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Protective mechanism of RNA binding protein LIN28 on diabetic nephropathy
WANG Yan-li, LI Yan, YE Fang, SUN Yan, HOU Jun-xia, CHENG Jie-ping, Al Bi-ban, LI Jin-feng, ZHANG Xin-ju
(Department of Endocrinology, Xinjiang Production and Construction Corps Hospital, Urumgqi Xinjiang 830002, China)

Abstract: Objective To explore the protective mechanism of RNA binding protein LIN28 on diabetic nephropathy (DN). Methods
LIN28 was overexpressed or knocked down by adenovirus in HEK 293T cells. The gene and functional signaling pathway significantly
changed after overexpression of LIN28 were obtained through RNA Seq transcriptome sequencing and bioinformatics analysis. HEK 293T
cells were divided into the Control group, the Treatment group, the Adv-LIN28-OE+D-ribose group and the Adv-LIN28-NC+D-ribose group
in in vitro LIN28 overexpression studies. And HEK 293T cells were divided into the Control group, the Treatment group, the Adv-shRNA
LIN28+D-ribose group and the Adv-shRNA NT+D-ribose group in in vitro LIN28 knockdown studies. ELISA was used to detect the levels of
human advanced glycation end products (AGEs) of cells supernatants in the above groups. Western blot was used to detect the expression
levels of RAGE, NF-kB and MMP-2 of cells in the above groups. Results = The results of RNA-Seq transcriptome sequencing, GO analysis
and KEGG analysis showed that overexpression of LIN28 resulted in a significant down-regulation of AGE-RAGE signaling pathway in HEK
293T cells (P<0.05). The results of ELISA showed that compared with the Control group, the cell in the Treatment group produced a large
amount of AGEs (P<0.05) ; compared with the Treatment group, the AGEs level of cells in the Adv-LIN28-OE+D-ribose group was
significantly decreased (P<0.05), while the AGEs level of cells in the Adv-shRNA LIN28+D-ribose group was increased (P>0. 05). The
results of Western blot showed that compared with the Control group, the expression levels of RAGE, NF-kB and MMP-2 of cells in the
Treatment group were significantly increased (P<0.05) ; compared with the Treatment group, the expression levels of RAGE, NF-kB and
MMP-2 of cells in the Adv-LIN28-OE+D-ribose group were significantly decreased (P<0. 05), while the expression levels of RAGE, NF-kB
and MMP-2 of cells in the Adv-shRNA LIN28+D-ribose group were significantly increased (P>0.05). Conclusion Overexpression of
LIN28 by adenovirus at the cellular level in vitro can lead to significant differential expression of thousands of genes. In particular, it can
inhibit the diabetes and complications-related AGE-RAGE signaling pathway, which is critical in the progression of DN disease, and play a
role in protecting DN.
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W R I3 () R AIE 2 Fl 12 2R A Bl B 9 5% 2R A FH ik
A B P A T B0 18 v B A ERIE N
B 160 J7 NSET RIS, A # it 4. 224 NHBA
2 U FR 9% (type 2 diabetes mellitus, T2DM)®¥, T2DM
4 AN AR 5 XL PR 28 B i A A v o0 D T 0 8k
LN = (AN = R R R i T 8 T Ll =]
(diabetic nephropathy, DN) 218 M B it 22 I, =
MRS B 1) & A e s DA e,

RNA %54 % 1 (RNA binding proteins , RBPs) % 3
DR 2 18 TG S e PR 78 B G EE Y, RNA 2015 AR ] Y
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L1 ittt

DNA fiff I (41t 5 :10553214) . D- ¥ 4% (it 5 .
V37891235) Mg [ 3% [ Sigma-Aldrich 2 7] . pADV-
mCMV-EGFP-3xFLAG W [ |- ¥ FI A= M) A FR 2> 7] .
KCTM Stranded mRNA Library Prep Kit for Illumina ( 4t
5:203341256) 14 H 2 [¥] ABclonal 23 w] o A M S04 2k
b 28K 7= ¥ (advanced glycation end products, AGEs)
ELISA M 5 1257 & (L5 : J-3154398730) 9 H VT
FAEABRA A, AT R AL R W 32 A
(receptor of advanced glycation endproducts, RAGE) .4
(#it5 : E352117109) . # A ¥ kB (nuclear factor kappa-
B, NF-kB) ¥t (L5 : E3814238961) Ik i 4> & 2K 11 ily
(matrix metalloproteinase, MMP) -2 H¥. $it ( it 5 .
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J91:1500,1:2000,1:2000,1:2 0003 L1 4 % TG
(H+L) HRP — 31 (1t 5 : 7-G354623 ) W [ BN BE R 1y
AR, TAEHHE A 1:10 000, RNA-Seq % s 41
o R A A5 B o0 B AE A A Z SE R BR 2
CIEAWo B

