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HFL B A IgAN & MN & 937188 145K, 5 A %5 A IgAN 4F MN 40, IKERE T S EA
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vs. 4%% 18.3% vs. 5%; /KT E IgAN LA K AT H - & KE Ao B AT B F B 2 E 38 m(14.1% vs.
2.1%%2 17.5% vs. 4.7%), w1 ZAFH B (11% vs. 20.5%). 04T 8B /& (8.0% vs. 21%). B £ A0 /& (1.8% vs.
8.0%)F E &Mk, Lkt a4ark, /KF E MN 69 E M E 11F 38 Im(20% vs. 4%) kP b
MN 28 8352 2 - £ K H (13.8% vs. 2.1%)F Z 38 n, o S AT H /& (3.2% vs. 4.7%) ZA4FH /& (18%
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Intestinal microflora changes in patients with immunoglobulin
A nephropathy and membranous nephropathy

ZHAO Juan™, MA Zhigang”, HUANG Wenhui', LI Yingping', LI Xiaoli"', QI Xueting',
QIAN Rui'

1 Gansu Provincial Hospital, Lanzhou 730000, Gansu, China
2 The Second Affiliated Hospital, the University of Hong Kong, Shenzhen 518000, Guangdong, China

Abstract: [Background] There is increasing evidence that intestinal imbalance is associated
with immune-mediated disease. However, the mechanistic link between intestinal flora and
immune-mediated kidney disease remains unclear. [Objective] To compare the intestinal flora
by using high throughput 16S ribosomal RNA (rRNA) gene sequencing between patients with
immunoglobulin A nephropathy (IgAN) and membranous nephropathy (MN) and healthy
people. [Methods] Fresh fecal samples from patients with [gAN and MN who underwent renal
biopsy in the Department of Nephrology of Gansu Provincial Hospital from September 2020 to
December 2021 were retrospectively selected and divided into an IgAN group and a MN group,
and the fecal samples from healthy people in the physical examination center were collected as a
healthy control group, with 10 cases in each group. The 16S rRNA gene V3—V4 region of all
bacteria in fecal samples was sequenced by high-throughput sequencing technology, and then
biodiversity analysis was performed, including operational taxonomic units (OTU) analysis,
species classification analysis, alpha diversity analysis, beta diversity analysis, etc., to compare
the intestinal flora differences among the three groups. [Results] As compared with the healthy
control group, Proteobacteria and Actinobacteria at phylum level in the IgAN group were
significantly increased (18% vs. 4% and 18.3% vs. 5%, respectively). The abundance of
Escherichia-Shigella and Bifidobacterium at genus level was significantly higher in the IgAN
group (14.1% vs. 2.1% and 17.5% vs. 4.7%, respectively), while the abundance of Faecalibacterium
(11% vs. 20.5%), Bacteroides (8.0% vs. 21%), and Megomonas (1.8% vs. 8.0%) was significantly
lower. The abundance of Proteobacteria at phylum level increased in the MN group as compared
with the healthy control group (20% vs. 4%). At genus level, the abundance of Escherich-Shigella
increased in the MN group (13.8% vs 2.1%), the abundance of Bifidobacteria (3.2% vs. 4.7%),
Faecalibacterium (18% vs. 20.5%), Bacteroides (14.3% vs. 21%), and Megomonas (1% vs. 8%)
decreased. Alpha diversity analysis showed that the richness index of the I[gAN and MN groups
was lower than that of the healthy control group, and the diversity index was higher than that of
the healthy control group. Principal coordinates analysis (PCoA) showed statistically significant
differences in the composition of intestinal flora between the IgAN group and the healthy control
group (ANOISM, R=0.19, P=0.013). There were differences in the composition of intestinal
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flora between the MN group and the healthy control group, but the results were not statistically
significant (ANOISM, R=0.08, P=0.08). Linear discriminant analysis (LDA) for differential
contribution revealed that 14 species had significant differences among the three groups.
[Conclusion] The intestinal microbiome characteristics of patients with IgAN and MN are

different from those of healthy people.

