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ABSTRACT

Purpose: To investigate the mechanism involved in FC-99-induced alleviation of lupus nephritis (LN) in MRL/lpr lupus mice. 
Methods: Mice were divided into FC-99 group given intraperitoneal injection of FC-99, LN group, and normal control group 

(NC group) with an equivalent volume of normal saline. The injection lasted for 20 weeks. Mice urine was collected weekly from week 
9. Urine protein content, renal pathological changes, relative expression levels of tumor necrosis factor-α (TNF-α), as well as mono-
cyte chemoattractant protein (MCP-1) and interleukin-6 (IL-6) mRNA were determined with urine protein ELSA kit, H & E staining, 
and RT-PCR, respectively. The dendritic cells (DCs) were divided into control group (no treatment), lipopolysaccharide group (100 
ng/ml LPS daily) and FC-99 group (50 μmol FC-99 for 120 min, and 100 ng/ml LPS daily). The expression levels of major histocom-
patibility complex II (MHCII), CD40, CD80 and CD86 were determined using flow cytometry; while the expressions of interleukin-1 
receptor-associated kinase 4 (IRAK4), phospho-interleukin-1 receptor-associated kinase 4 (P-IRAK4), p38 and phosphorylated p38 
(P-p38) by were determined with western blot. 

Results: The urine protein content of the 3 groups ranked in a descending order was: LN group > FC-99 group > NC group 
(p<0.05). There were no obvious renal pathological changes in the NC group, but there were glomerular sclerosis, tubule-intersti-
tial fibrosis, tubular atrophy, glomerular leukocyte infiltration and tubule-interstitial mononuclear cell infiltration in the FC-99 and 
LN groups. However, the lesions were milder in the FC-99 group than in the LN group. Relative expressions of TNF-α, MCP-1 and 
IL-6 mRNA in the kidney tissues of FC-99 group and NC group were significantly lower than those in the LN group (p<0.05). The 
expression levels of MHCII, CD40, CD80 and CD86 in DCs of control and FC-99 groups were significantly lower than those in the 
LPS group (p<0.05). Relative expressions of P-IRAK4 and P-p38 protein in 3 groups were in the order LPS group > FC-99 group 
> control group (p<0.05). 

Conclusion: Inhibition of LPS-induced activation of the MAPK pathway in DCs is involved in the alleviation of LN in MRL/lpr 
lupus mice by FC-99.  
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Introduction

Systemic lupus erythematosus (SLE) is a cate-
gory of autoimmune disease (AID) that usually oc-
curs in young females, which mechanism is tissue 
injury caused by immune complex composed of an-
tibodies produced by over-activation of B cells and 
autoantigen from multiple systems and organs(1-2). 
Lupus nephritis (LN) is one of that most common 
complications of SLE(3). Dendritic cells (DCs) are 

widely distributed heterogeneous cells, with anti-
gen-presenting function(4). Multiple studies show 
that DCs are closely correlated with the occurrence 
of SLE(5-6). It has been reported that the immunosup-
pressor FC-99 inhibits the development of the dis-
ease and protects patients from injury in inducible 
enteritis and sepsis(7). The present study was aimed at 
investigating the mechanism of onset of LN in MRL/
lpr SLE, and the mechanism involved in FC-99-in-
duced alleviation of LN in MRL/lpr lupus mice.
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Materials and Methods

Experimental animals
Twelve (12) MRL/lpr SLE mice and 21 normal 

mice were bought from Pengli Biotech (Shanghai) 
Co., Ltd; Animal permission No: SYXK Hu/2014-
0012). Mice DCs were bought from Shanghai 
Fengshou Biotech Co. Ltd. 

