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H#: SR H S & (Lupus nephritis, LN) 8% 5@REABBHERBHNEHERE=WER, BB
BEBAELNERFHER. ik ERARAEATRERESIH, 2 RAEEE R4 (LNA) 275 FR
FEIEE R4 (N-LNA) 244, HiEIRE36@REREENEENBAHA). ZETllumina MiSeqF & 4>
FIXSLE S & MR RN AL ZERE AT AlphaZ FE ST BetaZ HME ST AR B/KFE LN HERER:
YT, SR ELISARUHi A4 e Lo i 0 5 SLE 58 2 0 {g FEonf HR 4L I YA AR AR 1 Wk Br (IS)IRE, XTLNERE f124h
WREAEESHIMBISIREHET Pearsonfi RS HT, KA ZRE TIEML(ROCHIZR), MIERAEGRME
AR EISEH AR, 48 INABEBENBAMSKENGHESERNEETE, ZRERIHE
B (P<0.05), fELNEEF, 24 hREAEESMFEISKEEIEMKL(r=0.86,P<0.01), &it: BE
MR EEFEREREBERE, BITESERENN, HRREFEYILBISRE, THES5LNERK.
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Abstract

Objective: To analyze the structure and metabolites of intestinal flora in patients with lupus neph-
ritis and healthy controls, and to explore the role of intestinal flora in the pathogenesis of LN. Me-
thods: 51 patients with systemic lupus erythematosus were divided into the lupus nephritis group
(group LN, n = 27) and the lupus non-glomerulonephritis group (group N-LN, n = 24), and 53
healthy volunteers were selected as the healthy control group (group H). Based on the Illumina-
MiSeq platform, the fecal samples of SLE patients and healthy controls were analyzed by Alpha di-
versity analysis, Beta diversity analysis and flora difference analysis at genus level. The blood In-
doxyl sulfate (IS) concentration in SLE patients and healthy controls was determined by ELISA
double antibody sandwich method. The correlation between the 24 h urinary protein quantifica-
tion and the blood IS concentration in LN patients was examined by the Pearson correlation test.
The best cutoffs for the blood IS concentration in predicting a 24 h urinary protein quantification
were determined with the receiver operating characteristic curve (ROC). Results: The blood IS
concentration and the content of fecal Faecalibacterium in group LN were significantly higher than
those in the healthy control group (P < 0.05). In patients with LN, the 24 h urinary protein quanti-
fication was positively correlated with the blood IS concentration (r = 0.86, P < 0.01). Conclusion:
The patients with lupus nephritis have intestinal flora imbalance, the content of fecal Faecalibac-
terium is significantly increased, and the blood IS concentration is abnormal, which may be in-
volved in the pathogenesis of LN.
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1. 5|8

ARG M PIIRIE (systemic lupus erythematosus, SLE) & —F LUK & H P2 L AFHMER = 98 5
GENEDI, ATRREES D MERGED DS, L 50%~70%H) SLE & &I FMESE, SLE
A RS 2 BUEE TS AN R [1]. RS & (lupus nephritis, LN)E & B2 RMERME XL XL L2,
MEER ERIR. MR A FRRER DR, Hrh DR EREHE W. ImAKR FEE L 24 h JREH
ERPHL LN B s M EARE . SLE MIRJK SitfE . MBI U, HATmBEAW, HiITFERK I
ER A ZRELTRES S T SLE BIRM[2]. Wi N K28 s, IEW O T ImEREHZE—En
E A AH B 2018 715 738 RS S TN S BORAS [3]. I8 R LU 00, R Bl R i i e B X R 28 T 2 3K
H & e M Bk A2 (4], HBURHLEI T R 5 i A P DA o .

I3 B FR 5| W 3 (Indoxyl sulfate, IS)A&—F B AT B (Faecalibacterium) &5 B AEAC I 7= A2 1 —Fh B (1 &5
GREVE T, FT DU i A SR O SOE BRI T I L N R, AT B (S ]. IS X
JIRE A5 28 B (AR R T R AT R S 2 — o {H LN B R 5 M35 IS R R BARER R R A
W . A EEEEHTT LN 85 5@ R AR E W82 R, /00 24 h JREAEES MG 1S WKE
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DN i)

IR Z, DAL 1S WREZS LN B8 BB E 2 W A5G, TN F3R LN Briia 748 s
SRR .

