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(HE] HM O A SRR B 72 1 1A (palmitoyl-transferase 1A, CPTLA ) 75 B Fi ik '
(diabetic kidney disease, DKD) ¥ [A] Br£F 4EAL i 4E . J7ik 16 2 4 Ji i iEdE CSTBL/6 /N EUBEAL )
H(n=8): % B2 (Cul 20, 25 T % 3 fa) BL W2 55 ) F1 DKD 40 [ 3 5 & I AR £ 086 & 8 IR A6 T R
(‘streptozotocin, STZ) il & DKD #E8Y | , 45 4 JEJW AR /N 24 h BB, A0 25 2 IR AR BT i 2245 16 )]
(/INERL 20 Jil i) 5 SBORE A4S 2 2H /0N BRI UL 7K F- L BREE 1/ BRVLIEF EEAEL, PAS T Masson 3% 8 015 5 /)N
BRI H S R [E] R AT AR e 4l AL Y {1 . Western blot Wi%E CPTIA K AF4Efbir ik, &
AhEEFE N/ INE B 2 4R ( proximal tubular cell line, HK-2) J543 3 2H : 1E % % BR ( Ctrl ) 25 .30 mmol/L
B (high glucose, HG) 21,30 mmol/L H #& % ( mannitol, M) £H, ¥ 5 48 h J5 W% CPTIA L 4EfbbrEd)
Mk, CPTIA gk BoRifE g HK-2 45 3 LA 30 mmol/L s b Ab B], WL ¢ - 2H 40 o P 285 A 21 4
AR BRI, 850 5 Cul 40/ A, DKD 217N BB /INER (B K | 2R 35 3 34 22 1 o B0 1)
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AR
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CPT1A protects against renal fibrosis in mouse model of diabetic kidney disease
XIONG Li, ZHAO Jinghong, HE Ting, XIAO Tangli, LIU Chi Department of Nephrology, PLA Center for
Nephrology, Chongqing Key Laboratory for Prevention and Treatment of Chronic Kidney Diseases, Chongqing Clinical
Research Center of Kidney and Urology Diseases, Second Affiliated Hospital, Army Medical University ( Third Military
Medical University) , Chongging, 400037, China

[ Abstract | Objective To determine the effect of carnitine palmitoyl-transferase 1A (CPT1A) on
renal interstitial fibrosis in diabetic kidney disease ( DKD). Methods A total of 16 4-week-old male
C57BL/6 mice were randomly divided into Control ( Ctrl) group (n=8) and DKD group (n=8). The mice of
Ctrl group were fed with normal diet, and those from the DKD group were inflicted with intraperitoneal
streptozotocin injection plus high fat diet ( STZ/HFD) to induce DKD model. Their 24-hour urine were
collected, and fasting blood glucose level and body weight were measured every 4 weeks. After 16 weeks of
modeling, the mice (aged 20 weeks) were sacrificed, and the levels of serum creatinine, urine creatinine and
urine albumin were measured. PAS and Masson stainings were used to analyze the renal glomerulus

morphology and interstitial fibrosis. Immunohistochemical assay and Western blotting were performed to detect
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the expression of CPT1A and fibrosis markers. In in vitro study, human proximal tubular epithelial HK-2 cells
were divided into Ctrl group, HG group (30 mmol/L glucose treatment) , and M group (30 mmol/L mannitol
treatment ) . After treatment for 48 h, the protein levels of CPT1A and fibrosis markers were detected with
Western blotting. After HK-2 cells were transfected with CPT1A overexpression plasmid and then treated with
30 mmol/L glucose, cell morphological changes and the expression of CPT1A and fibrosis markers were
observed. Results The mice of the DKD group had obvious glomerulus hypertrophy, mesangial expansion
and renal interstitial fibrosis, increased levels of serum creatinine and urine albumin/creatinine ratio ( P<
0.05) , decreased CPT1A expression, and elevated protein levels of fibrosis markers when compared with the
mice of the Ctrl group. In in vitro experiment, HG treatment induced the morphological changes of HK-2 cells
into long spindle-shape, decreased level of CPT1A, and increased levels of fibrosis markers, which were not

affected by alterations of osmotic pressure. However, CPTIA overexpression significantly reversed these HG-
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induced morphological changes and high expression of fibrosis markers .

