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The Effect of Visfatin on Inflammatory
Reaction in Uterus of LPS-Induced Rats
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SUMMARY: The present study was to investigate the effects of visfatin on the morphological structure and function of the rat
uterus during inflammation. The expression and distribution of visfatin, morphological structure, eosinophils (EOS), migleperox
(MPO) and cytokines in the uterus of the LPS-induced rat were studied using hematoxylin-eosin staining (HE), immunohistochemica
methods, western blots and enzyme-linked immunosorbent assay (ELISA). The present study showed that visfatin posifieeseglls dis
widely in the uterus, and strong positive staining was observed mainly in the cell cytoplasm. Compared with saline ggfaijm in vi
group, more uterine glands were found, EOS increased, and the difference was significant (P<0.05), MPO reduced, anacthe differe
was significant (P<0.01). In addition, visfatin was able to increase the secretiofilff IL-6, and TNFa (P<0.01). Compared with
LPS group, in vifatin+LPS group, the uterine glands of the lamina propria increased, the myometrium became thinner, tbé number
EOS and MPO reduced obviously, but the difference was not significant (P>0.05), and after LPS stimulated body, visfagithéecreas
level of IL-1B, IL-6, TNF~a (P<0.01). The above results suggest that visfatin could affect the morphological structure of rat uterus;
Visfatin could modulate the inflammatory response in rats’ uterus by regulating the quantity of inflammatory cells, suclras EOS
MPO, and the level of inflammatory cytokines, such a<lf, IL-6, TNFa.
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INTRODUCTION

The uterus is an important reproductive organ divary syndrome (Chaat al, 2007; Lewandowsket al,
humans and animals and it has its own set of immug@07; Malamitsi-Puchneet al, 2007). Previous studies
mechanism to defend against pathogen infection. UtergiBowed that visfatin participated in inflammatory responses
infection not only reduces the reproductive performance 8nd played a role in intestinal mucosal immunity induced
animals, but also increases the animal's healthcare cdaYd-PS in rats (Datt al, 2012). Extracellular visfatin has
(Turneret al,, 2012). Uterine inflammation is an importanto€en shown to increase inflammatory cytokines, such-as IL
disease of the reproductive system, which can deld, IL-6 and TNFa. However, the expression and
pregnancy and lead to inferti"ty, so more research is need&@tribution of visfatin in rat uterus and its role in the uterine
on the immune system and factors involved in uterin@flammation induced by LPS have not been reported. The
inflammation to prevent and treat uterine diseases (Mor @€sent study was conducted to illustrate the role of the
Cardenas, 2010) Lipopo|ysaccharides (LPS) can Stimu|af§fatin in the rat uterine inflammation and explain the
inflammatory mediators of cells, which is a key factor iffelationship between visfatin and uterus.
inducing inflammation. In the uterus, LPS can cause an
extensive and strong inflammatory response and endometrial
injury, and induce cytokine release in endometrial epithelidATERIAL AND METHOD
cells, stromal cells, endothelial cells, neutrophils,
macrophages and stromal cells (Dauphinee & Karsan, 2006).

Sample collection and processindzight-week-old Wistar

Visfatin, a recently discovered adipokine, exprességts were randomly divided into 4 groups (6 rats in each
itself in the ovary and the fetal membranes. It is correlatéfoup) including saline group, visfatin group, LPS group
with intrauterine growth, gestational diabetes and polycystad visfatin+LPS group. Rats in each group received a tail
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vein injection as follows: (1) rats in saline group and LPS8itrocellulose membranes. Then the membranes were
group both received 0.5 ml 0.9% NaCl solution injectioblocked to prevent non-specific protein binding and
each day; (2) rats in visfatin group and visfatin+LPS groupcubated with rabbit anti-rat MPO (1:200) overnight’a.4
both received the injection of visfatin (19/kg) each day. Subsequently, the membranes were incubated with a
One week later, LPS (O111: B4, sigma) (2.5 mg/kg bodyorseradish peroxidase (HRP) (1:50000, Boster Inc, Wuhan,
weight) was injected into rats in LPS group andhina). Quantification was performed using the software
visfatin+LPS group. All the animals were sacrificed at 6 Quantity One (Bio-Rad).

