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ELISA #H#m K R AR B 845 2 F-1 (KIM-1) F= ¥ 2 ok 4m e 9 Bk B 48 55 i R 32 8 & & (NGAL) K F; HE,
PAS.Masson # & MEFHRREF T KEXRKAHE AR, 16S rDNA LB F A0 mE AR, AT BH
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Changes in gut microbiota during diabetic nephropathy progression

based on 16S rDNA sequencing technology
GAO Qiaoying' \ZHANG Aimin'" ,GE Liziu' ,FANG Jie' \CHEN Minghui',JIA Xiaodong®
L1. Department of Laboratory Medicine , Tianjin Integrated Traditional Chinese and
Western Medicine Hospital (Nankai Hospital) , Tianjin 300100,China ;2. Tianjin
Jinyu Medical Laboratory Co. ,Ltd. ,Tianjin 300000,China ]

[Abstract] Objective To investigate changes in gut microbiota during diabetic nephropathy (DN) pro-
gression using 16S rDNA sequencing technology. Methods A total of 90 male SD rats were randomly divided
into a normal control group (n =10,no modeling,regular feeding) and a model group (diabetes model). The
diabetes model was established by a single intraperitoneal injection of streptozotocin (STZ) at 60 mg/kg,with
regular feeding. According to the feeding time after modeling, the rats were divided into 2-week, 4-week, 8-
week ,and 12-week model groups (fed for 2,4,8,and 12 weeks after model establishment) ,with 20 rats in each
group. Blood urea nitrogen (BUN) was measured using the urease method,serum creatinine (Scr) was deter-
mined by the picric acid method,and ELISA was used to detect urinary kidney injury molecule-1 (KIM-1) and
neutrophil gelatinase-associated lipocalin (NGAL) levels. HE,PAS,and Masson staining were used to observe
renal tissue pathological changes. Gut microbiota was collected from the rats,and 16S rDNA gene sequencing
was used to analyze the gut microbiota to understand changes in the gut microbiota. Results Compared with

the normal control group,the levels of KIM-1 and NGAL in urine of rats in all model groups were significantly
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increased (P <C0. 05). Pathological staining results showed that,compared with the normal control group,rats
in all model groups exhibited diffuse thickening of the glomerular basement membrane and pathological chan-
ges such as local necrosis and vacuolar degeneration in renal tubular epithelial cells. 16S rDNA sequencing re-
sults indicated that the abundance and structure of intestinal microbiota in rats of all model groups changed.
Compared with the normal control group,in the 8-week and 12-week model groups,the relative abundance of
Bacteroides and Akkermansia decreased, while the relative abundance of Roseburia, Alloprevotella, Prevotel-
laceae-Ga6Al,and Ruminococcaceae UCG-005 increased. Compared with the normal control group,in the 12-
week model group,the abundance of Akkermansia decreased and that of Prevotellaceae-NK3B31 increased.

Conclusion The abundance and structure of gut microbial community in DN rats under conventional feeding

at different time points change significantly,further confirming the “gut-kidney axis eory.
t diff tt ts ch ficantly, furth f the “gut-kid ” th
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B JR 9 "B 9 (diabetic nephropathy, DN) /& 12 4
"B 9% (chronic kidney disease, CKD) f—Flr, & 45 JK
o B i UL Ik DR O R RE 2 — o TR 3 BRI e 1Y
RN, 2017 EAERA 4. 25 L AL W B IR
5 TUTH B 2045 AEIEHEREIN 48961 . 1 BURE A (di-
abetes mellitus type 1, TIDM) 1 2 BIH# R 5 (diabe-
tes mellitus type 2, T2DM) #J 7] 8 i# J& & DN, & F
I PR I T2DM 3% He A Z . i T2DM & J& it DN
BEBL L BEREY . KZ DN B &R =V
LU IR TR T S A SR (v 7 N B
B, SRT DN Y & Az AL 1 R 958 4 B B O AE Ok
FEATE X TE AV ] 9 % DI 2R O B Rk O
SHR R XL 28 FLAE L g T O A A O LA e
A AES RS, 2 5HLIEY B RE & A, R
PERGA Y S E R A ARG S M A A 4y AL AT
VE S AN TR 92 55 S A B R 285 1) I B R 4, TX I DN 5 17
TH TR YOG RAEAFIR A ST, AT RE M Bl i DN 2 {1t
1) BRI FEE il T S 56 2 A
1 #MEFE
1.1 ##