Conclusion  Overexpression of

CPT1A may show potential inhibitory effect on renal interstitial fibrosis in DKD mice.
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¥ PR 9% ‘5 % ( diabetic kidney disease, DKD) 2 f#
PRIV AE 5 728 14 ™ F T RhE 22—, 2 30% 1) 1 BLHk
JR97% (type 1 diabetes mellitus, T1DM) Fll 40% f¥) 2 Kk
R (type 2 diabetes mellitus, T2DM ) £ 3# 2 & 4
DKD'" . DKD PAFEFTHE 118 11 R A AL s B /N ek
7% (estimated glomerular filtration rate, eGFR) T[&H
TG IR I, i B EACAE  B/INERIE R /N ER B AL N
B [E] S 2T 4E A, i T fe 2 O e 22 2R 3 B R ( end -
stage renal disease, ESRD) , 4>¥k 30% ~50% 1) ESRD
K E DKD™* | Pt DKD (9 By i o Ry 8. AR o
A A —EB 539 NI R R IAA eGFR R B M -G
AR, I BAETCE ARG LT B R AR
SRR NS BE—AHIE S DKD B &R L B
ANEB AT BRI S T T /N ER M, O S BUR )
LI KA o

A B A W T8k 5% B% i 1A ( carnitine palmitoyl-
transferase 1A, CPTIA) JZi8IIR B-A 1k (fatty acid B-
oxidation, FAO) %) 5 S B il 2 — , FoA= W0 224 FH &
Y IEME CoA 2k AL RLIA N IEHEST FAO, CPTIA 5%
FRPs I . CPTIA Sl = (1) £ 35 A7 A6 1 B g 1D R 4
AR, 7™ F 3 R A ) LIRE 30 BR3¢ B hy 1R R I
BERUFDIRESEIR " o MR, HE 3k CPTIA (9355 7T LA {2
E FAO, [RIA, CPTTA 0] A0l 40 A 9 7 17 28 28 i £F
AR R AT/ INVE b R A3 223k CPTIA T LUK
524 kL AR B A5 T By Ak 12 M B IE 9 ( chronic kidney
disease, CKD) '§ [a] Jii £F 4k 4b'®' . 4K ifii, CPTIA #E
DKD %4 & e i E A IR A RER AR BT BRI, A
WFFE LA IR TR BB G BE IR 7 TR R (streptozotocin, STZ)

il 45 (19 DKD 5 8 /N B S 30 i B /4 B B 4
(proximal tubular cell line, HK-2) J 5% % 4, M2
CPTIA MELFHEMUARED) o V-3 WUV SHEE 1 (-smooth
muscle actin, o-SMA) £ 444 1% & [ ( Fibronectin ) &
KAk, CPTIA 3 3K BUkifE 44 HK-2 40 it )5 5 3- LA
AL B, LA E HERAST HK-2 20 i £F 2 Ak b
HWFRIRAZ A, #R9F CPTIA f& DKD ' [8] 51 £F 4k {k
PERE A A7 R0, 76 DKD B (8] 5 £ 4E A 12 1t
BB

1 #R5H®

1.1 E3aMH 5 XA

16 H 4 J&{#% SPF Zelfitt: C5TBL/6 /N . = IR Tkt
W AL e B /. HK-2 41 i Bk e B 2€ = ATCC
YM 7. STZ 4 % W . H B2 Bl B 55 [ Sigma 24 H]
CPT1A ¥ /K. «-SMA $HT 1K Wy B 3£ Abcam A ],
Fibronectin H{& 2<% —Htly B £ [E CST A F], LK
A& PAS L0 & W A R s A W] . Masson
Petrin & B R FE AT, CPTIA 3 33K ik
BILFEAEY A F] . S geaong B 256 EFEB A,
1.2 #| &3 A s

