http://aammt. tmmu. edu. cn P 2275 5 R 22731, 2026, 48(7) 847

W - LA B

T4k S B R 15 FE A5 7E mTOR-ATF4-Chop/Trib3 {5 S 1& B 15 5 /N BK B 4 B
TR # HE IR R 5 R it

|H RDNE, A L RS BRI, EFA L AR, e kL RAEF
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20 R 00 1 43T LA 902 1 v e R B R I T R /DN OB PR Y R AR R R B A R RTAIL I BF 5
Jitk (DA O 6~8 Jil i C5TBL/6J HEME/IN B (R i it 20~25 o) JFUAR B /INER 2 40 g 24 744 41
R gf R 58 VLR 43 3 4 (n=4) B 2 (low glucose, LG, 5. 5 mmol/L) | 55 ## 2 (high glucose,
HG, 25 mmol/L) . 5 ##+3 mmol/L BCAA (HG+BCAA ) 4, Western blotting ¥ il H: BCAAs X i} #H 5 4> 7
(PPM1K ., BCKD . BCKD pSer293) . & 4fl fifd 2Jj & ¥ 7 4 (Nephrin . Synaptopodin #1 WT1) 18 T 43 F
Cleaved Caspase-3 [ 3 ik 7K - ; 90 9% 4 1k Fll Western blotting £ il H mTOR {5 538 % ( p70s6K pThr389 .
p70s6k . ATF4 pSer166 Fll ATF4) & I T 4% 43 1 (Chop F1 Trib3) B K /K . QRSN I ATFA B4 %
YA R R e RENLAL 50 8 2 4 (n=4) : X HEZH AT BCAA 41, Western blotting A8 I FHC 0 738 #% 7
TFHFGEAKT . GFEEL 6~8 JH i CSTBL/6T /NI AR B /INER 2 40 B E A7 AR A 5 5% | R 58 2 Bl AL 15 53
#1324 (n=4) : HG (25 mmol/L) 2] . HG+3 mmol/L. BCAA (HG+BCAA ) #H . HG+3 mmol/L. BCAA+F5 1A% &
(HG+BCAA+Rap) 41, Western blotting £ H: mTOR {55 5 38 % A ] 738 [ 43 09 3235 K. (2) 3 5K
5 A = BRI (high fat diet, HF) 755 JE MR /N BB HY , 4 6~8 i Y C57BL/6J M /)N BRCR FH B AL AR
FILEBENL S 4 41 - HF 4 HF/BCXS 20 (HF/Paired , 9742 A it 5 HF/BCAA ZH VL) \HF/BCAA 41 (17K
WS IN4%BCAAs) FIHF/BCAA+Rap TH4H . PAS e JHZT O Y (RN B H- ik — iR 7K SRS B s BUE &
KR JBCAR 5 A ARSI 53 A IR W i 11 A 1 LI 55 3 B PR 1 B LWL BUAR ; S22 2 16/RT-PCR A I
/NER 2 A1 S 2 BE 43+ (Nephrin 1 Synaptopodin) FIEF4E AL AH 5 53+ (Collagen IV ) Rk K- fe e 411k K
Western blotting £ 1 & & 4C18 /> 7 (FABP4 . CD36 . PGCla Fll PPAR«) K2 mTOR 155538 % b 4 7 18 5% 43
FIFEEAKF . 850 (DA 58 : O b AbFE AL 40 PPM 1K #3AF#{I%, BCKD pSer293 #ik T (P<
0.000 1), BCAAs b Ab B 1 /£ 40 il Nephrin #2315 (P<0. 000 1) £ Synaptopodin 2635 (P<0.01), |-
74 Cleaved Caspase-3 3KiA(P<0. 000 1), BCAAs 23 iR 2 A1 p70s6K pThr389 .p70s6k ,ATF4 pSer166 .
ATF4 ,Chop F1 Trib3 [ 8 1535 (P<0. 000 1) . Q#BE ATF4 i 2 BH W BCAAs 3% mTOR 55/ Chop F1
Trib3 ik (P<0. 000 1) . @mTOR il 5 Rap i & #i] ATF4 pSer166 . ATF4 . Chop il Trib3 223k (P<
0.000 1), (2) 455 : OIME MM FE BCAAs T i BRI /I BUR T 1 2 H/JJUEF HG(E (P<0. 000 1),
TN B /NBR Y I B 45, [R] B R 98 B ZNER WTT ., Nephrin F1 Synaptopodin [ 2 1% (P<0. 000 1), L i#'E /)
Bk p70s6k pThr389 13 ik (P<0. 01) Al Chop A FE1K (P<0. 000 1) ; F- 02 ik 15 /NE A BT RN B JE G I &
H(P<0. 000 1), FiE'E/INE FABP4 F1 CD36 [ 4615 . @mTOR 1l il 7] Rap BLET mTOR-ATF4-Chop/Trih3
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Branched-chain amino acid metabolism disorder promotes the progression of
diabetic kidney disease by inducing podocyte apoptosis in glomeruli via activating