‘Uﬂﬂf?ﬁ((Novaseq 6000) 1 3 3£ E Mlumina 2 7, 4
DI RemE bR AL (Synergy H4) W H 32 [E BioTek 28 H , #E 1
4G F 58 (SH-520) 1 A UM HAEA FRA A
1.2 @p3Eic

NIEE 4l HEK 293T 55537 1% 10%FBS, 100 U/mL
R - R IR AW S M DMEM 85320, 8 T
5%C0,.37 “CIEIR IR 1907 7 4 h 4ERp i 7%

1.3 MR

I F 3K LIN28: ¥ 34 LIN28 9 FF 55 15 132 HE (open
reading frame, ORF) , [ {i# 5| #)h 5'-ATGACCGCCCG
CGCCGGGGT-3', M iE51 ¥~ 5'-CTACCCTCCCGCCC
CATAA-3"; 8K Ji v % 2 I 7 2 /K pADV-mCMV-
EGFP-3xFLAG ', 4 Adv-LIN28-OF I 75 , 225 2%,
At BEZH Adv-LIN28-NC B 75 o

B IC LIN28: # shRNA LIN28 5'-TTAAGTATAAG
ACCAGATTCA-3', 3 shRNA NT 5'-AGTACGATACTA
CGTGAGACG-3' 5% % i 27 2 /A& pADV-U6-shRNA-
CMV-EGFP H, i £ Adv-shRNA LIN28 s 75 , a5 % 1
2H Adv-shRNA NT 575 .

SR 5 R B 028 , ol £ X 7 P AR s 7 ST - R
Yt HEK 293T 4 Jifd .

1.4 SE35 54070 dm AL 32

RNA-Seq #% 55 20 I & 52 366 HEK 293T 48 it 43 Jy
Adv-LIN28-NC 41 ( i 75 3:f 2 35 % i) AT Adv-LIN28-
OF 20 (I 8 LIN28 i %35 ) .

HEARFE AR I 5E 52564341 A Control 41 (HEK 293T 4
ffi+10 pL PBS), Treatment 2 (HEK 293T 4fififi+20 mmol/L
D-EHEAAR T 10 wL PBS) , Adv-LIN28-OE+D-1ZA2H (it
Ji5 7 LIN28 i 26 15 +20 mmol/L D-#Z VAR T 10 pL
PBS) , Adv-LIN28-NC+D-#% ¥ 2 ( 1t 95 B 1 % ik +
20 mmol/L. D-# ¥# i f# T 10 pL PBS) , Adv-shRNA
LIN28+D-#Z% ¥k 2H (Adv-shRNA LIN28 5 #E+20 mmol/L
D-FBE% % T 10 wL PBS) , Adv-shRNA NT+D-4% 40
(Adv-shRNA NT It % B +20 mmol/L D- ¥ B% % f# T
10 L PBS)!"L,

1.5 RNA-Seq # F4m 5

i FH TR1zol 2 fiff FI B BU 2% vh VR 2 HLEL RNA L 4R
J&i ] B RNA FROIA DNA B T 24/ 5% 77 19 DNA . B
2 pg il RNA, ffi H§ KCTM Stranded mRNA Library Prep
Kit for Numina | 5 B0.4% RNA I P SCPE . $R1FE 7 etk
PR & P A Ul B A5 4T . Bl & 4E 200~500 bp 1Y
PCR 7# ¥ . #R 5 I HL Novaseq 6000 il & 4% , i /T
PE150 4 I 5 .

1.6 413 8 % 53 RNA-Seq M 5 R 4 238 09 7% 7%
Fo b %

fdi ] FASTX-Toolkit (v0. 0. 13) T A3 F= 4 J5 1 il
PR Sk R SRR T S e e . 2R I E
FUVF 4B AE BC 0 2514 , i 3 HISAT2 V438 1 11
BT 2 N GRCh38 JE R4 i HL A M — B 55 A1y
BERCH TR R B0 EIOR FPKM 3330,

1.7 % 5% & ik & B (differentially expressed genes,
DEGs) & #7
i F§ R Bioconductor fi, DESeq2 £ i ¥£ DEGs"®,
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FLIE P<0. 05, f5 802 A >2 5 <0. 5 I DEGs