after the injection of LPS. Uterus tissue specimens were

quickly removed, part of the tissue was fixed with 4%LISA. Concentrations of 13, IL-6 and TNFa in uterus
paraformaldehyde and was subsequently embeddedsamples were determined using commercially available Ab
paraffin. Uterus samples were allocated foand protein standards from R&D Systems according to
histopathological and immunohistochemicamanufacturer’s instructions. Absorption was determined with
investigations. Stained sections were analyzed under a lightlicroplateReader at 450 nm.

microscope (BX51; Olympus, Tokyo, Japan). Other uterus

tissues were kept at -80°C in the refrigerator, the MPO 8fatistical analysis All data were expressed as Me&D

the tissue was tested by western blot and the inflammatmalues (n=6). Statistical analyses were performed by using
cytokines of the tissue was tested by ELISA. Data we®&PSS 17.0 software and GraphPad Prism v5.0 software.
then analysed using the Quantity One (Bio-Rad) softwarifferences were considered significant if P<0.05.

HE Staining . H&E staining was performed by dewaxing
the paraffin sections, and then the slides were mounted WRIESULTS
coverslips and analyzed under a light microscope.

Immunohistochemical Staining.The deparaffined sections Localization and expression of visfatin positive cells in
were washed in PBS solution for 5 min, and then placed iat uterus. Immunohistochemical results showed no visfatin
0.01 M citrate buffer solution (pH 6.0) for 20 min for antigerexpression in negative control sections (Fig. 1A). The visfatin
retrieval. After cooling to room temperature, the samplesxpression mostly showed brownish yellow staining in the
were incubated with 3% J@, for 20 min, washed with PBS cytoplasm (Fig. 1C). Visfatin positive cells distributed widely
and then were blocked by 5% normal goat serum for 20the uterus, and Visfatin positive signals were observed in
min. Subsequently, the samples were incubated with primahe endometrium, myometrium and perimetrium (Fig. 1B),
antibody (rabbit anti-rat visfatin, 1:100, Bioss Inc, Beijingespecially in the glands of endometrium (Fig. 1C) and
China or rabbit anti-rat MPO, 1:100, Boster Inc, Wuhamucosal epithelium (Fig. 1D). There was also positive
China) or with PBS instead of antibody (as negative coexpression in the connective tissue of lamina propria of
trol), overnight at 4C. After washing three times with PBS, endometrium; the cells were fusiform, numerous, and stained
the samples were incubated with goat anti-rabbit (Biosdeeper (Fig. 1C). Positive signals were also observed in the
Beijing, China) for 20 min at 37°C. After washing with PBSgytoplasm of circular muscle of myometrium with scattered
the sections were detected by microscopy. distribution, and the cells, mostly fusiform or pleomorphic
in shape, were stained deeper.
Eosinophils Staining. The deparaffined sections were
stained with hematoxylin for 4 min and washed with distilledhe effect of visfatin on uterine organization structure
water for 10 s. Then, the sections were immersed in 1¥ LPS-induced rats. After HE staining, changes of
hydrochloric acid for 10 s, before being washed with runningrganizational structure (mainly focused on endometrial
water for 15 min. Subsequently, the sections were incubatstucture and myometrial thickness) in the rat uteruses were
with chromotropic acid for 40 min at room temperature, arfdund in different experimental treatment groups under the
washed with distilled water for 10 s. Finally, the samplesicroscope.
were dehydrated with a graded ethanol series, cleared in
xylene and mounted with a coverslip. Macrophages, spindle cells, polygonal cells and blood
cells were observed in the lamina propria. The blood cells
Western Blot. Taken from the refrigerator kept at -80°Cwere round, their cytoplasm was stained light pink, and most
the uterus tissue samples were dissolved in lysis buffer amdcleuses appeared in two leaves (Fig. 2A). The number of
extracted protein. The protein concentrations wengterine glands in endometrial lamina propria and the
determined by BioRatAssay. The samples were separatethickness of myometrium increased in visfatin group,
at equal protein concentration and transferred tocompared to those in saline group (Fig. 2B, Table I).
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Fig. 1. Visfatin expressed in uterus. (A) Negative control shows no positive product. (B) Visfatin positive product imagingy
Visfatin positive cells shown in uterine glands. (D) Endometrium has many visfatin positive cells. The arrow points tpossfizen
cells.

