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Effect of mesangial cell2derived interleukin213
on expression of cytokines synthesized by

human mesangial cells
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　　Abstract :　Objective 　This study aims to investigate the interleukin213 ( IL213) expression in the human mesangial

cells ( HMC) and its effect on expressions of cytokines synthesized by HMC so as to study the role of IL213 in the

inflammatory process of glomerulonephritis. Methods The HMC were cultured and treated with L PS and/ or recombinant

human IL213. The IL213 mRNA expression and the IL213 protein level in the cultured HMC were detected by

semiquantitative reverse transcription polymerase chain reaction ( RT2PCR) and enzyme2linked immunosorbent assay

( EL ISA ) respectively. The effects of IL213 on the expressions of proinflammatory cytokines , chemokines and

profibrogenic cytokine in the HMC were determined by ribonuclease protection assay (RPA) . The cultured HMC without

L PS or recombinant human IL213 stimulation were used as the controls. Results 　The IL213 mRNA expression and IL2
13 protein were undetected in the controls without stimulation. The IL213 mRNA expression in the HMC with L PS

stimulation was induced as early as 12 hrs after L PS stimulation , reached a peak at 48 hrs and remained high level until 72

hrs. The activation of HMC with L PS resulted in the induction of IL213 mRNA expression in a dose and time dependent

way. The IL213 protein was induced 24 hrs after L PS stimulation and was further increased with stimulation time. The

recombinant IL213 inhibited TNF2α, IL21α, IL21β, MCP21 , IL28 and TGF2β1 mRNA expressions were induced by L PS

in a dose2dependent way. The expressions of TNF2α, IL21α, IL21β, MCP21 , IL28 , and TGF2β1 mRNA were increased

after endogenously produced IL213 was neutralized with anti2IL213 mAb. Conclusions 　L PS can induce the IL213

expression in HMC. The mesangial cell2derived IL213 can inhibit the production of proinflammatory cytokines ,

chemokines , and profibrogenic cytokine synthesized by HMC. [ Chin J Contemp Pediatr , 2004 , 6( 2) : 85 - 88]
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系膜细胞来源的白细胞介素213 对系膜细胞细胞因子基因表达的研究

张爱华 ,丁桂霞 ,吴元俊 ,潘晓勤 ,蔡毅 ,陈荣华 南京医科大学附属南京儿童医院肾科 ,江苏 南京 　210008

　　[摘 　要 ] 　目的 　白细胞介素213 ( IL213)是新近发现的一种抗炎性细胞因子 ,其在肾小球肾炎中的作用尚不

清楚 ,该研究探讨脂多糖 (L PS)对体外培养的人肾小球系膜细胞 ( HMC)表达 IL213 作用以及 IL213 对 HMC促炎性

细胞因子、趋化因子和促纤维化因子基因表达的影响。方法 　体外培养 HMC ,加入不同浓度的 L PS 和 (或) IL213

后 ,用逆转录 - 聚合酶链反应和 EL ISA 检测 HMC IL213 mRNA 表达和细胞培养上清液中 IL213 蛋白含量 ;应用核

酸酶保护法检测 HMC 肿瘤坏死因子2α( TNF2α) 、白介素 - 1α( IL21α) 、白介素 - 1β( IL21β) 、单核细胞趋化蛋白21

(MCP21) 、白介素28 ( IL28) 、转化生长因子 -β1 ( TGF2β1) mRNA 的表达。结果 　未予 L PS刺激的 HMC 不表达 IL2
13 mRNA 和蛋白 ;L PS呈剂量依赖性和时间依赖性诱导 HMC表达 IL213 mRNA 和分泌 IL213 蛋白。HMC受 L PS

刺激后 12 h 即可表达 IL213 mRNA ,48 h 达高峰 ,72 h 仍维持在较高的水平。HMC受 L PS 刺激后 24 h ,其培养上

清液中检测到 IL213 蛋白 ,48 h 和 72 h 进一步增加。外源性 IL213 呈剂量依赖性地抑制 L PS 诱导的系膜细胞

TNF2α, IL21α, IL21β,MCP21 , IL28 , TGF2β1 mRNA 的表达。应用抗 IL213 抗体中和内源性 IL213 后 ,上述炎症因子
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表达增强。结论 　IL213 是 HMC自分泌因子。IL213 可抑制 L PS诱导的系膜细胞促炎性细胞因子、趋化因子和促

纤维化因子的表达 ,提示自分泌和旁分泌的 IL213 对于肾小球疾病状态下肾脏系膜细胞的炎症反应具有抑制

作用。 [中国当代儿科杂志 ,2004 , 6 (2) : 85 - 88 ]