2. AREFZE
2.1. —fRER

4K 2018 4F 9 H % 2020 4F 10 A 7ET 877 17 32 B8 B W S e B 112 K b5 1697 I CLH 2 S8 K SLE
B, fEN SLE 4, it 5141, Frfs SLE B35 3455 35 B XIE 7 2% 2 (American Rheumatism Association
criteria, ARA)TE 1997 4EFHEIT I SLE 20 2454E[6], LN 53 [N B4 ik SLE 232851k B A DL — 3
PAERI: 1) BEAKR: >0.5 g24h; 2) F8. T4, MAEA. PRERSORSER: 3) BiGk: iF
SONRIEVEE 2, TR SRR A L B U 2 2/ I 3 2% 23 (ISN/RPS 43 J8hmifE) . NIk 24 h JREE A &
B >05g LN BEENRIENE S RADN 4, 27 6, B84, & 19, FHIER 36.11 £ 10.99 %
B TC ARG B 4 1) SLE B VE NG TC S R AL(N-LN 41, 24 ), 5 641, % 18 4, FII4F# 37.58 +
9.84 %, iR E IR EE X IR H 4, 53410), 51841, 2354, FIHFEE 37.96 £ 10.73 %,
e REX IR SLE 417E MR 4FH L2 RG22 (P > 0.05).

AT R BIRF A BB R L AT G B2 AR, FT A N R E F s R = 15

2.1.1. PNFRE

1) #F ARA f£ 1997 £F SLE 7 K2 Wibnife; 2) ik 18~60 % 3) A EIRBAEILHEEZA,
TOBE LR 4) ARESHA XGRS IR RGRIESCT R TIRERAAESS; 5) fERFERT, ZulEHFED
8 IR PUERM A A EIGIT: 6) TCRRIRIE 1.

2.1.2. HEBRARE

1) EAEHHT BRI BB s 2) IR SR 3) DIERERME < 15 ml/min; 4) &
B WER, AR, B A S H A 78 5 M AL G s 5) N B A AR A Sk b B R R el e
PEINHIFIZ; 6) R

2.2. A&
2.2.1. RGHNE S
g SLE & & A A T8 — R 7 M bt G, WES—KE 7 S35 RE 7 5K 24 7~

B R BT TR A S R, R A G L RIS 5 ml JRIGGE T38RI 2 FL B A R EE
5 24 /NI PRUS BT, BITEE] 24 N RE A B E.
2.2.2. #EEMNWESEEONE

KL FBEARAREE, 49 EE SLE AR X A ZEEREA, FIH Ilumina MiSeq “F- & %
FEA 16S tRNA H:FHF 51 V3~V4 538 X T PCR #7389 S0l 55, %t SLE ZHAMg B 6 I ZH#E4T Alpha £ 4
T3 HT. Beta ZREVEDHT, FHAEJRAKCE EXT SLE 415 i e %ot I8 2H 2808 b i AT o 10 & kAT 2= R 0¥ .
2.2.3. B§EE G E(ELISA)MIE I HEER 15| EEp

I3 AL SLE ZH AN i e %ot iR 2H 2 F bk ML 2 mil, B IS T EP & 7E—80°C UKAE AR AE o« 6K FH WL
PRIk, FER Iz UL

2.3. GiitFATE
KH SPSS20.0 #ATS 22007, TH & TR A Ebr i 2RI, H Pearson AT H KM Hr. P <0.05
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JRRE, A

RRERAG G2 L
3. 458
3.1. IREMERESBENRAERREEER

AW T OTU /KP4 SLE 20 Ag FEX B 417 Tllumna MiSeq 1 & HHT I8 R Alpha ZREE 47
F1 Beta ZHEVEMHT, R IL SLE 2H BB et FE X HE 41 Alpha £ FEME. Beta ZHEVERE FFE, Hr LN 45
XTI R N2, ERE ST #E (P <0.05). f£F 1K L, SLE 43@dh ERER 15 B
fe FEXT IR 4 .38 R BR(P < 0.05), #UFFEETTEE LFH(P <0.05), JEEEE /AWM BT 1(F/B)LL R BE TP <
0.05). 7EW B /KL, LN 300 OB B FLER A 18 45 & 2= R fa X HRZH R B (P < 0.05), 1T AT B
T ER A R S A R R R AL E TP < 0.05), DL 1. oA LN ZH 38 P i AT 5 101 R fg kT AL
# ETHP<0.01), WLE 2.