Table I. The thickness of endometrium and myometrium in different groups. In the same row, values with
different letter superscripts mean significant difference (P<0.05), while with the same and no letter
superscripts mean no significant difference (P>0.05).

Thickness (um) Saline group Vidatin group LPSgroup Visfatin+L PS group
Endometrium 439.46+49.97ab 491.35+44.86a  378.91+28.15¢c 413.10+33.96bc
Myometrium 342.07+16.69c 398.79+8.01b 481.60+18.10a 185.23£8.92d

Uterus organization structure changed significantly after LPFBhe changes of EOS in different experimental
treatment. Most of the endometrial epithelial cells began teeatment groups. Microscopic observations showed that
slough and the endometrium became thinner (Table I). &ter EOS staining, EOS mainly distributed in the lamina
greater number of blood cells emerged in the endometri@lopria of the uterus. A large number of EOS was also
lamina propria, and the number of fibroblasts and thebserved in circular muscle and EOS scattered in
thickness of myometrium increased (Fig. 2C, Table IJongitudinal muscle of myometrium. The cytoplasm was
Compared with LPS group, the number of the uterine gland&ined bright red and the nucleus was stained blue, and
of lamina propria and macrophage increased, and uterittee number of EOS varied among different groups.
gland secretions and the thickness of myometrium decrea&dtistical analysis suggested the number of EOS was
in visfatin + LPS group (Fig. 2D, Table I). higher in visfatin group than in saline group (Fig. 3B, 3A
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Fig. 2. The effects of visfatin on uterine organization structure (A) Normal organization structure in saline group. {@)nmyrosip,

the number of uterine glands and the thickness of myometrium was higher than in saline group. (C) The endometrial digithelial ce
began to fall off and the endometrium became thinner in LPS group. (D) In visfatin + LPS group, the number of uterinesgiégiusrwa

than in LPS group.

and 3E,P<0.05). The number of EOS was fewer in LPS Western blot results showed that MPO was reduced
group than in saline group (Fig. 3C and 3A, P>0.05). lin visfatin group compared to the saline group (Fig. 4G
visfatin + LPS group, the number of EOS was fewer thaand 4H, P<0.01,), and MPO was reduced in LPS group
in LPS group (Fig. 3D, 3C and 3E, P>0.05). Specificompared to the saline group (Fig. 4G and 4H, P>0.05).
changes in the results were shown in Fig. 3E. The results also showed that MPO was decreased in visfatin
+ LPS group compared to LPS group (P>0.05) (Fig. 4G
The changes of myeloperoxidase (MPO) in different and 4H, P>0.05).
treatment groups.Immunohistochemical results showed no
MPO expression in negative control group (Fig. 4B). Th&€he changes of some inflammatory cytokine in different
positive products of MPO distributed widely intreatmentgroups. The level of inflammatory cytokine, {.
endometrium, myometrium and perimetrium. MPQLB, IL-6, and TNFa in uterus was detected with ELISA.
expressed abundantly in the epithelium of endometrium aBy the data analysis, we could see that the secretion-of IL
uterine glands (Fig. 4C). Scattered positive signals were aly, IL-6, and TNFa in visfatin group was increased
observed in the circular muscle of myometrium. MP@ompared to saline group (Fig. 5A, 5B and 5C, P<0.01).
expression appeared as brownish yellow and was seerBint after LPS stimulated body, the level of-IIB, IL-6,
the nucleus and cytoplasm, and most MPO positive cellfNF-a was decreased compared to LPS group (Fig. 5A,
appeared in fusiform or pleomorphic shapes. 5B and 5C, P<0.01).
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The number of eosinophils