[关 　键 　词 ] 　系膜细胞 ;白细胞介素213 ;炎症
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　　It has been demonstrated that mesangial cells

with L PS or immune complexes stimulation can se2
crete newly synthesized IL21 , IL26 , IL28 , TNF2α
and colony2stimulating factors. These cytokines are

important in amplifying the glomerulus inflammatory

reaction[1 ]. IL213 , a novel lymphokine , is isolated

from activated human T lymphocytes and is expressed

in a variety of cells. It exhibits both anti2inflammato2
ry and immuno2regulatory properties. It can inhibit

production of macrophage inflammatory proteins such

as IL21 , IL26 , IL28 , macrophage inflammatory pro2
tein (M IP)21 , TNF2αand enhance the production of

IL21 receptor antagonist [1 ] . This study aims to investi2
gate whether LPS can induce human mesangial cells

( HMC) to produce IL213 and to explore the effect of IL2
13 on the expression of cytokines synthesized by HMC.

Materials and methods

Reagents

RPM I 1640 , HEPES , fetal calf serum ( FCS)

and TRIzol reagent were provided by Gibco BRL

(USA) . L PS from Escherichis coli 026 :B6 , insulin ,

t ransferrin and the collagenase type IV were provided

by Sigma ( USA) . Cell culture flasks were provided

by Nunc (Denmark) . The rat anti2IL213 monoclonal

antibodies and human multi2probe template set were

provided by PharMingen ( Canada) . Oligo ( dT) 15 ,

dN TPs , AMV , and Taq polymerase were provided

by Promega (USA) .

Human mesangial cells culture

Human fetal kidneys with gestational ages from

4 to 6 months were obtained after therapeutic abor2
tions. The mesangial cells were cultured in RPM I

1640 buffered with 10 mmol/ L of HEPES to p H

7. 4 , and supplemented with 20 % FCS , 5μg/ ml of

insulin and transferrin , 100 U/ ml of penicillin , and

100 mg/ ml of st reptomycin at 37 ℃ in a humidified

environment with 5 % CO2 . The third to fifth pas2

sage cells were used in this study.

The cells with a density of 1 ×106 cells/ flask

were cultured in 75 cm2 flasks with 20 % FCS medi2
um until approximately 80 % of these cells were con2
fluent. These cells were then incubated with 0. 5 %

FCS medium for 48 hours to make them quiescent .

The cultured cells were divided into the Control group

and the Experiment group . The Experiment group

was incubated with a 1640 medium containing 20 %

FCS. Various concentrations of L PS (1 , 10 and 100

μg/ ml) were added to the medium for detecting the

IL213 mRNA expression induced by L PS in some of

the Experiment group ; some of the Experiment group

were pretreated with recombinant human IL213 for

30 minutes before L PS inducement in order to evalu2
ate the effect of IL213 on cytokines ; and a combination

of LPS and anti2IL213 antibody were added to some of

the Experiment group for detecting the effects of IL213

endogenously produced by HMC on cytokins expressions.

The Control group had no treatment.

RNA extraction

The total RNA of cultured HMC was extracted

by an acid guanidinium thiocyanate2phenol2chloroform

extraction procedure according to the instructions of

the TRIzol reagent . The RNA extraction was dissolved

in 20 - 30μl of diethylpyrocarbonate2treated water.

Detection of IL213 mRNA expression

The IL213 mRNA expression was detected by a

semiquantitative RT2PCR according to the protocol.

PCR was performed on a thermocycler ( PE Cetus ,

CT) under the following conditions : denaturation at

94 ℃for 5 minutes , 92 ℃for 30 seconds , 56 ℃for 30

seconds , and 72 ℃ for 1 minutes , with 30 cycles.

The downstream primer sequence of the internal con2
t rol , β2actin , was 5′2CTACAA TGA GCT2
GCGTGTTGGC23′ and the upstream primer se2
quence was 5′2CA GGTCCA GACGCA GGA TGGC23′.

The downstream primer sequence of IL213 was 5′2
CA GTTGAACCGTCCCTGCCG23′and the upstream
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primer sequence was 5′2CCCA GAACCA2
GAAA GGCTCCG23′. The fragment size of β2actin

and IL213 was 206 bp and 279 bp respectively. The

IL213 andβ2actin amplified products (20μl repective2
ly) were elet rophoresed on a 2 % agarose gel stained

with ethidium bromide. The densitometric quantifica2
tion of the PCR2amplified products was expressed in

arbit rary units as the ratio of IL213/β2actin levels.