Keywords: immunoglobulin A nephropathy; membranous nephropathy; intestinal flora; 16S rRNA
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NEWIER R — DR ME S REE, A
ICREFNIIE b e e 5 , i HL20 5 18 32 2 10]
A LAAHELARE L, A 5 IO 2 5 0 97 A JR 4 |
B IR OBCFIAT | S 120 i 43 4 v e )
ERM, IEWTESLT, i iR A AR L 5
AR, AHERN  AHEHZY, FTRC
] Re 2 i B b BB S SN I R A A
BAFSEHRE I, Bl A 2 ) 3 o<1 - i A
SR, BT LA TR AESS G K S RE B U 5 1 e
R e R S R IR AR

IgA & %% (immunoglobulin A nephropathy,
IgAN)JE: H B3R A 3 i B — R UM /R
B, 2NN R 1Y 36.9%45.3%,
A2 RO, H SRR = A R
M Al (immunoglobulin A1, IgA1)k T A
BREE I7E B/ NER R X TR i3 Bt s DT R 14
2k A ] AiE i3 B Z i (lipopolysaccharides, LPS)H
W, HEANEER T LPS JKSF-, 1T 3 2 A
Ik B 21 2 (mucosal-associated lymphoidtissue,
MALT), fHLALE T IR SRS, Ak
AL IgAL, TR R 2 S YU T/
BRARBEX, 320 IgAN BYEAz, DRIHCHEDI 18 7
FEIIIAE TgAN B9 b ke 25 s A

TP B (membranous nephropathy, MN) /&
SN B RS kR WA A, S —Fh UE
ANERE 20 TS R B R ) B S BUARE IR S R
RSk A B S PR , O FE R B /N sk
JIEJZ bR 40T R i i e e S Ui . A 0F
FEVRI, Ay MN B LR A AAZERR B4R i

1% 145 M (ovine serum albumin, BSA), HFER4>
RIS AT BB A A LR Y i R0 B 5 B I AT A
I, B 2R R B BB 7 1 2R 1L L S
/N BR FE JiE I (glomerular basement membrane,
GBM) Bt L i il gl &, IR iy 2
A8, FEMN BEAN, Bl MN BE
FETEG R it , ARG S MN
IRIRRFR, it — PRI,

ASBFFEE T 16S rRNA FE PN 75 A X 9
B SRR IE R T IUEL, 1T IgAN
M MN HEEWIERRRZ, KI5 R
KB e, LIS IgAN I MN ) L
HZW NG r IR LR

1 HRE5rE

1.1 IeARSER

VEI 2020 4E 9 2021 4F 12 A #AmE7EH A
AN REEBEE WRHMERE I 6128 IgAN K MN 1y
BEA 10 6], S IE F X IEZH 10 1] 8 A bR
(1) LB HLREIIER R IgAN MN 35 (2) 4F
1% 15-75 %, PERIAER; (3) I HHAR AR AR B i
RO IIHIR; (@) EITE E R R (f
BI IPIGE K B A s (5) RFERT 2 A
WA IR ST R ek gs A oSS E S HIR; (6) HIR
SINAM R I BRAEREA. HEBRbnE: 4RI
INT 18 BEKT 75 B E; AR RNE B ERS &
HOLFEHERIG BN . REVEL B 5 . il
PSR . RSN EEACHE B R . B IERM
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FEASYE | BB BN AE) s A A B
TRAERT 2 AN IR BT R B A n S ik
AW RAERT 2 A NA TS S S B
1.2 EERFIANEE

CTAB 2L, KIS W] ; Lysozyme
W AW . RNA (MLl , Tiangen /A H];
Phusion” High-Fidelity PCR Master Mix with GC
Buffer. Phusion” High-Fidelity DNA polymerase,
New England Biolabs A H]; #R4LIR &,
Qiagen AN Fl; 5|, LiBERG BV EERHA
FRZS F)6 . BB PCR X BE AR AY , Bio-Rad
Al BUKAL, bR —E R A BR A E
Y66 T, Thermofisher 23 ] ; MiSeq M
P2, Ilumina 23 ) .