Instruments and reagents
The instruments and reagents used, and their 

sources were: cell incubator (Chongqing Song-
lang Electronic Instruments Co., Ltd, type: DHP-
9052); low-temperature refrigerated centrifuge 
(Germany Eppendorf company, type: MiniSpin 
plus); inverted microscope (Japan Plympus com-
pany, type: IX73); high temperature sterilization 
oven (Shanghai Boxun Medical Molecular De-
vicesiological Instrument Incorporated Company, 
type: BXM-50VD); multifunction ELISA (Amer-
ican Molecular Devices company, type: Spectra-
Max iD5); flow cytometry (FC) (American Beck-
man Coulter Company, type: CytomicsTM FC 
500) and real-time fluorescence PCR instrument 
(American Applied Biosystems company, type: 
Applied Biosystems). The others were super clean 
bench (Suzhou Jiabao Purification Engineering 
Co. Ltd, type: JB-CJ-1500FX); electrophoresis 
apparatus (Beijing LiuYi Biotech Co., Ltd, type: 
DYCZ-20H); Vilber LouRMAT (Changchun Juny-
ihuahao Tech Co., Ltd, type: JY02G); cell culture 
medium (American Scien Cell); fetal calf serum 
(American ZETA LIFE Company); and urine pro-
tein ELISA kits (England Abcam Company). 

Methods  
All mice were given one week of adjustable 

feeding in animal laboratory of our hospital be-
fore normal trials without diet limitation. During 
adjustment period, the laboratory temperature and 
humidity were maintained at 23 ± 2 ℃ and 55 ± 
5%, respectively, in an environment with 12-h 
light/day. The MRL/lpr SLE mice were randomly 
divided into FC-99, LN group and normal control 
(NC) groups (21 mice/group). Mice in the FC-99 
group were given abdominal injection of FC-99 at 
a dose of 10 µg/g. Mice in LN group and NC group 
were given equivalent volume of normal saline in-
jection. Mice were given injection once a week in 
the first eight weeks, and twice a week from the 
ninth week. All mice were sacrificed by cervical 
dislocation at the end of the 20th week. Beginning 

from the 9th week, mice urine was collected week-
ly. Urine protein level was measured using urine 
protein ELISA; and renal pathological conditions 
of mice in the 3 groups were determined using H 
& E staining. The relative renal expressions of 
mRNA of various inflammatory factors were de-
termined with RT-PCR. Mice DCs were divided 
into control group, lipopolysaccharide (LPS) and 
FC-99 group. The LPS group received LPS at 100 
ng/ml and were cultured for 24 h. Cells in FC-99 
group were given pretreatment for over 120 min 
using 50 μmol FC-99, followed with LPS at a dose 
of 100 ng/ml and culturing for 24 h. The levels of 
expression of surface activation markers of DCs 
in the 3 groups were determined using flow cy-
tometry, while the expression levels of various 
MAPK proteins in DCs were determined using 
Western blot.

Observation indices
The observation indices were urine protein, 

renal pathological conditions and relative expres-
sion levels of tumor necrosis factor α (TNF-α), 
monocyte chemoattractant protein 1 (MCP-1) and 
interleukin-6 (IL-6) in kidney tissue in the 3 mice 
groups; expression level of activation markers i.e. 
major histocompatibility complex Ⅱ (MHCⅡ), 
CD40, CD80 and CD86 on DC surface in vari-
ous groups; expression levels of interleukin 1 
receptor-associated kinase 4 (IRAK4), phospho-
rylation interleukin 1 receptor-associated kinase 
4 (P-IRAK4), p38 and p38 phosphorylation p38 
(P-p38). 

Statistical analysis

Measurement data are presented as mean ± 
standard deviation (SD), and were statistically ana-
lyzed with Student’s t-test. The statistical analysis 
was done with SPSS version 21.0. Values of p<0.05 
were considered significant. 

Results

Comparison of proteinuria in mice in the 
three groups  

The results in Figure 1 show that urine pro-
tein level of mice in FC-99 group and LN group 
were significantly higher than that in the NC 
group (p<0.05), but urine protein level in the FC-
99 group was significantly lower than that of the 
LN group after treatment with FC-99 (p<0.05).
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Comparison of renal pathological conditions 
of mice in the three groups  

There were no obvious pathological changes 
in renal tissue of mice in the NC group. In contrast, 
pathological changes such as glomerular sclerosis, re-
nal tubular interstitial fibrosis, renal tubular atrophy, 
glomerular leukocyte infiltration and tubular inter-
stitial mononuclear cell infiltration occurred in mice 
kidney in the FC-99 and LN groups. The renal patho-
logical changes in mice in the FC-99 were mitigated, 
when compared with mice in the LN group. These 
results are shown in Figure 2. 