the mTOR-ATF4-Chop/Trib3 signaling pathway

TIAN Wengi', ZHAO Xiaojuan', DOU Xiuhong', XU Jinyang’, NIU Fandi', GAO Wengiang', WANG Mengmeng’,
XIA Yunlongl, YAN Wenjunl, TAO Lingl, ZHAO Huishou' 1Department of Cardiovascular Medicine, First
Affiliated Hospital, Air Force Medical University, Xi’ an, Shaanxi; 2Department of Cardiovascular Medicine, Xi’ an
Medical University, Xi’ an, Shaanxi; 'Department of Endocrinology, Affiliated Hospital of Changchun University of
Chinese Medicine, Changchun, Jilin, China

[Abstract] Objective To investigate the molecular mechanisms by which branched-chain amino
acids (BCAAs) catabolic disorder induces glomerular podocyte injury, and to elucidate its role and mechanism
in promoting the pathogenesis of diabetic nephropathy (DN) in a high-fat diet (HFD)-induced mouse model of
obesity. Methods (1) Cellular Experiments: (D Primary glomerular podocytes were isolated from 6- to 8-
week-old male C57BL/6] mice (weight 20 to 25 g) and cultured, and then were randomly divided into 3 groups
(n=4): low-glucose (LG, 5.5 mmol/L) group, high-glucose (HG, 25 mmol/L) group, and HG+3 mmol/L. BCAA
group. Western blotting was used to detect the expression of BCAA metabolism-related molecules (PPM1K,
BCKD, and BCKD pSer293), podocyte functional markers (Nephrin, Synaptopodin, and WTI), and the
apoptotic molecule Cleaved Caspase-3. Immunohistochemistry staining and Western blotting were performed
to detect the expression levels of mTOR signaling pathway molecules (p70s6K pThr389, p70s6K, ATF4
pSer166, and ATF4) and apoptotic pathway molecules (Chop and Trib3). @ ATF4-knockout fibroblast cells
were randomly divided into control (n=4) and BCAA (n=4) groups. Western blotting was used to detect the
expression levels of apoptosis pathway molecules. (3 Primary glomerular podocytes isolated from 6- to 8-week-
old C57BL/6J mice were randomly divided into 3 groups (n=4): HG (25 mmol/L) group, HG + 3 mmol/L. BCAA
group, and HG + 3 mmol/L. BCAA + rapamycin (HG + BCAA + Rap) group. Western blotting was performed
to assess the expression levels of mTOR signaling pathway and apoptotic pathway molecules. (2) Animal
Experiments: An HFD-induced mouse model of obesity was established. Male C57BL/6] mice aged 6 to 8
weeks were randomly divided into an HFD group, an HFD/Paired group (food intake matched to the HFD/
BCAA group), an HFD/BCAA group (4% BCAAs supplemented in drinking water), and an HFD/BCAA + Rap
intervention group. Periodic acid-Schiff (PAS) staining, Oil Red O staining, and detection of renal triglyceride
content were performed to assess renal pathological morphology and lipid deposition. Biochemical assays were
applied to detect the urinary microalbumin and creatinine levels, as well as to calculate the urinary albumin-to-