1.3 #ARRE N DNA £H

BEABLHIZIG , TER G WA TT IR A2
fEbRAS, JF T AR AR (X IR ZE AR A, B
BUg R 1 YO B SR Az 5 g, 1%
THRE T ST, %57 BliE T-80 °C
UKFE R . R CTAB HARBUREAS DNA,
K DNA B EEFIZERE , ARHEVRIE, FHJCE K
T BeFEZAS DNA % 1 pg/uL.

1.4 PCR ¥ 1%

{8 47 barcode HIFESFPES ) 341F (5-CCT
ACGGGNGGCWGCAG-3)#i1 805R (5'-GACTAC
HVGGGTATCTAATCC-3'), Phusion® High-Fidelity
PCR Master Mix with GC Buffer £l =34 = 15 ELfif
PCR #"4% 16S rRNA J:[H V3-V4 X, PCR JZ )i
A Z (50 uL): 10xKOD buffer 15 pL, dNTPs
(2.5 mmol/L) 5 uL, 1E. S 514)(6 pmol/L)%%
1.5 uL, KOD E-AT#(5 U/uL) 1 uL, #H DNA
(ng/uL) 10 uL, ddH,O %b & 50 pL. PCR )
21F:98°C305;98°C105s,50°C30s, 72 °C
30s, 335 4FF; 72 °C 10 min,

1.5 REMSHEMEEMNF
J&F Ilumina Nova | FF &7, 4%

PCR-free S, SRJ5 TR bii(paired-end)ill ¥
X reads BfE , I REAE TS 83 346 4% tags,
St O3] 76 167 AN, g
BB RIS 51 156, FifEA SRR 61.33%. LA
97% i) — B M (identity) #5741 5 38 1y 43 6 48
£ 57T (operational taxonomic units, OTU), 75
#) 937 4~ OTU, f# H Silval38 Hii&ExF OTU ¥
GIEAT IR RE . ERA R T, B 584 A
(62.33%) OTU {FRH|EAKF-. RIEHFh T B
o, BT o ZFEME . B AR ITLL A
[ P 22 5 04 LU, 7 AN TR Ah P sl PR %
SERE I 25 SRR o
1.6 Lit=EaNHh

K FH SPSS 19.0 Fll R-2.15.3 X} SZ 5684k EA T
LT IES ARV X £SD 3R,
KR T 2208, R ELBCR A i/ i 2
72 57 (least significant difference, LSD)K; %, JF
IEA P ATGORHEA TR i, St R IR S0 A 58
RGBT I 22538 s AL R) E SR F W ik 37 e AR
t K, ARIESH A GORER HAES B 5 11K
TR (%) ER, RARIKE; PCoA 4
1178 ANOISM; K gk ifE P=0.05,

2 ER5H

2.1 I&RIEFREEES

FATIAZET 10 1 IgAN HHEZH . 10 i) MN
RN 10 BT BRAL, I R 4 B
K2 Wi o BEE 5 e R R 22 (8] A A% | k3 A
BiK i E 5 8(body mass index, BMI)AHICHL,
IgAN 41 B B I35 WL S LT 1gA 7K P v Tk
JFREXTREZH , AR AR KA T e B2
MN 20 58 35 14 M3 85 1 AT B S AL T fid B vt
HEZH, 60%M MN ZH /535 s 5t PLA2R $iikfH
P 5 IgAN I MN 41 24 h JR 8 i TR HE A,
JEH MN 288 8. (3% 1)
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F 1 IgAN 2H. MN 20 Ff R xt BR 4R 1Y I R 45 5
Table 1

