies listed were provided from Novus Biologicals.

Table 2. Semiquantative evaluation of Galecin-1 and -3 staining in hibernating Anatolian ground

squirrel (Spermophilus xanthoprymnns) gastrointestinal tract.

Tissue Region Galectin-1 Galectin-3
Foveolar epithelium - ++/ n,ic
Some cells in lamina propria +++/ ic -
Stomach . . .
Smooth muscles of lamina muscularis +++/ ic -
Smooth muscles of tunica muscularis +++/ ic -
Vessel walls +++/ ic -
Villous epithelium - ++/ n, ic
Some cells in lamina proptia +++/ ic -
Duodenum . . .
Smooth muscles of lamina muscularis +++/ ic -
Smooth muscles of tunica muscularis +++/ ic -
Vessel walls +++/ ic -
Villous epithelium - ++/ n,ic
Some cells in lamina propria +++/ ic -
lleum Smooth muscles of lamina muscularis +++/ ic -
Smooth muscles of tunica musculatis +++/ ic -
Vessel walls +++/ ic -
Villous epithelium - +++/ 1, ic
Some cells in lamina propria +++/ ic -
Colon Smooth muscles of lamina muscularis +++/ ic -
Smooth muscles tunica muscularis +++/ ic -
Vessel walls +++/ ic -
Villous epithelium - +++/ n,ic
Some cells in lamina propria +++/ ic -
Cecum Smooth muscles of lamina musculatis +++/ ic -
Smooth muscles of tunica muscularis +++/ ic -
Vessel walls +++/ ic -

The degree of immunostaining was determined as either negative (-), weak (+), moderate (++) or intense (+++) by
two independent observers (MO, MO), as previously described (Oztop et al., 2019). n: nuclear staining, ic:

intracytoplasmic staining.
DISCUSSION

Here, we report an immunohistochemical analysis of
Gal-1 and -3 expression in hibernating Anatolian
ground  squirrel  (Spermophilus  xanthoprymmnus)
gastrointestinal tract. The present study cleatly
showed that Gal-1 and -3 were expressed in all
gastrointestinal tract during hibernation.

It has been showed that Gal-1 expression was at low
levels in many tissues, but abundant particularly in
cardiac, skeletal and smooth muscle cells (Catt et al.
1987, Wasano et al. 1990, Barondes et al. 1994). In

addition, Gal-1 is constitutively expressed in vascular
smooth muscle cells (VSMCs) and has been regarded
as a constituent of the vascular extracellular matrix
(Barondes 1984, Moiseeva et al. 1999). Previous
studies have indicated that recombinant Gal-1 protein
improved VSMC proliferation and regulated the
spreading, migration and attachment of VSMCs
(Moiseeva et al. 1999, Moiseeva et al. 2000). Gal-1
also  regulates vascular constriction  through
controlling the surface expression of Cavl.2 channel
in VSMCS (Wang et al. 2011). Furthermore, Gal-1
deficiency affects remodeling and vasocontractile
response in hypoxia-induced pulmonary hypertension
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in animals (Case et al. 2007). In the present study, we
observed Gal-1 expression in smooth muscle cells of
lamina muscularis, tunica muscularis and vessel walls
in the gastrointestinal tract as in non-hibernating
animals. Considering previous studies, we suggest that
Gal-1 plays a key role in the maintenance of vascular
homeostasis in hibernation as in non-hibernating
period. However, we could not spot any difference in
Gal-1 expression in smooth muscle cells in all the
examined regions using the immunohistochemical
analysis. Quantitative analysis should be used to
determine the effect of hibernation on Gal-1
expression in  smooth muscle cells in the
gastrointestinal tract.