creatinine ratio. Glomerular podocyte functional markers (Nephrin and Synaptopodin) and fibrosis-related
molecules (Collagen IV) were detected by immunofluorescence assay and RT-PCR. The expression levels of
renal lipid metabolism-related molecules (FABP4, CD36, PGCla, and PPARa), as well as the mTOR
signaling pathway and apoptotic pathway molecules were detected by immunohistochemistry and Western
blotting. Results (1) Cellular Experiments: () High-glucose treatment decreased PPM1K expression and
increased BCKD pSer293 expression in the podocytes (P<0. 000 1). BCAAs downregulated the expression of
Nephrin (P<0. 000 1) and Synaptopodin (P<0. 01) and upregulated Cleaved Caspase-3 expression (P<0. 000 1)
in the podocytes under high glucose condition. BCAAs significantly upregulated the protein levels of p70s6K
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pThr389, p70s6K, ATF4 pSer166, ATF4, Chop, and Trib3 in the podocytes (P<0. 000 1). @ Knockout of
ATF4 significantly blocked BCAA-induced Chop and Trib3 expression activated by mTOR (P<0. 000 1).
3 The mTOR inhibitor Rap significantly suppressed the expression of ATF4 pSer166, ATF4, Chop, and Trib3
(P<0.000 1). (2) Animal Experiments: (D Exogenous BCAA supplementation increased the urinary albumin-
to-creatinine ratio (P<0. 000 1), aggravated the damage to glomerular filtration barrier, downregulated the
expression of WT1, Nephrin, and Synaptopodin (P<0. 000 1), and upregulated glomerular p70s6K pThr389 (P<
0.01) and Chop (P<0. 000 1) expression. Additionally, BCAA supplementation promoted renal tubular cast
formation and renal lipid accumulation (P<0. 000 1), and upregulated the expression of FABP4 and CD36 in
renal tubules of HFD-fed mice. 2 The mTOR inhibitor Rap blocked the mTOR-ATF4-Chop/Trib3 pathway,
downregulated the expression of ATF4 pSer166, ATF4, Chop, and Trib3 (P<0. 000 1), and ameliorated renal
lipid deposition (P<0. 000 1), renal tubular cast formation, and proteinuria (P<0. 000 1). Conclusion BCAA
metabolism disorder induces glomerular podocyte dysfunction and apoptosis by activating the mTOR-ATF4-

Chop/Trib3 signaling pathway, leading to renal lipid deposition, renal tubular cast formation, and progression

of renal fibrosis, thereby promoting the development and progression of DN.
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(IEZ AR Tt AR E TR ) T R
I3 FR AR 52— ZR B A BIR S8 T F) B A ) 4, 04 S
-l /ig Fid U B (branched chain keto acid dehydrogenase
E1 subunit alpha, BCKD ) A 32 5 oo- i 1 i %0 it ok 12 il
(mitochondrial phosphatase 2C, PPM 1K) #1137 4% o-Hi iR
it &0 B 334 B (branched chain keto acid dehydrogenase
kinase, BCKDK)'"'. B IBF5E 715 , BCAAs 50 PR
IR REBYIAR S DKD RN BRI K B I v 47
TE BCAAs J FAR b 6] =y 10 S 3 5 A, IR W
BCAAs 7K m] #1288 R i £ 5% DKD A9 2E &8 K
B 3R BCAAs RIS ALAE DKD Hh &4 S8R A