Comparison of relative expressions of TNF-α, 
MCP-1 and IL-6 mRNA in renal tissue of mice in 
the three groups 

As shown in Table 1, the relative expression 
levels of TNF-α, MCP-1 and IL-6 mRNA in renal 
tissue of mice in FC-99 group and NC group were 
significantly decreased, relative to corresponding 
expressions in the LN group (p<0.05). However, 
there were no significant differences in the rela-
tive expression levels of TNF-α, MCP-1 and IL-6 
mRNA in renal tissue of mice between the FC-99 
group and the NC group (p>0.05). 

Comparison of expression levels of surface 
activation markers of CDs in the three groups 

The expression levels of MHC Ⅱ, CD40, 
CD80 and CD86 in DCs of the control group and 
FC-99 group were significantly decreased, when 
compared with DCs in LPS group (p<0.05). How-
ever, there were no significant differences in the 
expression levels of MHC Ⅱ, CD40, CD80 and 
CD86 on CDs between the FC-99 group and the 
control group (p>0.05). These results are depicted 
in Figure 3. 

Relative expression levels of IRAK4, P- 
IRAK4, p38 and P-p38 proteins in cells in the three 
groups

As shown in Figure 4, there were no signif-
icant differences in relative expression levels of 
IRAK4 and p38 in the three groups (p>0.05). How-
ever, the relative expression levels of P- IRAK4 
and P-p38 proteins were significantly lower in the 
control and FC-99 groups than in the LPS group 
(p<0.05); while relative expression levels of P- 
IRAK4 and P-p38 proteins in the DCs in control 
group were significantly decreased (p<0.05). 

Group TNF-a mRNA MCP-1 mRNA IL-6 mRNA

FC-99 (n=21) 1.73±0.59# 1.21±0.30# 1.28±0.41#

LN (n=21) 14.57±4.86 5.34±1.51 6.29±1.35

NC (n=21) 0.97±0.11# 0.83±0.09# 1.04±0.13#

F 153.43 165.75 275.75

p <0.001 <0.001 <0.001

Table. 1: Relative expressions of TNF-α, MCP-1 and 
IL-6 mRNA in renal tissue of mice in the three groups. 
#p > 0.05, compared with LN group. 

Figure 1: Urine protein levels of mice in the three groups.

Figure 3: Comparison of expression levels of MHC Ⅱ, 
CD40, CD80 and CD86 in DCs of the three groups.

Figure 4: Relative expression levels of IRAK4, P- IRAK4, 
p38 and P-p38 proteins in cells in the three groups.

Figure 2: Renal pathological changes in mice in the three 
groups. A: NC group; B: LN group; C: FC-99 group.
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Discussion

Systemic lupus erythematosus (SLE) is a 
complex autoimmune disease induced by hered-
ity, infection, hormone and environmental stimu-
lation. Typically, the face of the patient manifests 
skin lesion of butterfly erythema, in addition to 
symptoms in kidney, digestive system, respiratory 
system, nervous system, heart and skeletal sys-
tem(1-8). The major cause of death in SLE patients 
is lupus erythematosus. At present, there are no 
radical treatments for SLE. The treatment relies 
mostly on immune-suppressors such as metho-
trexate and cyclophosphamide; antiperiodic drugs 
and glucocorticoids. However, the patients usu-
ally experience disease relapse due to severe and 
multiple adverse reactions(9). Therefore, it is nec-
essary to investigate and evolve new ways of in-
hibiting the pathogenesis of LN and SLE. 