8 JH JCH B R FAR G SD K RUIL 110 H, e, 1
H(1804-20) g, H Ut HE FLA: W) L e 0y A7 PR 2 il 42
HELE Y1 T UES SCXK (52) 2020-0004 ], KB H K
T P PR 45 A R B A I AE B 5T T S 5 3l ) v O )
FeRFE S RIE 20~24 C BE 404 ~60%, 8
WA 12 h ST, AHESE C ol A B A8 B 2 D 2y
HEAE (LS : NKYY-DWLL-2019-011)

1.2 #&k
1.2.1 pabg

K EBEBE DL Ry 1F % B2 O A, o R 5
n=10),2 w.4 w.8 w.12 w BRI (n=20),3L 5 &,
2wod w8 wil2 w BRI KA 5 ME B EE S 60

mg/kg Ik & B & (streptozotocin, STZ), T % 3.7
KGR B w8 IO I 0 10 o O R o S AR A S i )
FIWARYE . K B as I8 M o# >>16. 7 mmol/L, H AR £
R.ZE HEHEHRA, 2 wd w8 w12 w B
AR BT A A ) 5 SR P 3 ) Rk 43 I R 2048,
12 .

1.2.2 #AAARE

20 M0 T A R T . TR B kO SR AR K R
W3 500 r/min B0 B F T W R AR IE AL 2L, PBS
BRUE T3 —80 CURAF iR 4r A Z W EE & & , T
5 T BB 8 45 e A 2 B e AR . IR K R IE
Y. LA iz 8 AR .

1.2.3 FAZBEEA

HE 3o, A B 4181 52 24 h DL b, $% H5 %
BERE CBEK, W ARE, A, 4 pm JREY]
FL B IRR R YL 1 3 min, VBB, Sk L O 20V T Y
30 s, FEAE AL RE S B IBOK . W 2RE B, f s b
PR e F T L 7 v A o OB T LR A2

PAS Qe . 1 55 U1 7 47 Z W K kS 60 min, A
Y BT B i e LD Y 5 10 min, /K Pk, B IR CORE Rk
FD G 8 min, KB, K6 LB K, — HAE B,
PEA I J [

Masson ¢ (6, A MEY) -, — F 2K B % 60 min,
Weigert #kFR AR Z YL 0 8 min, 1 %5 Z BE4ME 10 s,
AKYE S min. (AL L0GL A 5 min. 2 00 DK R U %
1 min, B8RS W 434K 3 min, 2 % VKEEERPE 1 min,
RN WE VW 1 min, 2 70 KSR UE U 1 min, B B ZBER
K RS U] A e B, U R g L AR B
BN LS A S B R
1.2.4 B H4 A0

K FH TR Bt 325 U 2 1 JR %= A (blood urea nitrogen,
BUN) , 77 B 2 7 U 22 1 75 AL BF (serum creatinine,
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Scr) ., ELISA A6l FRE ' #2473 43 +-1 (kidney inju-
ry molecule-1, KIM-1) F1 Hvp4 47 20 it B e it AH OC A ot
12 3% % H (neutrophl celatinase associated lipocalin,
NGAL) K, EZA IR 100 pL Ff 5 8K [ B
B o A i L 36 EE RS 37 CEH
1 h; B AL EHEMA 100 pL A=W Z Atk TVEW . 37
CHEE 1 hy F WA EARE VRS 3 W &AL A 100
pL MRS E Y TAEW .37 CHEHE 30 min; =B YE% 5
U RALIMA 90 pL JE#, 37 CH#OGIEE 15 min; &
FLIMA 50 pL 2R, T 7E 45 FL 450 nm P AE WO
FELA o) JMH
1.2.5 16S rDNA £ E @l 5