saline visfatin LPS visfatin+LPS

Fig. 3. The expression of EOS in different groups. (A) Saline group (B) In Visfatin group, the number of EOS was highsalihan in
group(P<0.05) (C) In LPS group, the number of EOS was lower than in saline group(P>0.05) (D) Visfatin+LPS group, the number of

EOS was lower than in saline group(P>0.05). The arrow points to EOS. (E) The number of EOS in different groups.

DISCUSSION

The localization of visfatin in rat uterus. As an the similar structure to that of the pre-B cell colony-
adipocytokine, visfatin has many biological activitiesenhancing factor (PBEF) which is found in lymphocytes.
participates in a variety of physiological responses and h@ssides visceral adipose tissue, liver, uterus, pancreas,
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Fig. 4. The expression of MPO in different groups. (A) MPO expression in uterus of saline group. (B) No MPO in
negative control group. (C) MPO in saline group. (D) MPO in visfatin group. (E) MPO in LPS group. (F) MPO in
visfatin + LPS group. Arrow indicates MPO expression. (G) Western blot shows MPO in different groups. (H)
MPO expression was reduced in visfatin group compared to the saline group (P<0.01), MPO expression was
reduced in visfatin+LPS group compared to the saline group(P<0.05). *= P<0.05 ; **= P<0.01.
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muscle tissue, fetal membranes, small intestine, bones of structural changes in different periods and conditions
marrow, lymphocytes, and heart, also secrete visfat{Garry et al, 2010). Our experiment found more uterine
(Ognjanovic & Bryant-Greenwood, 2002; Sethi & Vidal-glands of endometrial lamina propria in visfatin group than
Puig, 2005). Visfatin immunoreactive cells are mainlyn saline group, which further confirms that visfatin
distributed in the uterine glands of endometrial laminparticipates in the secretion of uterine glands. Some studies
propria, which suggests that visfatin may be involved in theported that visfatin stimulated the myocardial cells and
secretion of the uterine glands. Epithelial cells of theascular smooth muscle leading to their hypertrophy and
endometrium also expressed visfatin, which means visfatiyperplasia (Turneet al., 2011). So the thickness of
may participate in the uterus mucosal immune barrier amgyometrium in visfatin group increasing maybe due to that
play a role in defending against pathogens infection. Matte injected recombinant visfatin protein which made visfatin
visfatin positive cells in the lamina propria wereincrease, which stimulated hypertrophy and hyperplasia of
macrophages and fibroblasts (fusiform or polygonal). Ilthe smooth muscle, but the specific mechanism needs further
accordance with the previous studies, macrophages wereitbgearch.
main source of visfatin and visfatin caused inflammation in
synovial fibroblasts (Curadt al, 2006). Visfatin positive LPS is an important pathogenic agent. LPS treatment
cells also distributed in circular muscle and longitudinah endometrial cells can increase the expression-effi
muscle of the myometrium, which is in accordance with thié-6 and induce inflammation (Cronet al, 2012). In LPS
previous reports that visfatin can also be secreted in musgl®up, rat uterine mucosa had a wide range of cracks, fell
tissues (Ognjanovic & Bryant-Greenwood; Sethi & Vidal-off and the cell gaps became larger. The epithelium cells of
Puig), showing that visfatin may participate in the formatioendometrium had vacuoles and karyopyknosis, and
of smooth muscle. intercellular gaps became bigger. This is in accordance with