General data of [gAN, MN and healthy control group

Items IgAN (n=10) NC (n=10) t/f’/W P MN (n=10) NC @®=10) /W P
Age (year) 39.50£8.07  41.30£10.17 —0.438 0.666 50.10+8.17  41.30£10.17 1.790  0.090
Sex (male/female) 6/4 713 0220 0.639 5/5 73 0.833  0.650
BMI (kg/m?) 23.2842.65  19.96£6.52 1493  0.153 22.08+2.72  19.96£6.52  0.950  0.355
Cr (pmol/L) 81.97449.31  61.60£6.50  83.500 0.104 69.97+17.77 61.60+6.50 1399  0.179
IgA (g/L) 4.09+0.97 1.39+0.42 8.047  0.000 - - - -
C3 (g/L) 0.96+0.17 1.26+0.11 -4.497 0.000 - - - -
Proteinuria (g/24 h) 2.08+1.73 0.079+0.034 55.000 0.000 4.15+2.19 0.079+0.034 5.862  0.000
ALB (g/L) 35.73£6.62  45.79£1.45  —4.689 0.000 27.43+6.83  45.79+1.45 -8.322 0.000
eGFR (mL/(min-1.73 m?)) 99.61£10.47  107.86+3.33 -2.376 0.029 45.79£1.45  107.86+3.33 —1.553 0.138
Anti-PLA2R - - - 6 (60%) 0 (0) - -

antibody positivity (RU/mL)

(R CRRISIHE; o H RIS W R S HRR IS I (S TR BORRA « foke; JFiE
AATVORRAFE S BOG R FHEGORRA R is — KR

t represents the statistical value of 7 test; x2 represents the statistical value of chi-square test; W represents the statistical value of

nonparametric test. 7-test is used for the measurement data of normal distribution; nonparametric test is used for the non-normal

distribution data; Chi-square test is used for the counting data; —: Not detected.

2.2 MFEERYHITRE

W SERE Silval38 R T IR R,
XA RZR G R KBIAT 937 4> OTU,
Hrp, BEEERBIEIEER OTU B HK 927
(98.93%), B FIKF-HILLHIN 98.93%, 1]
IR 92.42% , /K (R HL9 R 92.32%,
HKSER B R 90.72% , Bl K 1 B il Ky
83.24%, JE/AKFILLHEIH 62.33%, FiKF-1Y Ll
420.17, 3 A3 OTU A 456 4>, Hp 54 4
J& TgAN 4 A ME—Y, 106 )& MN 4/ 54
SEPERY, WA 1 PR, X ERE IgAN HEH
MN 20 f8. 35 19 Ji7 3 DA 93 A 3 A e o) B AH A T
AN,
23 MEERESFME

FETTK b, 3 Al G PR DA RE TR ]
(Firmicutes) . “EIL [ 1 (Proteobacteria) . WL
II(Actinobacteria) . WIAFE[](Bacteroidetes) . Y
TR 1(Verrucomicrobia)y b ¥ 5 #EJ& KL AL
Sy P R K W FF T 3 R IR & (Escherichia-
Shigella) . XU KT J& (Bifidobacterium) . ZEFT 1A

J& (Faecalibacterium) . LFT 1 J& (Bacteroides) VA
K E UL B & (Megamonas) (K 2). 58X A
AL, TgAN HAET TR b, 2SI w1 Ak
BT EE BB 380, 390 EE R D 45.0% A1
36.6%; 1E & K- b IR B - 25 90 R G AU AT

IgAN MN

192
54 106

49

NC

1 IgAN 2H. MN ¢EFMERXTEBLE OTU %
EE

Figure 1 Venn diagram of OTU in IgAN group,
MN group and healthy control group.
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A
1.00
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0.50

Relative abundance
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IgAN MN
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0.75 | --- S - - - - - - - - SR - - -

0.50

Relative abundance

0.25

0.00
IgAN MN

Group

2 VK FA)RBKFE®B) LEEFENFEELRE

Others

B Deferribacteres
Nitrospirota

B Campilobacterota

B Fusobacteriota
Unidentified Bacteria

. B Verrucomicrobiota
Bacteroidota

B Actinobacteriota

B Proteobacteria

- B Firmicutes

NC

______ e Others

B Dialister
Veillonella

B Agathobacter

B Megasphaera
Prevotella

B Megamonas
Bacteroides

B Faecalibacterium

B Bifidobacterium

B Escherichia-Shigella

NC

Figure 2 Comparison of relative abundance of phylum (A) and genus (B).