1.8 B AR (gene ontology, GO) 2 #1 5 7 A7 3k B Fo
A B4 F 4P (Kyoto Encyclopedia of Genes
and Genomes, KEGG) 2-#7

{1 KOBAS 2. 0 I 55 #5381 GO AR5 A KEGG i
. AR LA AN Benjamini-Hochberg FDR 4 1l
PP SCEAARIE N & SRR
1.9 AGEs® &

i FF) ELISA Y 2 3o 50) 5 % 400 ffd_ 3% 7P 9 AGEs
PEATINGE o HARERAE AP 4% R & B W] A5 2647 .
1 FH 42 T RE R bR AR O K R 355 nm RS h
460 nm Z&4F I E OB o
1.10 Western blot

{1 RIPA 2 fi#% Rl i B 2% wh i 4 HEK 2937 4 it
PEAT R R o (T 10% B 9543 X PVDF
PEEAT £ AT . BR A 18] PVDF B8 L3 in—$t TAEW, T
4 CWEE ;K H ] PVDF B8 L3 n — 9t TR, F
ZEEE 1 he [ ECL Ik ROCIR Y H i 5%
WHEAT W5 B R RGN A AT 0
W {8 Image J(v 1. 8. O) X EHGIEA T IR EE I E FI 53T o

.11 %itsam
i F GraphPad Prism v8 X F X £ dm E 17 4811
W22 3) 16/38
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B s RE 1022 HIEEHPHE
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B S 2 25 10/28 004
] CEINE 9/26 0.02
iy DNAF YL R 11/37 0.01
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Y AR B H N
00 25 50 75 100®
-log10 P&
m 159/610
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B 88/341 66-05
2 eSS 83
ﬁ 63/230
5 0
~log10 P{& ©

SFAL AN o RS DL B PR 2 (s ) TR o
Z A ] BRI R T 2200 . BL P<0. 05 M 225+
BAG

2 HR

2.1 LIN28it A A AR FHHKTAHAARNL AR EFM
Adv-LIN28-OF 21 8 3 [k SR 3 4 2554,
X% 4 255 N FEF BT GO /0T, B3 i IARY AL
FEEERIN LW MRS . 4 EiEhEE
S, WLE la. KEGG 43 #7453 Wos , 3 b
FEIh B HE N R A B pS3 {E S5 I | 28 ik v
PER | YA A 25 1 R e S5 {7 5 38 %, WL 1b.
Adv-LIN28-OE 41 {2 & T I8 3Rk 5L N 2L 3 4374~ X
X 3 437 AR IEAT GO T, 3 T R GA 1Y 3L
J2 R A B e R A L BE R Ak B N AN M
B 45 M5 5l 4, WK 1e. KEGG gt R BoR, 8
T RS M RN EEE L R E RS
ECM-5Z {6 A0 B /5 F i 28 5 1) 55 {5 5 i, L rp
AGE-RAGE {5 53 % %6 6 £ 12 3 T 4 (1) KEGG i
%, VLA 1d.

pS3ESEH
- ﬂiﬁ%&%ﬁgﬁ
% AR KR
b R R 9.28
£ b 020
= PPAR(E @1 0.16
op %
il IL-17{5 5@ 3%

&H 0 2 4 s ®
-logl0 P{H
m 128/530
e 34/86
& >2/181 BIE R B Pl
X 55/203
S 54/199 0.002 0
= 32100 s
o 43/153 0.0005
dic 44/160
7N AR A 29/93 ,
6 9@

—logl0 PlE

a:Adv-LIN28-OE A 2 % A A B 5 E M 10N GCOBEK;b: 2 F LiRAR G £ 10/ KEGG &% ;c: Adv-LIN28-OE 28 £ 3% T i
ARG EAITI0ANCOEH;d: EFTRALR S EHIT 104 KEGG B 5%
E1 3FLIN28itRi%H HEK 293T 41T RNA-Seq 3 FANEMEYE BFESTHERE

2.2 if & i LIN28 4k 45 47 ) HEK 293T %0 e = 4
AGEs 3+ T RAGE # & i&

5 Control 4H 32, Treatment ZH A HE_F 75 1 AGEs

i) 7K S i 2 T (P<0. 05) 5 1 5 Treatment 240 AH 1,

Adv-LIN28-OFE+D- 2 4 2 40 . - 35 ¥ AGEs i 7K F

BB FRAK (P<0. 05) , Adv-LIN28-NC+D- 4 4 45 U G

= 2 5 (P>0.05) , W& 2a, 5 Control 40 #1 It ,
Treatment 20 41 il N RAGE [ 38 ik K FF B & J+ &=
(P<0.05) ; 1M 5 Treatment #H #H It , Adv-LIN28-OE+
D- 1% B 2 40 il N RAGE 1Y % ik /K F & # [ 1%
(P<0.05) , Adv-LIN28-NC+D-#% #i 41 W] Jg ' & 2% F
(P>0.05), WK 2b,
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2.3 it &k LIN28 4k 45 F 48 NF-«B #) 7% 1L = MMP-2
09k