Gal-1 also has a role in immune responses of
gastrointestinal tract to microbial infection, especially
regarding macrophage and T cell responses as well,
but can be made up for to maintain normal
colonization and infection resolution. Gal-1 binds to
N-glycans of proteins CD7, CD43 and CD45 on the
surface of activated T cells. This results in segregation
of these proteins into membrane microdomains and
triggering of apoptosis (Barondes et al. 1994, Camby
et al. 2000). The deficiency in Gal-1 led to a decrease
in the T cell influx into the lamina propria as
infection had occutred. Furthermore, mice deficient
in Gal-1 had a limited number of macrophages in the
lamina propria before developing infection and failed
to evoke a macrophage response to infection at the
time point being considered at least (Curciarello et al.
2014). Kaltner et al. (2002) detected Gal-1 expression
in fibroblast in lamina propria of bovine duodenum
and colon but not in epithelial cells. However, some
researcher observed Gal-1 expression in colonic
epithelial cells (Santucci et al. 2003). In our study,
Gal-1 expression was found in some cells of lamina
propria as in non-hibernating animals. These cells
may be fibroblast, based on previous study (Kaltner
et al. 2002). Gal-1 positive cells in lamina propria may
be involved in mucosal immune system homeostasis
during hibernation as in non-hibernating animals. We
think that the differences among studies (Santucci et
al. 2003) may be due to methodological error or use
of poor-quality primary antibody.

Gal-3 suppresses apoptosis in vitro via a cell death
inhibition pathway involving Bcl-2 (Yang et al. 1996).
Reports on mice indicated that mouse duodenal and
colonic  epithelium exhibited a nuclear and
intracytoplasmic Gal-3 expression (Brassart et al.
1992). Furthermore, other researchers reported Gal-3
expression in stomach, ileum and colon epithelium
(Demetter et al. 2008) and in bovine duodenum and
colon epithelium (Kaltner et al. 2002). Gal-3 has also
been detected in various types of tumor cells both in
vivo (Woo et al. 2001, Takenaka et al. 2003) and in
vitto (Cebo et al. 2002). In addition, Gal-3 mRNA
was detected by an intensified expression on the
luminal side of the intestinal and gastric mucosa in

mice (Sanjuan et al. 1997). Moreover, another
researcher reported that Gal-3 mainly localized at the
myosin-rich terminal web of fully matured epithelial
cells at the villus intestinalis tips. In addition, the
apical localization of Gal-3 also was detected in T84
cells and polatizing epithelial cell lines (Lindstedt et
al. 1993, Huflejt et al. 1997). Delacour et al. (20006)
showed that intracellular sorting and correct targeting
of glycoproteins to the apical plasma membrane were
dependent on Gal-3. This has been supported with
the finding that, in Gal-3 knockout mice, villin and
actin abundant in the brush border become
abnormally spread over baso-lateral membranes
(Delacour et al. 2008). Moreover, interaction of Gal-3
with cytokeratins (Goletz et al. 1997), actin (Joubert
et al. 1992), and possibly tubulin (Ozaki et al. 2004)
has been described. Consistent with non-hibernating
animals, we detected a nuclear and intracytoplasmic
Gal-3 expression in epithelial cells at top of foveola
gastrica, intestinal villi and the top of large intestine
crypt. Gastric and small intestinal epithelium showed
moderate immunoreaction while large intestinal
epithelium demonstrated intense immunostaining,
This may be due to actin, myosin or intermediate
filament contents of epithelial cells, as described in
previous study. Interestingly, some cells in the
intestinal villi were not positive for Gal-3. These cells
may undergo apoptosis during hibernation. In
addition, we also suggest that Gal-3 may act to
prevent luminal epithelial cells of the gastrointestinal
mucosa from cell death.

In conclusion, this is the first study that describes
Gal-1 and -3 expression in the gastrointestinal tract of
hibernating Anatolian ground squitrel (Spermophilus
xanthoprymnus). While Gal-1 expression was detected
in smooth muscle cells and some cells of lamina
propria, Gal-3 expression was determined in luminal
cells of gastrointestinal mucosa. Both Gal-land Gal-3
expression in gastrointestinal tract was similar to that
of other species using immunohistochemical analysis.
Gal-1 expression was not different in the
gastrointestinal tract, whereas Gal-3 expression was
more intense in the large intestine epithelium. Further
studies are required to investigate possible roles of
galectins during hibernation.
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