The FC-99 used in this study is a synthetic 
version of FC, an indole alkaloid extracted from 
Aspergillus fumigatus. Studies have demonstrated 
that FC-99 inhibits macrophage signal transduc-
tion, regulates differentiation of mononuclear mac-
rophagocytes, and relieves symptoms of sepsis in 
mice(7-10). Currently, DCs are the most functional 
antigen-presenting cells, and they regulate immu-
nity by activating T cells, and processing and pre-
senting antigens. They express antigen-presenting 
molecules such as MHC Ⅰ and MHC Ⅱ as well as 
co-stimulators such as CD40, CD80 and CD86 on 
their surfaces(11). Under non-activation state, the 
expression levels of MHC Ⅱ, CD40, CD80 and 
CD86 on DC surface are extremely low. However, 
a large amount of antigen-presenting molecules and 
co-stimulators are expressed when DCs become ac-
tivated. One of these (MHC Ⅱ) forms a complex 
with tumor antigen, thereby activating CD4+T 
cells. Activated DCs secrete chemotactic factors, 
and the chemotactic factors activate more DCs in 
a paracrine fashion. The activated DCs upregulate 
the surface expression levels of CD40, CD80 and 
CD86, thereby presenting antigens to CD8+T and 
activating CD8+T cells and CD4+T cells(12-13). 

Urinary protein usually occurs in renal injury 
caused by nephritis and nephrotic syndrome. Uri-
nary protein is used for evaluating renal patholog-
ical conditions in clinics(14). The TNF-α, MCP-1 
and IL-6 are inflammatory factors, which enhance 
the occurrence and development of LN. The key 
protein of intracellular signal conduction pathway, 
IRAK4, has tyrosine kinase activity and serine or 

threonine kinase activity(15). Mitogen-activated 
protein kinase (MAPK) is important for cell sign-
aling. The physiological function of this pathway 
is to conduct extracellular signals into cell nucleus 
across the cell membrane(16). Studies have shown 
that IRAK4 mediates inflammatory reactions 
by regulating the p38MAPK pathway. Indeed, 
IRAK4 influences multiple MAPK pathways, in-
hibits IRAK4 expression, and lowers P-p38 ex-
pression level(17). 

This study found that urinary protein level 
of mice in the LN group was higher than that of 
mice in the F-99 and NC group. Glomerular scle-
rosis, renal tubular interstitial fibrosis, renal tubu-
lar atrophy, glomerular leukocyte infiltration and 
tubular interstitial mononuclear cell infiltration 
occurred in mice kidney in FC-99 and LN groups, 
but renal pathological changes in mice in the FC-
99 group were mitigated, relative to pathological 
changes in the LN group. In addition, relative ex-
pression levels of TNF-α, MCP-1 and IL-6 mRNA 
of renal tissues of mice in FC-99 and NC groups 
were lower than those of mice in the LN group, 
which indicates that FC-99 relieved the onset LN 
in MRL/lpr SLE mice. This study also found that 
the expression levels of MHC Ⅱ, CD40, CD80 
and CD86 in DCs in the control and FC-99 groups 
were significantly decreased, when compared to 
corresponding expressions in the LPS group; rela-
tive expressions of P- IRAK4 and P-p38 proteins 
in the control and FC-99 groups were lower than 
those in the LPS group, and relative expressions 
of P- IRAK4 and P-p38 proteins of DCs in con-
trol group were lower than corresponding expres-
sions in the FC-99 group. These results indicate 
that FC-99 inhibits DC activation and p38MAPK 
pathway activation-induced by LPS.  

Conclusion

The results obtained in this study show that 
FC-99 alleviates LN in MRL/lpr SLE mice by in-
hibiting DC activation and LPS-induced p38MAPK 
pathway activation.  



00FC-99 alleviates lupus nephritis in mrl/lpr lupus mice by inhibiting the activation of mapk pathway                                           1077

References

1) Eudy AM, Siega-Riz AM, Engel SM, Franceschini N, 
Howard AG, et al. Effect of pregnancy on disease flares 
in patients with systemic lupus erythematosus. Ann 
Rheum Dis 2018; 77: 855. 

2) Hou C, Jin O, Zhang X. Clinical characteristics and risk 
factors of infections in patients with systemic lupus ery-
thematosus. Clin Rheumatol 2018; 3: 1-7. 

