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Effect of Visfatin on the Structure and Immune Levels
in the Small Intestine of LPS-Induced Rats
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SUMMARY: This study investigated the effects of visfatin on the structure and the immunity levels in the small intestine of
LPS-induced rats. Forty Wistar male and female SPF rats were randomly and equally divided into four groups: the salipe (control
vistfatin, lipopolysaccharide (LPS), and visfatin+LPS co-stimulated. The functions of visfatin in the intestinal mucosalimereni
investigated by examining the variation of tissue structure, inflammation and immunity-related proteins in the intestineabgioally
stressed rats using HE staining, ELISA, immunohistochemistry and Western Blot. The results showed that, when compared with the
control group, the visfatin-treated group showed a decrease in the intestinal villus height and width, and a signifisaniniticeca
levels of IL-6 and TNFe as well as Immunoglobulin A (IgA) positive cells. Additionally, when compared with the LPS-treated group,
the visfatin+LPS co-stimulated group showed a decrease in the villus height and width as well as the levels of |L-60aaddr aif-
increase in IgA levels, implying a shrinking response to LPS injection. All the results suggest that, under normal pHysioldiimas,
visfatin disturbs the body’s homeostasis and causes intestinal villus atrophy by increasing IgA expression. While undexsponsee
conditions, LPS acts as an exogenous antigen to promote visfatin against LPS-induced inflammation by decreasing theo&xpression
IgA. Under immune stress conditions, visfatin as an exogenous stimulus promotes the immune response by regulatingekelprotein |
of IL-6, TNF-0 and IgA.
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INTRODUCTION

Intestinal mucosal immune system has an importagh11; Goujoret al, 1996; Moschegt al, 2010). As visfatin
role in maintaining the homeostasis of the body by ensuri%ys an important role in diabetes, immune response and
its immune response to pathogens and enabling the bodydfammation, its mechanism has been attaining more
keep a dynamic balance between the internal and eXterﬁﬁbortance (Ekeet al, 2010; Moscheret al,, 2007;
environments (Didierlaureet al, 2002; MacDonald, 2003; Ognjanovic & Bryant-Greenwood, 2002; Stephens & Vidal-
Shaykhiev & Bals, 2007). A better understanding of_thpuig, 2006). It also performs many functions, including
mechanism of intestinal mucosal immune response is ghhanced cell proliferation and biosynthesis of nicotinamide
important significance for the prevention of intestinalygnonucleotides and dinucleotides (Skoceeal, 2014).
diseases. Currently, the mechanism underlying intestinf gate, the study of visfatin is still in its infancy and the

mucosal immune system has attracted more and Mgfachanism of visfatin, as a peptide, in the intestinal mucosa
attention among researchers, but the mechanism by whigRset not completely understood.

the intestinal mucosal immunity is regulated by different

cyt_okines is s_tiII poorly unde_rstood. Visfatin, a kind of In the present study, we investigated the regulation
adipose cytokine, was found in 2005. It can promote thg yisfatin on the structure and the immune levels in the