JE AT B /N BRI R B A% O 2GR, A
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2L 2006 ) i 6 B AR AR S {H BCAAS FRIgH R
02 A5 DL S ey 2 5 2 40 a4t 4 , iF i 42 2F DKD i

JE I AN B

1E DKD ¥ B 3R 55, mTOR ( %y mTORC1)
SR OO T OB A SR A B S e
ATFAAE Ay S Iy 3800 17 5% s DR F, o] 3 oo o8 R Ui
M A S ARG 50T, 2 5 DKD i
J&), B mTOR A # W2 1k ATF4 i H 3 16, 3548 7%
mTOR 1] RE i 3 4455 ATF4 5% Wi DKD 1) & £ & J& .
BCAAs 1k £ 189 mTORC1 30 700252, Al g sk %
2 mTOR-ATF4 5 5 fl1 /v 5 J2 4H B 45t 45 , (L 3X — L
i R 7E DKD FR A3 SESE

U, ABIF 5% 38 2 4 A i e K B B A AN IR
BCAAs %M 78 07N BB | 545 & JEAC 1B /INBk A2 40 it 5
F%, BTEERTT BCA As AR FREAS75 3 B /N ER AL 20 463405
1943 FHLEI, S DKD #5714 SR A e 5

1 HEST®

1.1 EIEA#H

L1 SCE4if 2 BehTC s b i fb L 58
J7 AT IEAC AN 3 R 6~8 JA i C5TBL/6)
TP /INER (PR B i 20~25 ) , TG BA 2514 T 20123 B 5 /)N
B, IR/ NR AT AL 5 95% LA 1Y K4l
S BB /INEREER T T B AR A Y 6 FLIG IR AR 5
FFHERIN 10% fG4E 155 100 U/mL 5% % M 100 pg/mL
B2 2 1 RPMI 1640 58 235 F2 5L, B T 37 'C.5%C0,
(R IR S A R R R . K59 3 AU, AN B /N ER
HAH PR, PBS G2 BRI BRI 2 IR, 2R
B35 10 S /INER S 2 Jo A L 5 Ak 2 97 250 6 KL 1 A2 4
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W1 Al e A 2, H T e 2500 .
112 SEEeshy AR 6~8 AR At CSTBL/6) /)y
B (1A BT 4 20~25 ) g 1 50 DU 42 B2 K2 sl W) b o
ATF4 i 55 B 2F 45 20 M AR G T g 52 3K 5 Terytty
Yang Li #4% . A sh ) S5 g 44 BE S8 [ [ 7. LA A58
Bt S5 = SR R AT, T IR DU A s K s 8
PRANEE 22 D2 F ] o ARSI i A sh ) S g i IR
r [N TR S T8 45 55 D 2 B2 K 2 S 6 3 ) A 1 5 48 B
B2 W BEOR MR AT, 3 W 48 B AIE MfE 5 R TACUC-

20230250, Fr A /s B 35 F 55 DU ZE B K24 5L 8 )
G SPE U S W) B I, 1R 55 I B DR R TE (26+2) Al
55%+15% AHXHIR B , O /SR mE A R 12 he BT /DN
BRI 16 J o F T A SE 90 2 76 o BE MR IR 1 /) BB Y
AT, C5TBL/6T MM /N BREAT HEHL = B Tk B MR 215
SR NE T 70 AR s BRI AR R L R AR S
JIT AT v B MR SR /N B MEYE CSTBL/6) /N B

JR I 5 22 SR AR A < 5 R B s R A PR E R
K FH 1% 1%L F -8 (50 m/kg ) I I 4 56 TR I, bR B
RS FRHEATHRAE 5 22 SR AU R FH Ok BRI, a4 /N B
PRIRAEA M7 A v o