100% -

M Others
M Prevotella 9
80% + Escherichia-Shigella
B [Ruminococcus]_torques_group
60% - @ Dialister
B Megamonas
40% B Agathobacter
M Bifidobacterium
20% B Blautia
M Faecalibacterium
0% B Bacteroides
H LN NLN

Sample

Relative abundance (%)

Figure 1. Histogram of species distribution
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Figure 2. Histogram of faecalibacterium content dif-
ference, *: P <0.01

& 2. BHESEERHFRE, * P<0.01
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3.2. REHERESBRRIBAENLTE IS REFEER

LN 413 1S WER(100.56 + 18.57) pg/ml, FIETCE R A M IS WA H(17.13 £ 3.25) pg/ml, 1@
XA I IS WRFZER(11.06 +2.41) pg/ml. LN ZH I35 1S W EERIRETC T R4 . fHFET B 24138 B35 38 (P
<0.001). #BE—BXF LN 401 24 h JREE @ & 5 M35 1S IRFEEATHI 4T, KIL LN 4 24 h JREEH
SE B M 1S W 2 A S IEAH (- = 0.86, P< 0.01), BIf# LN 4 24 h JREEE BRI, HimFEh
IS W FEBE 2 FHm, WIE 3. HAHKRMET N Y =6.79 * X +26.28,

250+

200+

—_

W

(=]
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ST (pg/ml)
=
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24/ NI FRER I AE B (g)

Figure 3. Scatter diagram of correlation analysis

3. XM E

3.3. WRBRNSIVAER IR/ B R B ERY 24 h REBEEBKT

IS fE N WiiERR, 24 h IREEAEE AT KT 0.5 g B4R, 2] SLE 41/ ROC iz,
WK 4. GRER, MiE IS fZ N AUC = 0.755, Z2HifA Git2#m (P = 0.002). 8t E 6 H
BUREE + RS EE-DIFEASH, IS 1S 9 ROC 2k, A E S E HIEBURE N 0.778, RN 0.625
W, SAEL W FUE N 74 pg/ml. B4 1035 1S WKL 74 pg/ml B, AERF IO ME LN #1024 h JREE A%

K
Indoxyl sulfate (IS)
1.0
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1§
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Figure 4. ROC curve of serum IS
4. I3 IS B9 ROC hZk
A)
4. 1ig

FAT, E AN TEIIESE SLE &3 77 78 A [FIRE P Al B A SRR 7], v dig LRI P8 1 J B o A
FURT B LU ARL(F/BY FOBEAR (8] AT LR R, SLE 8 il i h BERR A FLAT 18 S 1 22, 1 9% IR 141 2
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P

Hl/éil\y

i A

FIR9]: FIA TR SLE S il i B v FLERAT B 35 A, B R BERRT I B 2 g n[10] [11].
JATE BB 2 FEIE N IE[12], BoiE e S A = 0 2R AL 13 I fd 4 B g% R0 BEVEIR, AT 80E &
FRERI R R G AL, SEEMEAMEL, SLE BHIEXUEATE . AR HSERE S E
BERD, MR, BEREBSEHS RS . Kb, LN 85 @2 e BUg R A BT
B, Hp A B B R IR W N, S R IRAT AT REH T A B A AR e S B, Rl it
HMEREZSE5 T A RER TS LN IR