HRAE SCHR [ 7 ]2k H = BRIk B Bk & STZ il 4 DKD
ANERAEER 16 4 S EEVE CSTBL/6 /N ERBEHL 53 A T
ME2H (control, Ctrl) 1 DKD 20, &40 8 H, Cul 4H45 T
38 DB SR, DKD 2025 T iR i BL SR . SR 4 )
J& , DKD 41 /)N B S M s 3 S IR 1 STZ (50 mg/kg)
S5d, FIEMNAYEIEEEAEEK 4 h, 2 H/NRIRSEA
N FRDEMRESE 12 J8] o A 4 FE W 2 4170y B2 IR i v | {4
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FrE A 24 h R A 16 i (/R 20 JEIR) 5
bt
1.3 AALIgareg4em]

WA B R AS B AR AR /K 8 h, BUR bk ol i A
DU HRE K- o SR LI PR 2 13500 4 20 A I 2 2
N BRI LT R LT FR R 2 KO o HARERAE ™ 1% 4%
REAGR & B S .
1.4 fezgié

B2 dH/NEVE A, 4% 2 R RS [ 24 h 5B
KM, VIR RN 3 um, A 85 Y] 42 R Jok
ST 0 o 2 BEATR) & U B 5 58 i PAS  Masson 34
o, ML 2 /N B /NERE S RS 1) B e s i, F
OLYMPUS & 5455 T WA AR AR KIMZ o
1.5 fEmasiie

INERE A2 E K LR DT R R R [
PAS Jefa, FriERRE & TR SRR E SR,
HARBH G K bt . e 4140 F S IR At S AL i
WL 751) BEL b7 A 5 3 S A P it , 3 P ¥ 4 A 30 min, —
Pi 4 CWE IR, WH 37 CEIR 1 h, Tk B,
I B A O o AR A P i 1 L B B S T el
Cy3 760,37 CHEF 1 h [k ok, fEd
Y1 #84T DAB I 68 J I3 AKE 52 % I A6 B2 vk B2 T A
KI5 DA HRE B Kb g 3, OLYMPUS i
B AR AR MR . SIZDO6Y] - DAPT Je 4 )5,
TP B 7 73 R, 2% m) oG 58 48 0 il i ik
TSR AR B
1.6 HK-2 tmjb3z & 540

HK-2 4Rk &4 10% 44 135 DMEM/F12 i
WiEEFR 5L (5. 5 mmol/L A8 ) F 37 °C,5% CO, [flE
MIEFRAR R IR . A B UG BE il 2 40% J5 T4l TG
IMLE DMEM/F12 {IAE B #5 2 [m] 24k 8 h, FEEE 4y A7
MLV 55 5738, 43 3 A E AT A 38 1 X IR (Cul) 41,
30 mmol/L & ¥# (high glucose, HG) 24 .30 mmol/L H
#& M (mannitol, M) 2H , 4k 23557 48 h o WA 4 i 32
HEH,
1.7 fmpas R a0

HK-2 4 i 422 T 7S L AR, 224 240 i 0 B ik 5 22
60% Ja it ATEE Y, LBy 3 A IE X R (Cul) 41 =
FARTRL(pNC) 41 ,CPT1A 3 %35 (pCPTIA) 4], Curl
HAMAT AT AL P, B 64 Lip3000 5 TG I 1 1 77 5
OPTI-MEM i 4, P3000 F145 5 4 ki sk ¢ 35 CPT1A
Mk OPTI-MEM JE45, 3 7ll## & 5 min J51R G, 11
#E 20 min J5 LA pNC 415l pCPTIA {4, % U
6 h 5 RN R R IG SRR S L SR 24 h, P42 2

MuFEATATRIAL B, 4k 4 21 : D pNC+Curl 2 : 75 Y25 3%,
PRBORLIS , IE B I AWM BE (5. 5 mmol/L) JiF & 48 h;
@ pNC+HG 41 - 7% Yo7 AR JFURL IS , 30 mmol/L %5 4%
JBFF 48 h; @ pCPTIA+Curl 21 . FEYe ik CPTIA () JFk:
Jei , I AR (5. 5 mmol/L) fi# 75 48 h;(@ pCPT1A+
HG 4 . 5 3ik CPTIA B 5kL 5 , 30 mmol/ L 48 %t
J#F 48 h,