Detection of IL213 protein

The level of IL213 protein in the culture super2
natants of the HMC was detected using a quantitative

sandwich enzyme immunoassay technique according to

the instructions in the IL2132specific EL ISA kit . The

lower limit of IL213 protein was 7 pg/ ml. All sam2
ples were measured in duplicate.

Riboprobe Synthesis

The multi2probe template set contained DNA

templates , which can hybridize with target human

mRNAs encoding TNF2α, IL21α, IL21β, MCP21 ,

IL28 , TGF2β1 , and housekeeping gene products

GAPDH , were transcribed by incubating with T7

polymerase and (α2α32 P) U TP to the cRNA probes

with a mark of 　32　P according to the protocol.

Detection of cytokins expressions

The expressions of the TNF2α, IL21α, IL21β,

MCP21 , IL28 and TGF2β1 were determined by ri2
bonuclease protection assay ( RPA) according to the

protocol. The amount of 5 ×105 cpm of the cRNA

probes were hybridized with 20μg total RNA at 56 ℃

overnight , and were then digested with RNase A/

T1. After phenol/ chloroform extraction and ethanol

precipitation , the protected fragments were separated

on a denaturing 10 % polyacrylamide/ urea sequencing

gel and were visualized by autoradiography at - 80 ℃

for one to three days. Results were quantified with an

image analyzer ( UVP) . The densitometric quantiti2
cation of cytokines mRNA was expressed in arbit rary

units as the ratio of cytokines/ GAPDH levels. The

amount of 6. 0μg yeast RNA was used as the controls

without TNF2α, IL21α, IL21β, MCP21 , IL28 , TGF2
β1 , and GAPDH expressions.

Statistical analysis

All data were expressed as �x ± s . One2way

ANOVA was used to analyze the difference with

SPSS 10. 0 software.

Results

Expression of IL213 mRNA

The expression of IL213 mRNA was undetected

in the Control group without L PS stimulation. It was

induced as early as the 12th hour after HMC were ac2
tivated with L PS , reached a peak level at the 48th

hour , and remained a high level until the 72nd hour

( Figures 1A and 1C) . The IL213 mRNA expression

of the HMC increased as an increase of the L PS con2
centration ( Figures 1B and 1D) .

Effects of LPS on the level of IL213 protein

The level of IL213 protein was undetected in the

supernatant of the controls without L PS stimulation.

However activation of HMC with L PS resulted in an

increase of IL213 protein level in a dose and time2de2
pendant way ( Figure 2) .

Effects of IL213 on the proinflammatory cytokines ,

chemokines and prof ibrogenic cytokine mRNA ex2
pression

The HMC cultured by 1640 medium containing

20 % FCS without L PS stimulation were not found to

express IL21αand MCP21 mRNA but they expressed

TNF2α, IL21β, IL28 , and TGF2β1. The expression

of the TNF2α, IL21α, IL21β, MCP21 , IL28 , and

TGF2β1 mRNA in the HMC increased significantly

after L PS stimulation ( P < 0. 01) . IL213 had no ef2
fect on the expressions of these cytokines in the HMC

without stimulation but it decreased significantly in

the expressions of TNF2α, IL21α, IL21β, MCP21 ,

IL28 , and TGF2β1 mRNAs in the HMC induced by

L PS in a dose2dependent way ( Figure 3) .

Effects of endogenous IL213 on the proinflammatory

cytokines , chemokines and prof ibrogenic cytokine

mRNA expressions

The expressions of TNF2α, IL21α, IL21β, MCP21 ,

IL28 , and TGF2β1 mRNA in the HMC with LPS and

anti2IL213 mAb stimulations were higher than those in

the HMC stimulated with LPS alone (Figure 4) .

Discussion

　　It has been reported that the expression of IL213

mRNA and the production of IL213 protein in periph2
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eral blood mononuclear cells ( PBMC) are increased

significantly in childhood nephrotic syndrome[2 ] . In

this study , it was shown that the IL213 mRNA ex2
pression was associated with IL213 protein produc2
tion. The L PS induced IL213 synthesis in a dose2de2
pendent way and the maximal production of IL213 oc2
curred at the highest dosage of L PS. The IL213 mR2
NA expression in the HMC was induced as early as 12

hours after L PS stimulation , reached a peak at 48

hours and remained at high level until 72 hours. It is

suggested that L PS could induce HMC to synthesize

and release IL213.