synthesis and accumulation of fat tissues, and regulate ligigha|| intestine of LPS-induced rats by exploring its
and glucose metabolism (Brentagioal, 2007; Gaet al, mechanism in the mucosal immune system.
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MATERIAL AND METHOD sample, and incubated at 3Z for 2 hours, followed by
adding washing buffer to every well, keeping it still for 30
s, and then draining each well, which was repeated 6 ti-
Reagent Rat visfatin was purchased from Adipo Biosciencanes, and finally each well was dried by pat. Next, 1100
LPS (O111: B4) was obtained from Sigma (St Louis, MOyf HRP-Conjugate reagent was added to each well, except
USA). The cytokines including IL-6, and TN&were for the blank well, and incubated at 37 for 45 min. After
quantified using rat double-antibody sandwich indireaivashing each well 6 times, 1@Q of TMB was added
ELISA kits (Multisciences, China). The antibodies foiinto each well, followed by 20 min incubation at°®7in
GAPDH, and IgA were obtained from Beijing Biosynthesishe dark, and then the addition of 3@l0of stop solution
Biotechnology (Beijing, China). to each well to stop the reaction. Within 15 min, the
absorbance/optical density (OD) at 450 nm was measured
Animals. Eight-week-old SPF Wistar Rats, 20 g, were with a microtiter plate reader and the OD readings were
purchased from Hubei Provincial Center for Disease Counsed to draw the standard curves.
trol and Prevention. Forty rats (20 male and 20 female)
were randomly divided with equal sex ratio into 4 groupsmmunohistochemistry. Tissues were fixed in 10% neu-
the saline (control), vistfatin, lipopolysaccharide (LPS)yral buffered formalin, embedded in paraffin, and cut into
and visfatin+LPS co-stimulated groups. All rats werd-um-thick ®ctions. The sections were then postfixed with
individually housedn cages, with temperature-controlledBSA confining liquid, and incubated for 20 min under
(23-25°C) and maintained on a 12 h light/dark cycle. Wateambient temperature. Then, each well was supplemented
and food were provided ad libitum. The control groupvith rabbit anti-rat IgA (Bioss, Beijing, China), and incubated
received one daily injection of isotonic saline (0.5 ml, i.v.jor 12 h at £C. Next, every well was washed 3 times with
for 7 days. The visfatin group received one daily injectioRBS for 2 min, followed by the addition of goat anti-rabbit
of visfatin (50ug/kg bw i.v.) for 7 days. The LPS grouplgG (ZSGB), incubation at 37C for 20 min, and washing
received one daily injection of isotonic saline (0.5 ml, i.v.pach well 3 times with PBS for 2 min. After that, each well
for 7 days and one injection of LPS (2.5 mg/kg bw i.v.) @&vas supplemented with streptavidin-biotin-peroxidase
hours before sacrifice. The visfatin+LPS co-stimulated grougpmplex (SABC) reagent, incubated at &7 for 20 min,
received one daily injection of visfatin (3@/kg bw i.v.) and washed 4 times with PBS for 5 min. Finally, DAB
for 7 days, followed by a single-dose injection of LPS (2.6oloration was performed to evaluate all the
mg/kg bw i.v.) by caudal vein 6 hours before sacrifice. Siknmunohistochemically stained sections by high-power light
hours after the last treatment, all rats were anesthetized witicroscopic examination (BX51; Olympus, Tokyo, Japan).
i.v. injection of 1% pentobarbital (25 mg/kg bw). After the
duodenum, jejunum and ileum were removed from the ratd/estern Blot analysis For Western-Blot analysis, proteins
part of them was frozen in liquid nitrogen, and the rest wereere extracted with RIPA (Beyotime) and their
fixed in 4% buffered paraformaldehyde solution. All theconcentrations were measured by gel-electrophoretic
operations were performed according to requirements of theparation. Briefly, 8% SDS-PAGE was prepared according
standard protocol. to the molecular weight of the proteins, and a piece of PVDF
membrane (Millipore, IPVH00010) was cut according to the
HE Staining. Tissues were cut into 3-4 mm thick sectionssize of gel, followed by soaking the PVDF with 5% TBST,
then stained with HE staining, and all the histologicallgnd rocking gently for 2 h. Next, the first appropriately
stained slides were evaluated by high-power ligttiluted antibody was added into blocking buffer and
microscopic examination (BX51; Olympus, Tokyo, Japan)ncubated for 12 h at 4C. The development was stopped
Photos were taken at 5 central view angles and then thewashing membrane 6 times with TBST for 5 min. The
intestinal mucosal villus height and surface area (82 bands on the membrane were checked by an enhanced
r means the villous width, h means villous height) werehemiluminescence (ECL) detection system.
calculated by IMAGE-PRO-PLUS.
Statistical Analysis Statistical analysis was performed using
ELISA assay. The levels of IL-6 and TNB-in the the Statistical Package for the Social Sciences (SPSS, v.17.0;
intestinum tenue were detected by enzyme-linke8IPSS, Chicago, IL, USA) and Graphpad Prism 5 software
immunosorbent assay (ELISA). First, the kit was takefGraphpad, San Diego, CA, USA). ANOVA and post hoc
out of the refrigeration environment, coordinated for 3€ests support the statistical validity of these conclusions at a
min to room temperature, and then the working soluticstatistical significance level of p<0.05 and p<0.01 which
was prepared. Each well was supplemented with 50 mLarfe regarded as highly statistically significant (Armstrong
sample dilution, 5QL of standard and 5L of testing et al, 1997).
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RESULTS
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compared with the control (saline) group, the visfati
group had a decrease in the villus height and widi 8
indicating the villus tendency to atrophy. In theég
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According to data analysis, the visfatin grourﬁg- 1. The intestinal villus area of different experimental groups in duodenum,
showed a more significant decrease in the intestiigjunum and ileum. *= indicates significant difference versus control group
villus area than the control group, and the LPS grOLSB<O.05); **= indicate significant difference versus LPS group (p<0.05).
was more significantly decreased than the visfatin+LPS