R B L BN LR A 67.1%F1 37.2%,
MZEFF R . BT B8 A B B 8 = BRI
FEAR EL R0 18.6% . 26.2%F1 44.0%. S
X BEZHAR L, MN 2078 TKF EARTE B ) 3 1

B, BEATEER R (50%) 5 B A BRI -
IR FEERG N, AR 65.7%; TAUSAT A
J& . FEFFRRE . ST BB A E R P R R AR,
FEAR LR B0 14.6% . 11.3%., 14.7%7H1 80.0%.
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24 o ZHEMESH

o ZHEEESITEE R BN, FRALEE S
BTl B BT, ZRE e B0 TR R
ZH . YIRPBOIE IgAN FIl MN FigH A LA B2 5
(P=0.017 3<0.05), JFSHIPIFPEAE IgAN FINC,
MN Fl NC P[] JC i 3 25 57(P>0.05).  Shannon
FEEUE IgAN 1 MN | IgAN F1 NC, MN FI NC
ZH[B] TG i 35 22 5+ (P>0.05) ., Simpson f§%(7E IgAN
1 MN . IgAN F1 NC, MN 1 NC Pi¢HIA] G g &2
5:(P>0.05). Chaol 7£ IgAN 1 MN Wit [a] HA
25 5(P=0.042 2<0.05), 1 IgAN #I NC. MN 7
NC BRI TC .35 22 5:(P>0.05) . AT REAR IR
Mk FEIRE A T, RN IRE
AT AT M s i i gL 3A, 35 2).

A B *
500 .
5 -
5
£ 400 L
8
2
¢ 300 | e
—_— —
—OD 200 L -
[gAN MN NC
Group

2.5 IgAN4H. MN 4H K i B3I B 4H LEfSe
vk il

WIEXT IgAN 4H . MN 41 &% NC k7254
T30 5173 HF(LDA effect size, LEfSe), LDA {E
(LDA score)>4 [RAFLEA 14 4>, 7F IgAN 242z
JE TR (Proteobacteria) . WitT(Enterobacteraies)
v- I8 A= 4 1 (Gammaproteobacteria) . B ¥ # Ft
(Enterobcteriaceae) N7% 5t 18 J& o TE MN 2 Hi 2R 4]
J& (Actinobcteriota) . YT I (Bifidobacteriaies) |
KB #F 1 Bl (Bifidobacteriaceae) . ¥, ¥F 1 J&
(Bifidobacterium) . JWZk & (Actinobacteria) . KM
FF 1 - 75 B8 [ (Escherichia-Shigella) . K FF A
(Escherichia coli). X HT I# (Bifidobacterium
longum) W2z 5 w)E, ZRBAGT R L (E 4),

B -
55 : -
50+ cam— [ ]
£ 4510 - : —
g . - -
=) am—
8§ 40t
173 -
35¢
301 |
[gAN MN NC
Group

3 Observed-species 35 #{(A) & Shannon 5 #{(B)¢H 8] = 7 Z ¥ E
Figure 3 Bee colony diagram of Observed-species index (A) and Shannon index (B). * indicates significant
difference between the two groups (P<0.05), and ** indicates extremely significant difference between the

two groups (P<0.01).

#F2 IgAN4H. MN ARERMBAMN o ZHEES (X £SD)
Table 2 Alpha diversity analysis of [gAN group, MN group and healthy control group

Group Observed-species index Shannon index Simpson index Chaol index
IgAN (n=10) 267.30+117.890 4.25+0.85 0.85+0.08 274.28+1.50
MN (n=10) 378.90+105.378 4.84+0.86 0.87+0.09 412.48+1.41
NC (n=15) 310.70+104.830 4.72+0.55 0.89+0.05 310.38+1.22
F value 4.126 1.694 0.719 4.059
P value 0.027 0.203 0.496 0.029