3) Fischer K, Przepiera-Będzak H, Sawicki M, Walecka A, 
Brzosko I, et al. Serum Interleukin-23 in Polish Patients 
with Systemic Lupus Erythematosus: Association with 
Lupus Nephritis, Obesity, and Peripheral Vascular Dis-
ease. Mediators Inflamm 2017; 2017: 9401432. 

4) Yang F, Luo L, Zhu ZD, Zhou X, Wang Y, et al. Chloro-
genic Acid Inhibits Liver Fibrosis by Blocking the 
miR-21-Regulated TGF-β1/Smad7 Signaling Pathway 
in Vitro and in Vivo. Front Pharmacol 2017; 8: 929. 

5) Tan DM, Xiang Y, Tan QL. Study on immune function 
of blood dendritic cells in patients with lupus nephritis. 
Chin J Immunol 2016; 32: 570-572.

6) Dieker J, Tel J, Pieterse E, Thielen A, Rother N, et al. 
Circulating Apoptotic Microparticles in Systemic Lupus 
Erythematosus Patients Drive the Activation of Dendrit-
ic Cell Subsets and Prime Neutrophils for NETosis. Ar-
thritis Rheumatol 2016; 68: 462-472.

7) Shao L, Cai X, Zhu H, Wang J, Hong L, et al. TLR2 
and TLR3 expression as a biomarker for the risk of dox-
orubicin-induced heart failure. Toxicol Lett 2018; 295: 
205-211. 

8) Carmona-Rivera C, Zhao W, Yalavarthi S, Kaplan MJ. 
Neutrophil extracellular traps induce endothelial dys-
function in systemic lupus erythematosus through the 
activation of matrix metalloproteinase-2. Ann Rheum 
Dis 2015; 74: 1417.

9) Xiang SB, Lu QY, Zhang CY. Efficacy and Safety of 
Combined Prednisone with Cyclophosphamide in the 
Treatment of Systemic Lupus Erythematosus. Labeled 
Immunoassays Clin Med 2016; 23: 400-402.

10) Yang L, Dou H, Song Y, Hou Y. Benzenediamine analog 
FC-99 inhibits TLR2 and TLR4 signaling in peritoneal 
macrophage in vitro. Life Sci 2016; 144: 129-137.

11) Zheng L, Wang HX, Tang YS, Zhang LP. Activation of 
dendritic cell from C57BL/6 mice medulla induced by 
fusion protein CTP-FoxM1. Chin J Cell Biol 2015; 5: 
638-647.

12) Rochaperugini V, Martínez DHG, Gonzálezgranado 
JM, Ramírez-Huesca M, Zorita V, et al. CD9 regulates 
MHC-II trafficking in Monocyte-derived Dendritic 
Cells. Mol Cell Biol 2017; 37: 17.

13) Qian S, Hosoki K, Boldogh I, Sur S. Allergic Extracts 
Require TLR4 to Activate and Increase Expression of 
CD40, CD80 and CD86 on Bone Marrow-Derived Dcs. 
J Allergy Clin Immunol 2015; 135: 9.

14) Fan WJ, Ge YC, Cheng Z. Family history of hyperten-
sion, urine protein and renal diseases. Chin J Nephrol 
Dial Transplant 2016; 25: 94-98.

15) Willis VC, Banda NK, Cordova KN, Chandra PE, Rob-
inson WH, et al. Protein arginine deiminase 4 inhibition 
is sufficient for the amelioration of collagen-induced ar-
thritis. Clin Exp Immunol 2017; 188: 263-274.

16) Liu TT, Zhang SP, Qin XY. Progress in studies on 
MAPK signal transduction pathway and nerve injury. 
Chin J Public Health 2016; 32: 248-254.

17) Gurung P, Asw L, Armon K, Millington GWM. Chil-
blains accompanying interleukin-1 receptor-associated 
kinase (IRAK)-4 deficiency. Clin Exp Dermatol 2018; 
43: 596-597.

–––––––––
Corresponding Author: 
WenJun Zheng     
Email: pk1184@163.com
(China)