co-stimulated group in terms of villus area (Figs. 1 and
2B, J (visfatin group) vs Fig. 2A, | (control group), Detection of immune-associated IgA-positive cells in small

p<0.01 in the duodenum and ileum; Fig. opintestine. The immune-associated protein IgA was detected by
(visfatin+LPS co-stimulated group) vs Fig. 2C (Lpsimmunohistochemistry, and the IgA-positive cells were brown in
group), p<0.05 in the duodenum). color. Compared with the control group, the visfatin group had a
markedy larger amount of IgA-positive cells in duodenum (Fig.
Visfatin impacts inflammatory cytokines in small  4A, B, C and D) and ileum (Fig. 4, J, K'and L) (p<0.05) and an
intestine of LPS-treated rats The concentrations of extremely significantly higher amount in jejunum (Fig. 4E, F, G and
inflammatory cytokines, IL-6 and TN&were detected H) (p<0.01). Furthermore, the level of IgA positive cells in the
by ELISA. Compared with the control group, the Visfatin+LPS co-stimulated group was higher than that in the visfatin
visfatin group was found to have a significantly higherdroup, but not significantly different from each other (Fig. 5).
IL-6 concentration in duodenum (Fig. 3A, p<0.05).
Additionally, the visfatin+LPS co-stimulated group Changes in expression of protein IgAin small intestinéVestern
showed a downward tendency in the level of IL-6 verblot analysis showed that the expression of protein IgA varied in
sus the LPS group, and the level of TRFwvas all the tested groups. The visfatin group showed the highest
significantly lower in the visfatin+LPS co-stimulated €xpression of protein IgA among the fourgroups and it was
group than in the LPS group (Fig. 3B, p<0.05). significantly higher than that of the control group. Additionally,

Table | The effect of Visfatin on intestinal villus and fossae (Unit: mm).
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Group Control Visfatin LPS Visfatin+LPS
Duodenum Villus height 491.93+38.48 432.74443.88A 427.06+35.48 380.75+18.658
Villus width 166.32+27.14 164.67434.14a 156.43425.85 148.86+27.088

Crypt depth 146.14£31.17 111.54+9.76" 107.18+£22.09 90.70+5.58b

Jejunum Villus height 338.27431.29 324.66+19.50 320.11+36.37 309.10+£32.78
Villus width 125.53421.32 120.58+22.85 116.79+24.22 109.58+22.84b

Crypt depth 108.04+6.67 103.734£36.26a 112.134£30.35 90.26+21.83
Tleum Villus height 285.78+11.74 273.52+11.66a 271.33+15.92 254.63+20.080
Villus width 122.09+13.60 113.07+18.91a 112.58+11.37 104.55+18.67

Crypt depth 122.72+8.57 103.51+25.49a 107.67+12.97 113.02432.39

Note: A= indicates highly significant difference versus control group (p<0.01); a= indicates significant difference verslus cont
group (p<0.05). B= indicates highly significant difference compared with LPS group (p<0.01); b= indicates significantalifferenc

versus LPS group (p<0.05).
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the visfatin+LPS co-stimulated group had higher expressid@hig. 6B) and ileum (Fig. 6C), but the change was not obvious
of IgA than that of the LPS group, especially in jejununm duodenum (Fig. 6A).
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Fig. 2. The changes in villus structure of different experimental groups (10x40). In Duodenum, (A) Control group, (Bp¥isfiatin
(C) LPS group, (D) Visfatin+LPS co-stimulated group; in Jejunum (E) Control group, (F) Visfatin group, (G) LPS group, (iH}YVR&
co-stimulated group; and in lleum (I) Control group, (J) Visfatin group, (K) LPS group, (L) Visfatin+LPS co-stimulated group.
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Fig. 3. The levels of IL-6 and TN&in different experimental groups in duodenum, jejunum and ileum. a): *= indicates
significant difference versus control group (p<0.05). b): *= indicates significant difference versus LPS group (p<0.05).
IL-6 was higher in visfatin group in duodenum (p<0.05). The level of #N¥&s significantly decreased in V+L co-
stimulated group versus LPS group (p<0.05).
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ion of IgA positive cells in different treatment groups (IHC, 10x40). The changes in expression oivig Agilssit