the theory that LPS can cause strong inflammation and
The effects of visfatin on rat uterine organizatiordestruction of endometrial cells (Woreg al, 2000). In
structure Previous research showed that the uterus had aeskglition, we also found that uterine smooth muscle became
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thicker in LPS group, and it may be because LPS enhandmattericidal proteins involved in the host defense. It is
the proliferation and activity of uterine smooth muscle cellebundant in the azurophilic granules of neutrophils. Only a
The result accords with the research that LPS stimulatsethall amount of MPO is present in some macrophages and
vascular smooth muscle to produce TNF and IL-1 and rihonocytes (Kamannet al, 2013). Cyclic MPO is mainly
regulated the expression of proto-oncogenes to promote fireduced by neutrophils, accounting for 95% of all the cyclic
proliferation of vascular smooth muscle cells (Yat@gl, MPO (Lau & Baldus, 2006). Thus, MPO is considered a
2005; Curtiset al, 2013). The thickness of uterine smoottsymbol of neutrophils in cytochemistry. In this experiment,
muscle decreased in visfain + LPS group compared with tithe amount of MPO was less in visfatin group as compared
in LPS group. This suggests that visfatin can inhibit theith that in saline group, which may be because visfatin
proliferation of LPS-induced uterine smooth muscleinhibited the activation and production of neutrophils. This
Hyperplasia was observed in smooth muscle tissue in visfatesult indicated that visfatin participated in the response
group and LPS group, but we found the activity of smoottaused by neutrophils. Moreover, the amount of MPO was
muscle cells and DNA proliferation weakened with théower in visfatin+LPS group compared with thatin LPS group,
addition of recombinant visfatin protein into LPS groupwhich indicated visfatin inhibited the activation of neutrophils
Those results suggest that visfatin moduldte$ PS-induced or made them go apoptotic. Some studies showed that the
uterine inflammation. level of MPO increased in inflammatory tissues, so MPO
activity measurement was used as an index of inflammation
The impact of visfatin on the EOS in rat uterusEOS isan (Tiruppathiet al, 2004). Those results further suggest that
important nonspecific immune cell when uterusisfatin plays role in LPS-induced uterine inflammatory
immunological stress happens. Previous studies showed tresponse.
EOS mainly distributed in endometrium and myometrium of
the rat uterus and had the functions of transporting antigens  Inflammation will happen when LPS stimulates the
and secreting inflammatory cytokine (Watlal, 2013; Lin- body. Previous studies have indicated MPO was activated in
de & DiMaio, 2011). Some studies found that visfatin gathe lung and the liver of the rat, and reached a plateau 6 h
involved in the inflammatory response as an adipocytokinafter the injection of a certain dose of LPS, and then the level
In a previous study, Moscheat al. (2007) found that the reduced after 6 h (Lét al, 2005). In our study, the rat was
recombinant visfatin activated white blood cells and inducddlled 6 h after the injection of LPS, so the level of MPO
the generation of cytokines. In the present study, the quantigéwel was lower in LPS group than that in saline group.
of EOS is most in visfatin group in rat uterus, which confirmed
that visfatin can participate in the uterus inflammation reactiorhe impact of visfatin on the inflammatory cytokine of
by regulating the quantity of EOS. rat uterus. Cytokines, such as H1f3, IL-6, and TNFa have
close relationship with inflammatory. The level o8, IL-