Z: MR ) G Ul I 15 2 IR BRI G O 2 A A
DNA, ¥ DNA #2541 A 16S rDNA V3,V4(338~
806 bp) 51 ¥ J¥ %) (5'-ACT CCT ACG GGA GGC
AGC AG-3',5-GGA CTA CHV GGG TWT CTA
AT-3) 84T PCR 473 . PCR 4" 3 45 . 94 °C #i A bk
5 min; 94 ‘CZE Pk 30 5,50 Ci k 30 5,72 C ZEff 1
min,30 MEH ;72 °C 7 min. 1% BNGBEEE B UK 4y
YW E RS, IFalifk PCR =9, bt B4 R
BHE A R A MiSeq “F 5 3 o SCPEA & LI T |
BHE B Aok 4 B 45 RSB R RV 3 TR RE T AR AL
1.3 %itspam

R DRI e A5 380 (8 5080 ) o 7 O 2R AT 7 9 D4
J&i s &N 5BT e B AR =97 Y6 19 5 510 U Ay A [] ) 45
VE 43 25 B8 5T (operational taxonomic units, OTU), o %

2 wiRBILH
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P43 BT (Chaol #8 %KX . Shannon 850 F T M A )
il =F 5 BRI R 2 A o Chaol $5808CK U] E
¥ =F B %5 , Shannon $8 £ K 16 B B BE 2 £ P
BB ZREE S BT (PCoA . PCA) FH T A+ & 8
B AL P AR B 4 TR 22 5+ . PCoA L PCA 43 #7 AT B UL
B AEY B N A R R A 2 R, R
SPSS20. 0 F A i AT BUHE A A, iH BB DL 2 £ s R
N Z A R B R R 5 22 43 07, L P<<0. 05 2
ERE G EE L,
2 & R
2.1 XA KRG AR

DR 975 8 AL B ) 118 K R 2 2 R e bk R A T
BB , R BRL 25 I8 1 5 44 = 16. 7 mmol/L (&b T &5 i
WA B 2w AL, I Al B R 20 KRB Bl 22 R
2 REAN AR WK, 5 IEH X R4
LA R B BUN, Ser &R KIM-1 . NGAL 7k
TR LR 2w BRI Y Ser M R KIM-1,NGAL,
HRHEHERAGITFE L (P<<0.05), L% 1,
2.2 RAFMEREERT

HE.PAS.Masson 446 3 7~ , 1F H % B8 2H KBS
JINER KB /INAE TG B 0 B A 5 B 3 ) 97 B TR] ZE 4K
AR ZH KRR /INER 22 4 R AR L B /N BRI B R
BRI BN L R AN 2 A )R B IR BE L 2 i RE AR
PRSI A, BN BRI AR e B AR B, 2 T
Bk JE L, DL 1

4 wiRBYLH

¥4 3 v"’,*-', -
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o7 FE T EL T O D A ) B 4 AT I S R
A ) 2R L WL 2,

*®1 £ A AR BUN,Scr &R i& KIM-1 NGAL K FEE B (= £5)

2 5 n BUNC(mmol/L) Scr(pmol/L) JR KIM-1(pg/mlL) R NGAL(pg/ml)
1E X B4 10 6.3440. 40 65.1745. 41 26, 1444, 27 165. 3213, 77
2 w AL 4] 20 19.9143. 23" 75.74+8.93 30. 0144, 44 175.70+21. 81
4w BT 20 34.7143.13° 95.23411. 83" 44,7743, 25° 195. 05424, 32°
8 w Al 20 47.10+4. 06 109. 05+25. 65° 67.11+7.87" 289. 13425, 94°
12 w BRI 20 60.15+6. 72° 112. 43420. 64° 73.14+6.11° 312.66+27.10°
“P<0. 05, 5 1E# X 4L i,
® 2 0 @ 6 0 0 N ® T 2.3.3 A E A S HESAH

QO EHIEH; QD .2 whMA; @O 4 whHHA; DO .8 w
MERIZH s M Marker 2547 3@ 12 w R8I 20 ; NTC. TCRE B B4 .
& 2 R EIKE R

2.3.2 MiE B A OTU Z Venn B 5

FH Venn Bl Hr4- AR W OTU £om M HFp
KA XAEBL ., IEH XTI 2 w BRI 4 w A R4 .8
w R I ZH 12 w BERIZH OTU & 43 91 A 2 300,
1600,1 756,1 759.2 343 45 LR & 4k %M OTU
3 RIh 285.41,114.56.341 4~ 44 OTU Jy 647 4
(Venn A& 5 41464 OTU), WA 3. S5iE
O PR F L PR 12 w AR A, H Al A AR 2 K R
BREE OTU S (4% .