5 Control 41 #4 L. , Treatment 4 40 s ¥ NF-kB.

MMP-2 [ 235 7K - i 2 Tt 55 (P<0. 05) 5 117 5 Treatment

* *

N
(=]
]

I
T

H A It , Adv-LIN28-OE+D- #% B 4 48 S P9 NF-«B.
MMP-2 %) 3 3k 7K F 12 35 FEAIG (P<0. 05) , Adv-LIN28-
NC+D-FZ ML TG 8. 2% 22 5+ (P>0. 05) , WK 3.
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G
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2.4 FA&LIN28 #8423 HEK 293T 28 #t = 4 AGEs 5
LA RAGE #) & A&

5 Control HFH L, Treatment ZH A HE_F 75 AGEs

i) 7K S i 2 T (P<0. 05) 5 1 5 Treatment 20 AH L,

Adv-shRNA LIN28+D-#HE4H 40 il I 1E W h AGEs 7K

itk — 2 W3 T (P<0. 05) , Adv-shRNA NT+D-4% bk

100

1 2R3% LIN28 3t HEK 293T 4 i A NF-«kB #1 MMP-2 3= i 7K T 9 821l

T B 3 22 55 (P>0.05) , WKl 4a. 5 Control 2H #f
., Treatment 20 40 Jifd N RAGE 9 3235 K 8. & T+ 5
(P<0.05) ; fi 5 Treatment 2L #H Ft. , Adv-shRNA LIN28+
D- 124 2 20 L 9 RAGE 1 23k K P — 20 B & T
(P<0.05) , Adv-shRNA NT+D- 4% # 28 ] & @ 3 22 5+
(P>0.05), W% 4b.

&
L3 & &% & o' -
i/ !
£ 2 $ & SF SF L2
< § & IF S R
% 40 C & VY V9 B
2 201 T —amap - -
0- 0
» & @ <. @ GAPDH 5 & o
00“6 %iﬁ“&?*:; %Qﬁz‘%’é Qoi“@\ %g*%é& %&@)
O
S NS ’i?k
& kag
™
a:AGEs 7K-F ;b: Western blot ] & &40 RAGE & & K-F  *.P<0.05

B4 FiELIN28 X HEK 293T 20 5% AGEs /K FEF0 40 A RAGE 3R i% 7K S R 221

2.5 BUAK LIN2S 4k 4% 42 3t NF-kB #9 7% 1L F= MMP-2 #9
& ik

55 Control ZH#H It , Treatment 20 41 Jfd PN NF-« B [ 32

KK 5 2 T (P<0.05) 5 1 5 Treatment ZH A1 LY,

Adv-shRNA LIN28+D-AZ## 5 4 ifd N NF-kB .MMR-2 {19
FIRAKEIE— 4 2 T (P<0. 05) , Adv-shRNA NT+
D-F LI TC 8 3% 22 5% (P>0. 05) , WKl 5,
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B 5 &% LIN28 X HEK 293T 28 A NF-kB 1 MMP-2 3% £ 7K S B9 £

H A% LIN28 (R 547588 J2 B4R rp e L 75 il kT
2k Ry B R Y IR iR & A D B 5T
LINC00355 i i LIN28a 3 i & M 04 4% R 5C # [H - T
(guanine nucleotide exchange factor T, GEFT) [ ik,
GEFT 7E45 LA 40 & =ik , wI R 2F 45 B o 1
KRR IT 5 25 1 68 i3 U 2 2 A O
T RIS R, HOBUNGE 2 40 ] AMPKo/LIN28
T [ 1 8-4E 1 I DN A A 3 Tk - 1 v S S0
PN 2 AL PN B Ak B R SR KOTR AR S o AR AR
B 4 HEK 293T rfid #35 LIN28, 3£ i/E4T RNA-Seq 4%
SEALINE M AEDE B2 0. L KEGG 43 AT s, it
A LIN28 Ji5 19 HEK 293T 41 Jifd P b 95 — - & R HH 56
AGE-RAGE {5 % il i B Wb ik o X & — T dE 2
BRI, K AGE-RAGE {5538 P& LEHH IR S L&A
I AE T G L