Chaol Al Observed $5 55 WL Fl=E & B ; Shannon A1 Simpson $i5 B WLy 26

Chaol and Observed-index reflect species richness; Shannon and Simpson indices reflect species diversity.
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B [gAN

s Bacteroides uniformis
k_ Bacteria
p__Proteobacteria

o__ Enterobacterales

¢ Gammaproteobacteria
f Enterobacteriaceae
p__Actinobacteriota

o__ Bifidobacteriales

f _ Bifidobacteriaceae

g_ Bifidobacterium

¢ Actinobacteria

g Escherichia_shigella
s Escherichia coli

s Bifidobacterium_longum

4 LDA ESHHERKE
Figure 4 Histogram of LDA value distribution.

2.6 P EHEMSH
F£F Unweighted UniFrac 25K 17 PCoA

IR, AEFREE R LB, 1gAN 415 @) R4
ZHmEEFEHRES BARITEE X
(ANOISM, R=0.19, P=0.013), MN ZH Ffdt 5 I8
A B BT 25 5 B8 SRR B A Gt
= SL(ANOISM, R=0.08, P=0.08) (&l 5).
2.7 IgAN A% MN HEEWEREIE
EEFSInAIEFRRVME X

K Pearson AHEoHTikiE—2 AL IgAN
HA MN 4 EBHHA B EES N pE RS
Il R BR A M . 2B KT L, RIGHFF B2
#JE 5 24 h JREF(P=0.001 9)EIFHX, Sifl
B HEEF1(P=0.003 8)& A ; U5 24 h
FRAEI(P=0.016)FIILHG IgA (P=0.004)% iFAHX;
WA 8 5 B /N BR JE i 2K (estimated  glomerular
filtration rate, eGFR) (P=0.047)% [E A5, 1 5 1L
H IgA (P=0.022)R A ; S5 miE A

B MN

I NC

LDA score (log,,)

FHH(P=0.044) . IMALEF(P=0.036) MK, 5
BMI (P=0.005)% A1, MN ZH R MAT i i By
HJE 5 24 h IREE1(P=0.002 5% 1FAHX, Sif
THHEEAP=0.005 9)EMAHK; ERMEIE S
24 h JREF(P=0.049) 2 A &; EERAELY
PLA2R (P=0.088)% i A1 5% (& 6).

PCoA - PC1 vs. PC2

03 R
0.2} .-
S ol
2 - IgAN
5 00Fe . « MN
S . + NC
-0.1 R
-0.2 + s
-0.4 -0.2 0.0 0.2

PC1 (24.66%)

5 JENAX UniFrac B8 A PCoA S 4f
Figure 5 Unweighted UniFrac PCoA analysis.
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Age (year) - * Corr1 0
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Cr (umol/L) + * 0.0
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I n 838 N8 N
TiisiTsise
2558858858
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SESRPSEERT
S92/ I X R
£3FF= &
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&

6 IgAN4HK MN HEBEFERERSIRAKIEIRH Pearson 18X 14 5347

B
¢ Corr
Age (year) | *
m 10
BMI (kg/m?) t 05
Cr (umol/L) + 0.0
Proteinuria (g/24 h) * - -0.5
ALB (g/L) -1.0
eGFR (mL/(min-1.73 m?)) |
Anti-PLA2R antibody | .
positivity (RU/mL) é S S g; .@é S;{é 5
TITTITSINE
FISSSSS88E
w QU RSO R
TSS T R ISSERA
S -g QLIS O~ I
SS9 2@
R % 3 <
e
=

A TEJEKF I IgAN 4

H B RS I RIE ARG Pearson AHSCIEMHT. B: fEJ@KF E MN ZH 35 Ml 38 1 1 5 W PR 45 A 1

Pearson FH &M 43 #r. *: P<0.05

Figure 6 Pearson correlation analysis of intestinal microbiota and clinical indicators in IgAN and MN
patients. A: Pearson correlation analysis between intestinal microbiota and clinical indicators in IgAN
patients at genus level. B: Pearson correlation analysis between intestinal microbiota and clinical indicators

in MN patients at the genus level. *: P<0.05.
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