of Duodenum in (A) Control group, (B) Visfatin group, (C) LPS group, (D) Visfatin+LPS co-stimulated group; of Jejunum int(&l) Co
group, (F) Visfatin group, (G) LPS group, (H) Visfatin+LPS co-stimulated group; and of lleum in (I) Control group, (J) Yisfapin
(K) LPS group, (L) Visfatin+LPS co-stimulated group.
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Fig. 5. The optical densities of IgA positive cells
in different experimental groups in small intestine.
**= indicates extremely significant difference ver-
sus control group (p<0.01); * indicates significant
difference versus control group (p<0.05). The
amount of IgA-positive cells in visfatin group ver-
sus control group was markedly higher in the
duodenum and ileum (p<0.05), and extremely
significantly higher in jejunum (p<0.01).



ZHOU, Y.; CUI, L,; YUN, H.; XIO, K.; KAHN, F. A;; GUO, L.; YANG, Z. & SONG, H. Effect of visfatin on the structure and immune levels in the small intestine of LPS-induced rats.
Int. J. Morphol., 33(4)1502-1509, 2015.
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Fig. 6. The changes of IgA expression in intestinal mucosa by Western Blot analysis. The visfatin+LPS co-stimulated ggihgs had h
expression of IgA than LPS group. (A) Duodenum; (B) Jejunum and (C) lleum. The expression of protein IgA in visfatin gitoaip was
highest among the four groups, and the level of protein IgA distinctly increased versus control group.

DISCUSSION

The effect of visfatin on the structure of the intestine in produced by the macrophage and play an important role in
the LPS-treated rats Intestinal barrier function is mainly innate and adaptive immunity. Visfatin has been reported to
decided by the intestinal mucosal barrier. The structur@® associated with TN&:IL-6, IL-1B, and IL-1 receptor in
integrity of the intestinal mucosal epithelium has a clogeeripheral blood cell membranes (Didierlaurental,;
relationship with the body's immune function, speciallfPgnjanovic & Bryant-Greenwood; Moschen al, 2010;
villous height, width, thickness and area, which are thgotheetal, 1993). In the previous study, the findings suggest
important indicators of intestinal digestion and absorptiofat the level of glucose significantly increased after 30 min
function (Fukuharat al, 2005; Linet al, 2014; Samaét  in acute management by recombinant visfatin, but recovered
al., 1994). Under stress conditions, the body’s bowel is viio the normal level quickly 60 min later (Fukuhataal;
nerable to infection, leading to tissue variations, with théoscheretal, 2007; Trayhurn & Beattie, 2001). Alexander

most obvious changes in intestine, such as atrophic villbgs reported that the level of IL-6 conspicuously increased
and hyperplastic crypt. 15 h after treatment, but dropped to the normal level rapidly

at 20 h (Dinarello, 2004; R Moschenhal, 2010; Romacho

In the present study, compared with the control grougt al, 2013). These results indicated that the short half-life
the visfatin group had a significant tendency to atrophy @f visfatin might be influenced in the animal serum.
villus height and width (p<0.05). The results indicated that
visfatin stimulated the body as an exogenous substance and  In the present study, the levels of pro-inflammatory
accelerated the dissolution of the intestine villus, implyinffctors, IL-6 and TNF¢ were found to be elevated in the
that visfatin may accelerate cell apoptosis. Compared wivisfatin-treated group versus the control group, and were
the LPS group, the villus height and width were alsgbviously different in the duodenum. The negative
markedly decreased in the visfatin+LPS co-stimulated grog@rrelation between the TN#in the blood and visfatin
(p<0.01), suggesting that the damage to the intestinal villiRglicated that visfatin plays an anti-inflammatory role.
was perhaps caused by the synergy between visfatin an@;jitionally, the levels of TNF¢- and IL-6 were decreased
LPS, or visfatin could regulate the changes induced by LPI8. the visfatin+LPS co-stimulated group versus the LPS
However, due to the short time of visfatin-treatment, th@roup, and the decrease was statistically significant in
effect was not obvious, and the mechanism underlying thdggunum. The aforementioned results showed that visfatin

different responses remains to be elucidated in the furti@gulated inflammatory cytokines on lipopolysaccharide
study. stimulation, reduced the release of inflammatory cytokines