EERE

12 wiZBI4E

2 wiRBIH

8 wik#ieg

4 wiRBLE
& 3 KXRFEEHSEDN Venn 547

a ZREME T A R HoR 5 IEE X A 2 w.
4 w8 w A A B T RE R 2 A 1 B R
I, AR AT 0E 5 6 BRZH A A A 2H , 12 w B A 40
K Chaol FH(H Shannon F8 5 & , 281 4 KK
[ JE R R A 2 AR R L R 4, B 2 AR BT
ERER,EHEHAS 4 w.8 w12 wiERIZHHE
I RIS AR A 2 R W, U H 12 w i g
TEH N R BE B i, 2 N 22 5« DE 6 IR Th AR AR
(1] 1 2 A 0T 3 W RE AR ] ) A A 0 L 1L 205 g R o 2 3¢
s 22 TR/ 2 w8 w R Y ZH 21 PR AR i) BB AT
FWAREAS Z 1) 1) A6 00 A B 45 P AR RS IR, 4 w12
w AR 21 21 PN AR [ BB A G A0 L UL 5
2.3.4 M AR EM ST

TE o) B R 2% B A0 2 I A 3 13 A1),
R JEBER '] (Firmicutes) FI4LFF & ] (Bacteroidota)
UL 6., 5 IE 0 BRAH B, & 150 A0 20 1Y Jig 3 TR I 22
SRV 2 wod w8 w R R4 R RE B ] /ST B
I"J(Firmicutes/Bacteroidota, F/B) HefH F+ & . 11 12 w
R F/B LR RE AR, R B 12 w A5 70 41 98 i 1)
(Verrucomicrobiota) A X} 3= B B A%, 11 M 4% 4T 187 1]
(Desulfobacterota) #HXF £ BTt . MR IK P43 #r
25K B T8 A% O TR LA TR S R L FLAF TR R
(Lactobacillus) . B2 i J& (Lachnospiraceae) . 3 55 1k
B J& (Prevotellaceae) . #l #T # J& (Bacteroides) . & H
KB J& (Ruminococcus) . ¥ [C I J& (Roseburia) 4,
S5IE®EX AL ,8 w12 w B A #UFT H JE (Bac-
teroides) . 57 2 1F J& ( Akkermansia) A Xt 3= B [ AIC
8 w.12 w 1R 41 W' 1 J& (Roseburia) \ #1355 Ik 1 /&8
( Alloprevotella), ¥ F ik W J& ( Prevotellaceae-
Ga6AD) i B WA UCG-005 J@ Xt £ T m . 5iE
HO IR L, 12w BB 4 5 IR T 8 (Prevotel-
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laceae-NK3B31) A X} & B Ft &, b 72 & B ( Akker- mansia) A X 3 B FEAC, WLE 7,
- 6
2 000 :
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1 800 ﬂ
4
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. p_Firmicutes
0
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EEXRE 2 wiRBIH 4 wigBlzg

8 wiRBULE

12 witHlg . g_Lactobacil lus

B7 XEBERHBKTEMETL

3 i it

AR P T8 Bl A 0 T 2 RO TRD B ok A 0 T R AL
AR 250, FEH 29 1 000 AN A [R]Fh 2 1 4H 1 41,
EATRE IS IR BRI Ak Al 5 g S o
XL I] A8 9 AH B A AR 2 1k R 38 I . 72 7 A 7 R R 6
FT B R R 0 i T8 5 B ) BE 2 00N A B B
() P EE 2RI = Wm0 k4 B R E T 30 T RE
P51 Bt A B T R R O R
BT R ok TH L H 6 T i LR A B Y BF 5T
— LR AR B SR R 1k 25 AR, ARk B 2 v
D B AR )32 L S BTE f A AS B B — L R
o4 LA ) o Br . ARBEFEER X 16S rDNA () V3,
V4 KBTS 9 9 3547 T W 38 A= 9 1 1 i 3 )
P45 iR DN R B . il @it k4 T
AR BN B 38 B R R R 45 A AR 7E DN kA&
J L B R i LA