1.8 Western blot 5%

PO B R Rl 2% A 1.5 mL EP 48 fin Ad i
RIPA S, TAHE MRS {BREE , vk _E246#% 1 h; 4 fs
AEEIA RIPA 249, vK_E24# 40 min, 12 000xg
20 15 min JEHCE VSR, BCA & 5 i S A,
i 10% 1) SDS-PAGE &L HE1THITK, 275 mA %4l
90 min, B F B 1 h, —HFAE(1:1 000)
4 CHBWEE 55 . 55 2 K TBST PR, W & M By
(1:2 000) 74 B o S AL P Bl b 19 LU SR T/ BRER
% IeG 4t 37 C 1 h, TBST PR J5 T 5 = 1 H
FluorChemHD2 R4 B 5%, f#H Image J 475547 K&
ST Gt A L A X SRk
1.9 SRitFEaM

ffi F GraphPad Prism 8 #1743t 2% 53 #r , B4 LA
xxs FR, AT KR IR B R 5 23 0. P<0.05 5
Gt
2 H#HR

2.1 DKD /> RAEA 69 354

Ctrl /N BUIR 25 K47, DKD £/ BT #4545 8
JEIC/NER 12 Jis ) BB B 20K 2 PR 2 R b
T (P<0.001, & 1A), #2816 &5 (/D 20 JF
1), 5 Cul 41/ BUAH L, DKD 41/ BUA 5 i 0 (P<
0.001, [& 1B) , i JLAF bR 2E 1/ BRVLEF HO (8 235 T 5
(P<0.001,E 1C~D), 'HL PAS Yeta 5 R IR, 5
Curl ZH/INERURH B, DKD 217N BB /INERIRFR IS O, 28 i
FidgZ (& 1E) . DA ES5REY] DKD /) A )
2.2 DKD /)~ R B R R A et oL

Western blot %M i 78 : 5 Cul 20 /N EUAH L, DKD
H/NRBFH 2R 21 44 R 754 o-SMA A1 Fibronectin 38
KRFETHE (K 2A) o S g (g5 R Bon : DKD 41/)
BB [A] i o-SMA Fil Fibronectin = 3 5 (& 2B),
Masson Jefa, i 7 : &5 Cirl 41/ BRUH E, DKD 41708 BRUEF
()5t 3 T B S Y e B AR (8] 2B) 5 5 Bt 0BT B
DKD 21/ 5 B 1] Jo1 21 4 Ak T AR 2. 25 1% i (P <0. 05,
E12C) . PULZERULH], 5 Cul 4148 bk, DKD 4 /)N R
I T ) Al B AT AL
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B-actin(42x10°)—

Ctrl 2

DKD £

A:Western blot #i| 45 R B ¥ % &5 H7;B: B B F F & Masson £ &;C. §

2 248/R

- Curl 4

307 250~ ‘
-~ DKD 41 =
_ 200
w 2571 =
= . g 150
E & 1004
= 204 =
=
50
15 T T T T T 0-
4 8 12 16 20 Cul 4l DKD#H
B/ A B C
Ctrl 41
4 NS LT - ; <
) 3" ‘ P S f‘ ~ (n‘/
L5 A S dq
O T s k B \ A
. 7 :\ \o .",/1 ' { s
AN e
U al Ty ri . Y .
Pad ) Ol e . ‘h‘.
Y, . et 3 s
49N N — - -
A\ i ¥ i“' ‘
b @ian’ : J [ ’
so LY Qe ‘
’ - > = v
ﬁ} ~ “c.’!ot P o
| e &
= SR s .
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2.3 DKD DR B E Bk CPTIA 69 &AWL
CPTIA 5 ' 0] 53 £F 4k 4k 19 &k 4 % R % Y.
Western blot £l i 7%« 5 Cirl 2H /) BAH B, DKD 2H /)N
BUEF ZHZH CPTIA 25 1 363K B E R 3A) o [H]i,
B AR Ak Yt i R, DKD 41/ RRUE /NS B Rz 4
Jl CPTIA K3k B R (K 3B) o e HEN DKD /)y
BT BT 2T 4 Y kAR n] RE S B /INVE B R AT CPTIA
FIB T RRAHC
2.4 FZH#Est HK-2 fm e CPTIA Fe i S tuin &4 £ ik
PR
Western blot £ 7~ . 5 Cul 4 4H He , HK-2 4 i
FHEREE 48 h S 4ifd PN CPTIA (1338 B 3 N FE, 1M