The anti2inflammatory properties of IL213 are

well recognized. In vit ro , IL213 can inhibit the pro2
duction of proinflammatory cytokines by activating

macrophages and monocytes , can inhibit the expres2
sion of the inducible isoform of nit ric oxide synthase

(iNOS) and cyclooxygenase22 and prostaglandin E2

( PGE2) produced by mesangial cells and inhibit vas2
cular permeability factor released by PBMC from pa2
tients with lipoid nephrosis[1 ,3 ,4 ] . In vivo , IL213 can

protect animals f rom L PS2induced lethal endotoxemia

and from Ig G immune complex2induced lung in2
jury[5 ] . In these models , the protective effects of IL2
13 were associated with reduced production of proin2
flammatory cytokines. In this study , it was shown

that human IL213 strongly inhibited IL21α, IL21β,

TNF2α, IL28 , MCP21 and TGF2β1 expressions of

L PS2induced HMC in a dose2dependent way. IL213

with the concentration of 100 ng/ ml reduced IL2β1 ,

IL28 , MCP21 , and TGF2β1 synthesis by more than

80 %. The inhibitory effects on IL21α and TNF2α
synthesis were somewhat less. These results were in

agreement with the negative modulatory effect of IL2
13 on the synthesis of IL21 and TNF observed in hu2
man monocytes[1 ] . However , it has been reported

that IL213 can increase IL28 and MCP21 expressions

in human bronchial epithelial cells and human vascular

smooth muscle cells and that it had no effect on MCP2
1 secretion in myelomonocytic cells[6 ] . It is suggested

that cell type specificity is critical in interpreting the

effects of L PS stimulation.

The ability of neutralizing the IL213 activity of

the anti2human IL213 antibody has been confirmed

previously[7 ] . In this study , it was shown that even

when the production of IL213 by L PS2stimulated

HMC was low , it was sufficient to exert autoregula2
tory effects on the proinflammatory cytokines synthe2
sized by these HMC. The expression of cytokines

mRNA in the HMC cultured with L PS and anti2IL2
13 mAb was higher than that in the HMC cultured

with L PS alone. It is suggested that HMC could ex2
press IL213 after immune induction or non2immune

injury and that , in turn , IL213 can inhibit synthesis

and release of proinflammatory cytokines , chemokines

and profibrogenic cytokine.

In summary , the data obtained in this study demon2
strated that LPS can induce the expression of IL213 in

HMC , and that IL213 can inhibit the production of proin2
flammatory cytokines , chemokines , and profibrogenic cy2
tokine synthesized by HMC. IL213 produced by HMC

may play an important anti2inflammatory role in the in2
flammatory process of glomerulonephritis.

( Figures are on the inside front cover)

[ References]

[ 1 ] 　De Waal Malefyt R , Figdor CG , Huijbens R , Mohan2Peterson S ,

Bennett B , Culpepper J ,et al. Effects of IL213 on phenotype , cy2

tokine production , and cytotoxic function of human monocytes

[J ] . J Immunol , 1993 , 151 (11) : 6370 - 6381.

[2 ] 　Yap HK , Cheung W , Murugasu B , Sim SK , Seah CC , Jordan

SC. Th1 and Th2 cytokine mRNA profiles in childhood nephrotic

syndrome : Evidence for increased IL213 mRNA expression in re2

lapse [J ] . J Am Soc Nephrol , 1999 , 10 (3) : 529 - 537.

[3 ] 　Díaz2Cazorla M , Pérez2Sala D , Ros J , Jimenez W , Fresno M ,

Lamas S. Regulation of cyclooxygenase22 expression in human

mesangial cells 2 t ranscriptional inhibition by IL213 [J ] . Eur J

Biochem , 1999 , 260 (1) : 268 - 274.

[ 4 ] 　Parry RG , Gillespie KM , Mathieson PW. Effects of type 2 cy2

tokines on glomerular epithelial cells [J ] . Exp Nephrol , 2001 , 9

(4) : 275 - 283.

[ 5 ] 　Lorentz A , Klopp I , Gebhardt T , Manns MP , Bischoff SC. Role

of activator protein 1 , nuclear factor2kappaB , and nuclear factor

of activated T cells in IgE receptor2mediated cytokine expression

in mature human mast cells [J ] . J Allergy Clin Immunol , 2003 ,

111 (5) : 1062 - 1068.

[ 6 ] 　Jarnicki AG , Fallon PG. T helper type22 cytokine responses : po2

tential therapeutic targets [J ] . Curr Opin Pharmacol , 2003 , 3

(4) : 449 - 455.

[ 7 ] 　Matsukawa A , Hogaboam CM , Lukacs NW , Lincoln PM , E2

vanoff HL , Strieter RM , et al. Expression and contribution of

endogenous IL213 in an experimental model of sepsis [J ] . J Im2

munol , 2000 , 164 (5) : 2738 - 2744.

( Edited by Min XIE)

·88·