AWEFEH K Z DN g Py R[] 3l o 44 3 A [R]
A [E) 45 05 A9 DNK RRABEAY , T RE AT 4L A28 DN & it
B AHIEFE b, 45 41 R A Zh W 2 AT B PR 1 i IR 2
PR, TRk A R I 5 55 4 T O O A 0 K R I e e
EAEEE ARG ER, EENRE.2 w.d w.8 w
R0 20 K R 3 A R R L £ R R A OE R X IR 4L I
REA FL A B &5 40 2 B B e A . X 5 38 o F 9 45 SR
AL, SR, 12 w4 R U R £
R A R A AR A S T A T o A I ok e G R
VR A B, — SR o R TR A K, BT G
TENRR TR, XA 2 5 7E PCoA fl PCA 41
Mroh A R, 12 w B B 20 5 1E 0 I8 20 15 B e
HNZEST BT, 2 w.8 w B RIZH 21 N RE I A
2 S0 235 K FELARL B AR, T 2 38 I F 9 A AR 2 f 1 DX
Fofr 21 PN 25 55, {68 4 ) b A W o g

HRTIA F/B ECAE 38 2 B fele otk o e 220
TR ALY B F/B HAEA X FE  F/B HOAE B 2l 28

ATREARFBROIRES . LT #F 58 %W DN /N F/B
FUAE T B X S5 A ST 12 w5578 4 110 46 D0 &5 SR A TRD
M52 w4 w.8 w BERIZEBURTE AT LB IR 28 A
AEAAR Y F/B HoAE R FIWT . Bl o &2 T 2 2004 4F i fif
= Wageningen M FHE BN FEME 23 B R 89 . A 0T
G4 BB e 2 T T WD R A s R D BRI K
U R B MU AR IR S Dy i o E R 2 m
RGP AT 598 8 WA UCG-005 J&8 FF 5 40 3¢, i
CTRER 225 vh 5w UL IR vhy 400 TP i ) 2R 4 O 0T TR
LU %" &8, 5 gl B 20 K B LG 52, DN 41K Bl
EEAEH MK ORI R . R AN 8 w,
12 w55 AU 20 B o 2 TR J AH X R R R O R
UCG-005 J& X 4= B T, X 2 5 1 iR B 50 45 21 A B
RE.

AR R W] L R FH P IR 2% ik ] B DX ¥ (internal-
ly transcribed spacer,1TS) if i B B AC i 78 75 £ AL
RS A A 4E b B AR i T R Y S AR M R
WA U5 U P o J) vy D 4 o, G o 8 0 R (Fu-
sarium) EL I A G838 A8 52 0 1 5 B i | 2k R A A BIL
T2 2 AT 0 7K S DR L1 R 5 3R A5 32 A g% . DT
e B R AEH . H AT T DN 18 B i K
2 Jmy B T g 188 4 1R J2 1 L 38 2 e 02 B G T R Y
HEHWER S HH S DN R F5EE D,

25 b Tk AN TR 4 5 ] DN R B
TR L i B R B B T = B A5 4 1 el L R T B
22 FE 1 O IR ARG R 28 TR A 2 B 8 Al U 8 w12
w LR AL, 40 A TR B B B R UCG-005 J& F B
Thim . DN % A 40) 99 1 38 T R 9 78 S 1 LU S 30 B R
WG 70 CANFE B R 2 A B T B DN 1Y & 2
R E L T W 8 TR R R AR A BT
DN #y & HLHIF 52, 39122 R DN R By ¥ $2 ik — 26 7
wEL
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