LF AL FR Y o-SMA | Fibronectin [#) ik i 2 T 5 o
5 Cul 4IM L, 5580 I8 M 4] iR iebr E g it 2¢ 22 57
Cul 4] DKD 41
CPTIA(88x10*)—
Bractin(42x10°)— (WIS . N —— -
15
I
i
& 10
E
I a
i}
= 05
=
o
0 -

CulZ4] DKD 4 A

(E14) . DL EZREY], S S HK-2 41 g CPT1A
FARFEAC LT b br B R B T8, I 5808 s
Jox,
2.5 CPTIA id &k 3t & 45 F 69 HK-2 mpo i) 5 f=
AR P SRR AT

CPT1A 3t 5 3k JF ki 5 4t HK-2 4 1 J5 , Western
blot £ 25 5 B 7~ HK-2 i}y CPTIA £k B % I+
(E 5A) ., B T e HK-2 gIiEIE 4, 1IF % HK-2
20 S 2R I, AL B S S5 o AN IR T S e A, &
KAMIE, 1Ml CPTLA 32 23k b 2 il &5 575 5 1) HK-2
AL S (B 5B) . Western blot £ I 45 5 12 7R
CPTIA i3 335 i A mobigs = 1) HK-2 4 i 27 4 1k,
ik (B 5C) Ul CPTIA ZEXT R s S 11
HK-2 20 g e B Ae b A DR VR .

IHLA A o
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A Western blot #2| 2& £ & ¥ & & 454 a:P<0.01,%5 Cul 2010438, B0 25k 4 6

B3 24A/MREHER CPTIA REBR (n=8,xxs)

Cul 41 HG 241 M 41

-SMA(42x10°)— | S N_———
Fibronectin(262x10°)— “ ‘ -

Bractin(42x107)—> | S—_—-——

A

34 CdCul4 a
O HG 4
e I 2
9 - a
"
=
=
T 14
e a
0 T T T
CPT1A a-SMA Fibronectin B
sl

A:Western blot #2453 ;B:CPT1A ,a-SMA \Fibronectin ¥ Z &5 # a:P<0.01,%5 Cul 2204

4 FHEY HK-2 4008 CPTIA FIALEUIREYRIEMZM  (n=3,x2s)
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pNC pCPTIA
, , , Cul 4l HG4L Cul4l HG 4
Cul 40 pNC#H pCPTIA 4
% a-SMA(42x10°)— — — —
3 - : l
CPTIAGE O Fibronectin(262x10°)— Lﬁ
B-actin(42x107)—|  S——— Bractin(42x10°)—> | se—————
107 a 47 a 3 pNC-Cul 41

'ﬂg o 3 pCPTIA-Cul 41

W I 34 = pNC-HG 41

oy A b

= 6 ® = pCPTIA-HG 41

o B 21 =

e £ b

= I

) M 1

[a W

&)

0
Cul 4 pNCZH pCPTIA 4 A a-SMA Fibronectin C
HH
pNC-Ctrl 4 pNC-HG 4 pCPTIA-Curl 4] pCPTIA-HG 4

RTN.