M/ B I DL AR S A U s A AN RS
e, 37 B S 22 SR AE , 26 b SR ikt A HR A2 AN B
(9 vy« O T it 5 AR SRR BT 5 T [ >15% (3%
S 2 W I AR TA ) 5 B A S R T ( B AR T AR SR
B ATERSE) . QMR FREETES3 d PR E R
T RE>50%; FF I e R A (0 B R F 5 0)  E
K CHR B MR L B RS 2k ) . i f 5 I « iz ik
KRS 15t 97 , TCIE G 5 ™ L o e k4 B Jak
Y (PRI THE>39. 5 °C SRR ) .
1.3 Skl RIPA 243 A1 PMSE Il [ 98 3C
A (At 50 B A BR2 7] s TRIzol 3457 A1 Pierce™ BCA
 ERHRF &) H Thermofisher (38 [ 23 6] ) ; B 152 i
PP F SDS-PAGE £ [ bR Z2 phf (5>) 1 | L i3
o RAEVRHEA RS A s Immobilon Western 1627 A&t
HRP I A AL (D) I H Sigma (2 E) 5 5 A FRA
) 5 MR o 4R A0 A R A 1 G oAk LA SR ) 4R
YA/ R 1eG BUiR I A A6 A2 St A Y4
KA R 2 7 5 Hieff UNICON® Universal Blue qPCR
SYBR Green Master Mix ., Hifair® Il 1st Strand ¢cDNA
Synthesis SuperMix for qPCR (gDNA digester plus) I
RPMI 1640 3% 3= 30 [ 251 22 A4 Yy BHEE (B0 ) e A B
75w 5 JC T PBS G2 i i ] A 2 2 W () |
DAPT % 32050 (B IR At 26 K E 77 B 2
DORYE IR A B A BN W) 5 PR — I B KT
K IR BR 2 w5 2 R T O G (8125 & Ak

i PAS Yol & (B AR 2) I A AL R ERHE
B 5 JBE IS A F1 DNase 1 [ b 50 2 Ik 2E k%
A BRI 5 WU 2 3750 S0 pe st il A ) TR
¢ W7 5 Albumin ELISA i il 75 & Fl Triglyceride Assay
IR £ ST (R ) SRS A BR AT

1.2 %%k

1.2.1 Zhysess ¥/ NECR LB LB
g 340 = IR AL (high fat diet, HF) 20 HF/BC XF (HF/
Paired, £ %) % A 1 5 HF/BCAA #4H VG fic ) 4 . HF fin
BCAA M2 3% (HF/BCAA, 60% 1= JE AKX B+ 7% 4% BCAAs
A AL B /R AT H HAREUK , IF ISR 60%
BRI E (D12492, Research Diets) 16 J& .

1.2.2 HF .HF/BCAA Fl HF/Paired IR M2 55 )5 %

W TR HEAT . ABFSY B S5 TPAE T HF/BCAA
2R BRI (Alg)  IFH3 T BRI FE Y S A & (B/
ca) =(efitpy B #E-REHEY PR E)/d. R
J& ARG E T R AR T E FE R AR [ C/ (callg) |=
B/A. 4 Rk, ARSI T HF/Paired 20 19 AR 2
(D/g) , I8 T8 — KN 45T HF/Paired ZH B9 = J8 1K
YR (Elcal)=CxD. AN, 25 HF 411 HF/Paired 21
PR ARV MR AE R T K T Y 4% SRR IR AW (18 Gln FI
Asn AW T A 20 FPORSRAFTE R 2R , 18 P 2 LR T
AR BCAA 535 19%) . 18 FhE BB AIR YR L
151 )2 2 BBl 0 e ek vl S A 1A 18 b 2 R 1 R AR L
1], 32 FESCHE NEWGARD ' i 25 BCAA T £ 41 % i
/N BUIR A & B L . HF/Paired 2H 1K FH 7K )
BCAA ¥ JF 1y 4%%19%=0. 76% . BCAA (4%) L) 5%
MR St AR S TR L9 R 20 1 VI AR AE IR K
H 23 PRSI, 20 5 F 8 ik 5 18 B R AT, ke o 3
YLk, HF/BCAA+Rap 417 HF/BCAA 4/ 251F T LA
0. 5 mg/kg 1A 5 10 7] B R JEs 1 S R AR K