As one of the most important active ingredients o6, and TNFa was increased in inflammatory processes, so
endotoxin, LPS can activate neutrophils, monocytes arldey are regarded as proinflammatory cytokines. Recent
macrophages, and mediate the body's inflammatory responsteglies have shown that visfatin is also a proinflammatory
(Phillipson & Kubes, 2011; Martinezt al, 2008; Bootet cytokine in a variety of inflammatory processes. Increased
al., 2012). In the present study, the quantity of EOS was les$evrels of visfatin have also been shown to closely associated
in LPS group than that in saline group. The result suggestith some proinflammatory cytokines such as IL-1, IL-6, and
that LPS-mediated increase of the number of the white blodtNF-a (Sunet al, 2013; Teplaret al, 2014). In the present
cells in immune stress reaction may was mainly caused siudy, we could see that visfatin could up-regulate the level
the change of neutrophils and monocytes. Most EOS wak IL-13, IL-6, and TNFa in rats’ uterus treated with
apoptotic in the process of inflammation, which resulted imisfatin. This result is supported by the previous findings
the decrease of EO®loreover, the number of EOS in thethat as an extracellular cytokine, visfatin was able to increase
uterus was the least in visfatin + LPS group, which indicatebe secretion of I£13, IL-6, and TNFa, especially up-
that visfatin aggravated the apoptosis of EOS or inhibiteégulating circulating IL-6 (Moscheet al). But after LPS
its production. stimulated body, visfatin decrease the level 6fliR, IL-6,

and TNFa compared to LPS group. The above results
The impact of visfatin on the neutriphils of rat uterus  suggested that visfatin was involved in inflammatory
Neutrophils play an important role in the body's nonspecifiesponses in rats’ uterus by regulating the productions of
cellular immunity, and neutrophils will be activated and playnflammatory cytokines, and visfatin might have a dual
an anti-inflammatory role when external pathogens infectgulation in inflammation process. But the mechanism of
the uterus (Martineet al, 2012; Rinaldiet al, 2014). visfatin regulating the inflammatory process should be taken
Myeloperoxidase (MPO) is one of the major neutrophihto consideration.
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In conclusion, Visfatin was participated in thevisfatin regulating the inflammatory process should be
inflammatory responses in rats’ uterus by regulating thiaken into consideration.
expression of EOS, MPO, and the level of1p, IL-6,
and TNF-a. Visfatin might have a dual regulation inACKNOWLEDGEMENTS . This study was supported
inflammation process in the uterus, but the mechanismlmf National Natural Science Fund Project of China No.
31101776.

YANG, Z.; XIAO, K.; WANG, W.; TANG, J.; SUN, P. P.; PENG, K. M. & SONG, H. El efecto de visfatina en la reaccioén inflamatoria
en el Gtero de ratas inducidas por LR&.J. Morphol., 33(1)194-203, 2015.

RESUMEN: EI objetivo del presente estudio fue investigar los efectos de la visfatina sobre la estructura morfolégica y la
funcion del Gtero de la rata durante la inflamacion. Se estudiaron la expresion y distribucion de la visfatina, la esiriatfigiaan
eosindfilos, mieloperoxidasa y citoquinas en el Gtero de rata mediante la tincion de H&E, métodos inmunohistoquimicdslpt¥estern
y ELISA. El estudio mostré que las células visfatina positivas se dispersan ampliamente en el Gtero, junto a una fuedsitivejon
principalmente en el citoplasma de la célula. En comparacion con el grupo control, en el grupo visfatina, se encontranchilass gl
uterinas, se observé un aumento de EOS vy la diferencia fue significativa (p<0,05), MPO reducida siendo esta diferencia también
significativa (p<0,01). Ademas, la visfatina fue capaz de aumentar la secrecién de IL-1b, IL-6 y TNF-a (P<0,01). En coogragcion
grupo LPS, visfatina+grupo LPS, las glandulas uterinas de la lamina propia aumentaron, se observé un miometrio mas delgado, y
numero reducido de EOS y MPO, sin embargo, la diferencia no fue significativa (P>0,05). Después de estimulo LPS ersel cuerpo,
registrd un nivel menor de visfatina en IL-1b, IL-6, TNF-a (P<0,01). Los resultados anteriores sugieren que visfatinagiadedaaf
estructura morfolégica del Gtero de rata. Ademds, podria modular la respuesta inflamatoria en el Utero mediante ladedmlacion
cantidad de células inflamatorias, tales como EOS y MPO.

PALABRAS CLAVE: Visfatina; Rata inducida con lipopolisacéricos; Utero; Inflamacion; Citoquinas.
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