BT RS FRATHET T 3 — 2D B B IR 5L 5
X 5 BB 9% 4508 F A9 HEK 2937T 40 i HEAT 1 IR 25
LIN28 i ks mi A B, 4558 7R, 5 Treatment 2H
A HE , Adv-LIN28-OFE-+D- 2 # 21 41 ffg 1% 77 L 3% W
AGEs 7KV i B, 40 AL N RAGE B3R IA7KF- ik 2
R A1 s Adv-shRNA LIN28+D- 4 4 240 i 855 5% L v b
AGEs /K Vit —20 3 T i, 4N RAGE 131k 7K
Sttt — 20 2 TR, U B PR -1 & E AH C AGE-
RAGE {5 51t 52 4% T~ LIN28.,

18 1 v WS 25 51 DN, {8 5 HL A ) S0 HL AT
AR R BRAE L S OB AE G AGEs K TE
BCAHA T () RAGE B 2276 DN B & i MLl v ke 2 4%
OAEMT . AGE-RAGE {553 B 1) [ 2351 K2y
A 3RN 98 E S, 3% S AGEs 78 15 FR i £ 3 B Al
J 38 T R 85 R 7 A I R B S Y AGEs A
() RAGE 0% AR 58 1T o3| Jb O 1k fre At Ve — AT TR
iR S AL A S 00 16 P SR RGP R A 7 R | Bl S #E DN
FgE % B s R AL ™. AGEs il i 34 i /N ek
VA 2 440 P 30 3 P | MR PR ROH P D R 2F5 R TN B A

MR T, A T NER UE L B R R AGEs
W REAR E I/ P R A S AR AR TE 4 R R 7
B 41 it it FR K LIN28 fENE i E 4 il AGE-RAGE A5
T, R R 263k LIN28 1Y 5 g 514 RE A% % DN
IR ER

AT — 20X m R SR 454 T B9 HEK 2937 4 Jifd
PEAT LIN2S 3o 2 38 wl i AR A B, 53000 5 Ak BT i 40 i
PN NF-kB Fl MMP-2 [ 23515 00 o 455 WoR , 5 Treat-
ment ZH #H [t , Adv-LIN28-OE+D- 4% B 20 41 il Py NF-«B
I MMP-2 4 & 353 B 25 B A%, Adv-shRNA LIN28+D-#%
WEZH 20N NF-xB I MM P-2 (3551325 BB T,
Vi B 2k R A LN 2.8 308 o 477 i) /344 568 441 i P NF-wB
FIMMP-2 [ RIRANHI AL E DN i e .

NF-kB /& DN i 7 v 1) G B 5 518 %, T3l ik
GSDMD ¥ B /NE B R B A5 T, e DN™, RJE
FVEF/INER Y B D RE e i 2 i 1 DN i Je . — O OBUI AT
#i] TLR4/NF-«B p65 i f# 2% fif DN 1) & i Fl 2F 4
AR5 P R R R B /N ER U Ao o I 1) S B A R A
MMP-2 . MMP-9 1 MMP-14 7£ I 57 (9 B /N sk P 235
I T 2 BT -4 75, SR IRANE NER N 2
P I HL s S B B HE S R . AR
{5 FH MMP-2/9 4101 513G 77 1 BOBE I /B 21 d, PR E
TP B ) U B A AT 2 T R R, DR TR PR
) VR RS /INER R s e sy o ]
FNMA T FRIR RNA cire_ DLGAP4 7K, circ. DLGAP4
3 1V 2454k miR-143 |5 ERBB3/NF-k B/MMP-2 %l , {i
S Z AN M A B 5 RN £ AR PR, 4] NF-kB/
MMP-2 156 T 22 DN [ 9 5E /K- e B/ INE 15403
B LAl EOCHE B, MiAAF oY 25 TR | 38 1 iR
Jpa 1 1 2 A8 LIN28 IYA YT S WS , ZE AR S 4t e 7K F - B
% 38 i3 T 4 AGE-RAGE {5 %5 i % & 45 41 ] NF- B/
MMP-2 5 EIVEF

25 bl RS R B 4 F38 LIN28, e T 308K
TR 3L R AR M 22 S AR ER R IR AR S T
DN %595 2 Ji& v 43 S B 1) W PR s — I &CRE AH G AGE-
RAGE {5718 % , £ %4 DN IVEH .
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