1.2.3  /NEUE DE LR - 45 R (periodic acid-Schiff
stain, PAS)Je 8 Rp/NEUE IR ZUA M) /65 CHE
A2 hJE FHZWOOR B, O B8 S B ATk k. ]
IR0 o R VA T, = IR 10 min, ZRIB K E R
3 U5 B i 0 Schiff 147, 2= G 15 min, HE
T R LAV TR 2 UK, 28 AR K vy &b e iy . Y0 R
2% Mayer 73 AR YL IR E YL M A% 5 min, 1% Eh R K%
WAk 30 s, B i R BRI VRR 15, 28K vk T8 5
W B AEERL K R RE N R I S A
JETE G AU T WS /N EK R R DX /N R e
(1) PAS BH M G e 1 00, I RAEEME , SR FH Tmage J 4K 44
R 43T B T AR /N ER TR

1.2.4 /NEUEAEMAT O et SCEGHIAS 4 pm R
B VKR YD R, 78K M IS L IR A 60% ST R
IEEVE30 so FHHZL O A8 TR 5 25 IR K e AR R 32 2 L 47
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TR BC i TAEW, X D) A e 44 10 min; Bl /5 ] 60% 5¢
R R IR LA R S e o, B2 28 K e+
o VIR A Mayer S AR Z G4 4% 1 min, 1% £
MR K S HEAT 43 A AL B, 2 5 28 28 U /K 0 AR Bk R
PR WORWE T U R ih G 280K 5. B irst
A AE R LS B R4 SRR BT O ARG D0 SR R
SEE

1.2.5 JRBFEARM AT /N 24 h R
W, K FH /N B Albumin ELISA A 9 3% 7] £ (Abcam,
ab207620) Kl /NSRRI F & & . /DL 24 h R
TR ALT R FH LT 00 2 3700 6 (o i, CO11-2-1) K
I /N BB M H il =8 2R ] Triglyceride Assay £l
F G A (Abcam, ab178780) . LA b IJHE B AR ALXS N
PR T OO B FU AR S TR B . PR A LI
FAE (urinary albumin-creatinine ratio, UACR) = JjR f3{ &
FEE 1/ (mg/L)+ IRV (/L) , B4 h me/g .

1.2.6 /NRBE/NERDE BRI/ RURIES K
R ER/INR I I FE . e 0BT 4~5 mL &
1% S8 ALER Y PBS 1 2 U0 JIE AR WL R 22 28 B S
BB RS 0, BT & 1 mg/mL I I A A1 100 U/mL
DNase I 35 63 H 37 “Ci4 1L 30 min, £ 1ETHAL ),
IR A WG L 100 pum 20 7 38 08 WSCHE IO B TG
A b, )P 4R A Bk B 1 P I BEE 00 43 2 0 Al AR ' )
BRo A 22 WA ES BN AEAS T Nk Y
2l k3 95% LU I

1.2.7 e R/NRUE IR U0 WD R
1565 “CK5 2 hja F W 2R B i , O B B I it A7
KA. IZERK Pk 2 W ¥ U0 R & T 0. 1 mol/L#7
B R AN 2% ph i (pH=6. 0) H1 , SR FH W K W i A7 0 48
5o HARVE H 2% RSN 3% o 48 Ak U BT P S Y5
ot S A TS L SR 5K U0 R 5% Ak LA LT
M1 h, BEJ5 4 "CEE —Hid . W H I PBSUEH S,
VIR &t bt R & 1 h, %0 DAPT 444X
F 2 R EEEIEE 5 min, S JEINAPTIOCEE I E A,
It 1 V4000 HE 3R £ 2 il B R AR KR, FH Tmage J 51
PEHEATRE B 3T -