A:Western blot #m| 25 R & ¥ £ F 54 a:P<0.001,5 Cul 203045 ;B B4R &40 HK-2 48 j6 7% & ; C: Western blot #-i) £5
RAXZFHH a:P<0.01,5 pNC-Cul 283645 ;b.P<0.01,%5 pNC-HG 2a b4z

5 CPTIA FRIZEMNEHEFSH HK-2 FRESMTHELRTEN B REHZ M

3 itit

AHIFFE 8 i B S2 5 56 E DKD /N B BB 8]
TYELTFIEREE P HZR CPTIA RIKFEIK, HHiRER
P HK2 ik E A S B RKBIERE,
CPT1A Fik N R AEfLB bRk T, Mg &k
CPTIA BEHD | =75 (1) HK-2 40 i 2F 4 fb 5 b i
ik UiHI CPT1A 7t DKD & [a] G 2F 44k & A= MUK Jig vh
ERIER .

ST R B, i I T 5 BN b A
it g B KR AL 2 7= 4] (advanced glycation end products,
AGEs) F14H i 15 14: 48, ( reactive oxygen species, ROS) 4=
G2, T 5 | 2 41 B P MCP-1, PAI-1 fI TGF-B1 &
Sy I U AN ) SR (AR SIS =
BB/ INVE b B AR 2SR P SR AT I A AR 284
iE, f#i a-SMA Fil Fibronectin 75 [ & 515, M 5] # 4H
QUYL . AT HAFESE T DKD /N B B ) B
YL, W B AN RE S5 3 HK-2 20 i 22 KRB 2

(n=3,x+s)

A5 LR YA bR R = i o AEUH LA IO DA K
B R - KK R, AR A S E SR DKD i
H R 4efbit . L, 18 V)T ET DKD 1 [E]
JREFAEAL e A= F R S BIL , -8 AT A .
CPT1A fE AT FAO Ry Z — , 5 B A 4
ALK REY] . BRAESCHRRGE , CPT1 AR FC Y
SO /NG b B A0 2T 4 AL R 56 R kR T
MR, T A 1 B s Sirtl/STAT3/ twist]l {5518 L oF
CPTIA 4 59 FAO k23 UUO #5715 [a] it 2F 4
. [, ek CPTIA J i B R 4R b AR T 2% it
CKD /R ] BRZF4EL" . Heoh, CPTIA 58 B |
HE RS AP B IR OC | I M IR B K BRUTE 4 4
PR B AT P I DU B4 XS 384 i, CPT1A
B RHA R B E MR EY Y . BT CPTIA
TELH 22T 2 A 3 e v 118 E B DA S A PR S A
PR AEY S E R, AR SCFSE T CPTIA 7£ DKD B
[B) B 27 Ak A, B 5 25 SR 3 B, DKD 5 41 41
CPTIA FRHAEH B4 U BT, FRERY, 2 A



816 il 25 %2 B R, 2023,45(8)

http : //aammt. tmmu. edu. cn

S HK-2 4ilfd CPTIA FKikFA%. 1M CPTIA it %Kik @
SEANR] SRS T 00 HK-2 40 I8 28 ol 28 F4F A pr &
Yimaeik, UL ARBESEIESE, CPTIA X DKD ¥ (8] 5
L HA R ER . B4, CPTIA HA& S o
Mg ki LR ER TS — SR BNV L4
JILL FAO YE M RERARIR , FAO REfG Al 805 /M R
Y RE A H v =B & PR R R A iR e . BEAE
SCHRHRIE , PPARa A 311 FAO FREfi 23 e 52 2 3 72
Hh ] R 2T 4 Ak & 2B . A%, CTRP6/AMPK il
WO AT HE FAO, i) UUO ' el B er 44k o i
Bl FAO [l e & 18] B £F e Ak kA ik Jgvh Hofy 22
YEM. BT CPTIA fEN FAO Ay ¢ B B o filg, HfE )
CPTIA A] fig & i 3§ 5% DKD /& I R 4i il FAO,
PRI AELE DKD B (8] B £F Ak . X B A 58 5 99 1
[ SERE =

ZE TR, ABFSEUESS T CPTIA 7£ DKD ' [i] it
e ORI PE A FEHEN CPTIA R B A 35 58
/NG b KA FAO, T 2% % DKD ‘B [|] iR - 4k . B
1A DKD ' 1] BR 2T AL 340 T 0 i

S 3k
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