—HLK, LN BRImHLERAR R R B GPURIIER T, SERMEM G S &R T 5 /MR,
ML 7 IL-17. IL-6. TNF vy 55 28RE R 11 BB WE 00 JR 3 2RE SSE[14] [15]. Tt s K8, ik
FET P AU I OL S5 a] A R R FE i 16], $enfAE Hffa S E IR & . 1S 2&—H
T EAR/NZ) 251 Da WIERASSRBRIERR[17], £HBFESER LR ERE Y18, BT
] 52388 3 X} i T v R P L BRI A T A A S 7 A M WS WSO N I, 7 R o 2 A A g 3-8 |
WAZTBTERCIS [19]. MLIE 1S WES B DIRe 2 AAHC, 2B DIREIER GO T, IiE IS F 2
B /INE WA R S BEPRVRHE s 4B IhRE R, SIRHEH I 1S B2 k>, A& K T IS 7R 1
A, HBNE T EERBRER]. EEKR, N IS SEEERNEEREEDMEK. BAAA,
137 1S A AT LA RT3k 28R 740 TL-6+ TL-17 31K S 8O NE R A 538 SO OB, 348 AT LUK A Y
TEHEEUKAT LRS], BRI SF 48 R B e, i S ECEIE RGN B R AT . LN fE A —ME
TR B IR, 8 5 BN RIRE B2 0 5 I i0i

AW AR I, LN B 554 e N i 30 T 7 1) 465 P R EL A A7 6 R [V RE 1 22 5, L M0 2 A v EL ) T B
MmEAEFELE BT, HE s 2R R, LN B miE e 1S KA E & 'L, LN B
24 h JRE A =S 1S IRE R IEASS, $27R 1S 55 LN [ AW 2 [0 ] BEA7/E Aok, 0 1S 5 LN
Wi tH AT REAETE BN SR I 06 R o — 7 T T LN S5 W 1 B B 0 2R 1, s i T v o= 1S I B SR 35 19
HEhN Y LIS IS B & & 5 —J71H, T LN A B A7 AR 1 B U e o P 3 S UM 1S HEH 2 BT & A,
E— B INEE 7 R 1 AN PR 2 B G

VAR, T it e A S AR = ) OB TR 22, R I 22 b i T T S AR 4 5 I e
VIR . AR, — 2 (TMAO)MIHE N B 208 I & A K Je I Tl AHOR[21] TMAO s&1E i
PN 22 i A R B O T 2B R AR = A, R SON I i T R R AU A 4 T 3 — P AR A K
TMAO, HEEPIEST SR B £ IEAC[22]. H FT H ke 4 g 67 [23] g AT 36 MR i [24], R FEE
1 5 i A R 2R LI T 3, AT DAPE — @ FR R LTI E B G2 R0 1) 0 B i T AR R o SRR g
R, YA ZR B3 AR P H P AN AT DL K AT i 23Rk 45 AR BUR R ARG, I8 wT A
TMAO [ %[25]. Wikoff 542t 1B B0 (10 718 W AEAR R =9 B SRR FIZR Z B2 [26]: Jones 7E1S M B JIE
o BE AR RIL T 4 R TERCE AR A IR &, i BA S REME[27]: B CRAEFHESY
ANERTEEAL B 18] 03 21 4E AL R AE FH 28] i Hhont HE P I 5k 7 2t P s 51 P 5 U A (100 B0 238 AH S Bk
[29]. IGPRIFC CVAUESE T B AT 5 1S Z (B SRICPE, T LN /BN BE ) —Ff, @it P SLE &3 1l
TEH IS HIVKEE, RIRERCAHE K TIPT B s LN B B R 3 1 — Ao 8y 7 F B Bl i 1S v Ld
AT TE R TR R M b T 2IERR[30] [31]. PIIEI 45 7 LN B2 LR Ehss
Vo A0 iz T R A B A S B T B AR, ANTTTIRD IS A5 B B i TE AR P AR R, T RS
FEZZ LN B35 B I 17 (1 3 g

5. f"RERE
H T S0 S PR B, ARSCIORT IS O P 5 S P IR G R R 0E AT, LR o 4t IS F 5 22 5%
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DN i)

PR - it e Arid, JLHERA L AR, (EBGIC S BEVE AR I 1S R EE M AR (E B #RAETT 8, PR m]
THPEEL . BeAh, ABPTCH LN BEREAEAR, HRE IMRAE IR IE ], 722 s KA
AERBATUESEHT T Kk, JATT B BOR LA 258 7533 R FEAS &, AN [ AR i T8 TR R A AR 7 0 £ L
H A, 3 T P R T R R AT ) R AR, NI R R B i RO SR R IR 9T R
o
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