il FHE—FTT : Col4a5(1:100, Abcam # ab6586) ;
FABP4(1:1 000, Proteintech # 67167-1-1g) ; CD36(1:500,
Proteintech # 66395-1-Ig) ; PGCla(1:1 000, Proteintech
# 66369-1-Ig) ; PPARa (1: 250, Abcam # ab61182) ;
NPHS2 (1: 300, Proteintech # 20384-1-AP) ; SYNPO
(1: 500, Proteintech # 21064-1-AP) ; DDIT3 (1: 500,
Abcam # ab11419) ; P-P70s6K (1: 1 500, Servicebio #
GB153805).

1.2.8 Western blotting S 4 WS E A LA AS S, i
A IHTBC 14 55 A7 T TR Ik 4100 o) 590 0 2B 1 T A 71 50 ) RIPA

LA ol TR P R A LR AS IS, UK 1 24 30 min.
IR BUREAR 5, 4% 1R 60 mg 41 21 REZ</200 L RIPA
S0 I A B3, 13 FH Servicebio — 2 ¥4 R AFF 5 X
(KZ-5F-3D) W B , vK | 2L 6% 30 min. % 5¢ W5
15 000Xg 4 “CE5.0> 15 min, B35 W BCA 125 &
o A R B A (5x) ARG w95 °C
A 10 min {8 HARME A 40 8 L RE S AT SDS-
PAGE MUk I-%% 2 PVDF i, ] 5% I AR 5 ¥ 5 il &4
1.5 b, 38 B R BT R TR B AR RE R — P 4 "CIE A i
A, TBSTIHVE/G —HU = IBEE 1 h, BEEARF R A WA
BB i I 1 A6 AR, A FH AL 2% 0600 B A 2%
i BEAT AT AAL

il B HEAR 40 R - PPMIK (1:1 000, Abcam #
ab224424 ) ; BCKDHA ( phosphor Ser293) (1:1 000,
Abcam # ab302504) ; BCKDHA (1:1 000, Abclonal
# A9806) ; Beta Actin (1: 20 000, Proteintech #
66009—1—Ig) ; FABP4 (1:5 000, Proteintech # 67167-
1-Ig) ; CD36 (1:1 000, Proteintech # 66395-1-Ig) ;
PGCla (1: 5 000, Proteintech # 66369-1-Ig) ;
PPARa (1:500, Abcam # ab61182); WT1 (1:1 000,
Abcam # ab267377 ) ; Nephrin (1:5 000, Abclonal #
A28348) ; SYNPO (1:1 000, Proteintech # 21064-1-
AP) ; Cleaved Caspase-3 (1: 1 000, Cell Signaling
Technology # 9661 ) ; ATF4 ( phosphor Serl66 )
(1:1 000, Cell Signaling Technology # 2325) ; ATF4
(1:1 000, Proteintech # 60035-1-Ig) ; DDIT3 (1:3 000,
Abcam # ab11419) ; Trib3(1:500, Abclonal # A3523);
P70s6K ( phosphor Thr389) (1: 500, Servicebio #
GB113805-100) ; P70s6K (1: 500, Servicebio #
GB111133-100) .
1.2.9 RT-PCRES:  {liJH TRIzol s3] A JIEZH 4
PRI RNA i T80 5 SR il0) &5 il cDNA L i 1]
Applied Biosystems 7300 {¥ #% #F 17 £ F SYBR Green
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A': representative Western blotting images of BCAA catabolism-related proteins in cultured primary podocytes in indicated groups (n=4);

B: quantitative analysis of relative BCAA catabolism-related protein levels in cultured primary podocytes in indicated groups (n=4) ;