and strengthened the cellular immune function during
The impact of visfatin inflammatory cytokines on the immune stress. Furthermore, visfatin inhibited the expression
small intestine of LPS-treated rats Pro-inflammatory of TNF-0 and IL-6 in the intestine, indicating that visfatin
factors are involved in the immune response. IL-1R, IL-Blays an important role in inflammatory response in LPS-
and TNF@ are the pro-inflammatory mediators, which ardreated rats by regulating the expression of dad IL-6.
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The influence of visfatin on the expression of IgAin the zHou, Y.: CUI, L.: YUN, H.: XIO, K.: KAHN, F. A.: GUO,
intestine of the LPS-treated rats IgA is an antibody L.: YANG, Z. & SONG, H. Efecto de la visfatina sobre la estruc-
transporter expressed on the basolateral surface of epitheligd y los niveles de inmunidad en el intestino delgado de ratas
cells and provides mucosal immune protection due to irflucidas por lipopolisacariddst. J. Morphol., 33(4)1502-1509,
ability to interact with the polymeric Ig receptor (pIgR). IgA2015.
dimer expressed the highest levels in the intestinal secretions o o

RESUMEN: Este estudio investigd los efectos de la

(Brandtzaegt al, 1991; Gallorinet al, 2014). Inthe present . _ ) . i i

. - . visfatina sobre la estructura y los niveles de inmunidad en el intes-
study, the |.mmunoh|stochem|stry and yvestern bIoF analy§|ﬁ0 delgado de ratas inducidas por lipopolisacaridos (LPS). Cua-
results indicated that the level of IgA in the visfatin groupenta ratas Wistar se dividieron aleatoriamente e igualmente en
was markedly higher than that in the control group iBuatro grupos: solucién salina (control), vistafin, LPS y visfatina
duodenum, jejunum and ileum, suggesting that, under nertPS co-estimuladas. Las funciones de la visfatina en la inmuni-
mal circumstances, visfatin stimulated the body as alad de la mucosa intestinal se investigaron mediante el examen de
exogenous substance, further enhancing the secretion of IgyAriacion de la estructura del tejido, la inflamacion y las proteinas
IgA is not an inflammatory cytokine, but it plays an importanf€lacionadas con la inmunidad en el intestino de ratas estresadas
role in intestinal mucosal immunity system by mediatinrﬁmuno'_og'c"",m?me; usando tincion HE, ELISA,
humoral immunity. IgA is regulated by the nervous syste munohlstoq_qlmlcayWestern Blot. Los resultados mostrarc_)n que,

. . . eh,comparacién con el grupo control, el grupo tratado con visfatina
endocrine system and |mmun.e System, t_)Ut IgA IS releas&%semé una disminucién en la altura y ancho de las vellosidades
by plasma cells and has a vital role in intestinal mucoggestinales, y un aumento significativo en los niveles de IL-6 y
immunity (Brandtzaeg, 2010; Pinéb al, 2013). TNF-9, asi como inmunoglobulina A (IgA células positivas). Ade-

mas, al comparar este grupo con el grupo tratado con LPS- el gru-
In the present study, visfatin promoted the expressiguo visfatina + LPS co-estimulado mostrd una disminucion en la
of IgA in the visfatin+LPS co-stimulated group versus the LP8&turay ancho de las vellosidades, asi como en los niveles de IL-6
group, and the increase was significant in jejunum and ileush TNF-0, y un aumento en los niveles de IgA, lo que implica re-
but not in duodenum. We speculated that visfatin may have 4¢ion de una respuesta a la inyeccion LPS. Todos los resultados
antagonistic effect on LPS-treated rats by preventing furthgyd'eren aque, en condiciones fisiologicas normales, Ia visfatina
. . . . rturba la homeostasis del cuerpo y provoca la atrofia de las
inflammatory reactlon through promotlng th? EXPression Qlyssidades intestinales mediante el aumento de la expresion de
IgA. Taken together, it suggested that visfatin has enhancg@ wjentras que bajo condiciones de la respuesta inmune, LPS
the humoral immune response during immune stress. actia como un antigeno exégeno para promover visfatina contra la
inflamacién inducida por LPS por la disminucién de la expresion
de IgA. En condiciones de estrés inmunoldgico, la visfatina como

CONCLUSIONS estimulo exégeno promueve la respuesta inmune mediante la re-
gulacién de los niveles de proteina de IL-6, TINE1gA.

As an exogenous substance, visfatin is involved i PALABRAS CLAVE.: Visfatina, Mucosa intestinal;
atas LPS-inducidas; IgA; Factor de inflamacion.

inflammatory responses by modulating the expression of IgA
and inflammatory cytokines: up-regulating the inflammatory
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