C: urinary albumin-to-creatinine ratio in indicated groups (n=10); D: PAS staining (top) and Oil Red O red staining (bottom) of mouse

kidney sections in indicated groups; E: quantitative analysis of renal triglyceride levels in indicated groups (n=10) ; F: representative

immunostaining images of Collagen IV of mouse kidney sections; G: quantitative analysis of relative Collagen IV mRNA expression in

mouse kidneys (n=6). IF: immunofluorescence

E1 BCAAsKRIEREHSRRRESH/NRERRERG
Figure 1 BCAAs exacerbate high-fat diet induced diabetic nephropathy (DN)
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A': representative inmunohistochemistry images of FABP4 and CD36 in mouse renal sections; B: representative Western blotting images

of FABP4 and CD36 in mouse kidneys (n=4) ; C: representative immunohistochemistry images of PGCla and PPARa in mouse kidney

sections; D: representative Western blotting images of PGCla and PPAR« in mouse kidneys (n=4) ; E to G: representative TEM images

of glomerular podocytes (E) and measurements of GBM thickness (F) and foot process width (G). TEM: transmission electron

microscopy; GBM: glomerular filtration barrier. Yellow arrow : massive fusion of podocyte foot processes in the glomerulus

2 BCAAsXERERR /IR B RAHEX S FRIZNFIT

Figure 2 Effects of BCAAs on the expression of renal lipid metabolism-related molecules in mice fed with high-fat diet
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A: representative immunofluorescence images of Nephrin (red) and DAPI (blue) in mouse renal sections; B: representative
immunofluorescence images of Synaptopodin (green) and DAPI (blue) in mouse renal sections; C: representative Western blotting images of
WT1, Nephrin and Synaptopodin in mouse kidneys; D: quantitative analysis of relative protein expression in panel C (n=6) ; E: representative
Western blotting images of Nephrin and Synaptopodin proteins in cultured podocytes in indicated groups; F: quantitative analysis of relative
protein levels in panel E (n=3) ; G: representative Western blotting images of Cleaved Caspase-3 in podocytes in indicated groups ;

H : quantitative analysis of relative protein expression in panel G (n=4)

B3 BCAAsIHERFEZG T EHAMEINER LT RN
Figure 3 Effects of BCAAs on podocyte function and death in diabetic conditions
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A': representative Western blotting images of ATF4 pSer166, ATF4, Chop and Trib3 in cultured podocytes in indicated groups; B: quantitative
analysis of relative protein expression in panel A (n=4); C: representative Western blotting images of p70s6k pSer389 and p70s6k in cultured
podocytes in indicated groups; D: quantitative analysis of relative protein expression in panel C (n=4) ; E: representative Western blotting
images of p70s6k pSer389, ATF4 pSer166, ATF4, Chop and Trib3 in podocytes in indicated groups; F: quantitative analysis of relative protein
expression in panel E (n=4) ; G: representative immunohistochemistry images of p70s6k pSer389 in mouse renal sections; H: representative

immunohistochemistry images of Chop in mouse renal sections

4 BCAAsI#T 7% p70s6k-ATF4-Chop/Trib3 & iiE S B AAATHER
Figure 4 BCAAs induce to podocyte apoptosis via activating the p70s6k-ATF4-Chop/Trib3 pathway
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A representative Western blotting images of p70s6k pSer389, p70s6k, ATF4 pSerl66, ATF4, Chop and Trib3 in cultured podocytes in
indicated groups; B: quantitative analysis of relative protein expression in panel A (n=4); C: representative Oil Red O red staining (top)
and PAS staining (bottom) images of mouse kidney sections in indicated groups; D: representative image of isolated and purified mouse
glomeruli; E: representative Western blotting images of p70s6k pSer389, p70s6k, ATF4 pSer166, ATF4, Chop and Trib3 in glomeruli in
indicated groups; F: quantification of urinary microalbumin concentration in indicated groups (n=10); G: quantification of renal TG levels

in indicated groups (n=7). TG: triglyceride

5 % mTORC1MEBCAAsRGERFSHDNLELRE
Figure 5 Inhibiting mTORC1 improves the development and progression of DN induced by BCAAs catabolic disorder
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