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[BZE] BH - BITE KW (end-stage renal disease, ESRD) B F & #% LA B BE i E. 8 (pyruvate dehydrogenase, PDH) 3%k &
VA R LAt 0t 4 (pyruvate dehydrogenase kinase 4, PDK4) fEE#ILH RIkKFAE(L, F5iE - W ESRD 3% Fudk 18 vk B ks
(non-chronic kidney diseases, non-CKD) HBEBMIEEA, HE 2 HEFOIGEEE, ELISA &0 PDH G, scif2¢tE 8 PCR
WA PDK1 ~ PDK4 MR T i, PDH % F 33 Pl K F-, Western blotting &l PDK1 fit PDK4 % |9 £ 57K F, %8 - non-CKD
411 ESRD 4B H LA H 22508 B 25, ESRD HIMSKNLEF . IRFRBFHTHE () P<0.05), MFME/hekigid®, M
EA, AEANRERE (3 P<0.05), ESRD HE#IL PDH i i 2 #F KT non-CKD 41 (P=0.014), 2 & FH#&N. PDKI ~ PDK4
Je PDH #% P mRNA #5567k FIC W i 25 5, ESRD 41 PDK4 # 1 & ik & 2 2 5 F non-CKD %f#g41 (P=0.000), #if - ESRD H&
%Lt PDH 35 E T Re, wHkS PDK4 %Kik EA &,
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Pyruvate dehydrogenase activity and pyruvate dehydrogenase kinase 4 expression in skeletal muscle of
end-stage renal disease patients
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[Abstract] Objective - To explore the changes of pyruvate dehydrogenase (PDH) activity and pyruvate dehydrogenase kinase 4 (PDK4) expression in
the end-stage renal disease (ESRD) patients’ skeletal muscles. Methods - Skeletal muscle samples were collected from non-chronic kidney disease (non-
CKD) patients and ESRD patients. PDH activity was detected by ELISA assay. Real-time qPCR was performed to examine gene transcription levels of
PDKI—PDK4 and PDH subunits. Western blotting analysis was used to detect protein expression levels of PDK1 and PDK4. Results - There were no
demographic differences between two groups of patients. Plasma creatinine and urea nitrogen were significantly elevated in ESRD group (both P<0.05),
while estimated glomerular filtration rate, hemoglobin and plasma albumin in ESRD group were significantly lower than those in non-CKD group (all
P<0.05). Skeletal muscle PDH activity in ESRD group was markedly lower than that in non-CKD group (P=0.014). There were no differences in PDKI—
PDK4 and PDH subunits mRNA transcription levels between ESRD and non-CKD group. PDK4 protein expression was significantly higher than that in
non-CKD group (P=0.000). Conclusion - The decreased PDH activity in ESRD patients’ skeletal muscle may be related to up-regulation of PDK4.

[Key words] end-stage renal disease (ESRD); skeletal muscle; pyruvate dehydrogenase (PDH); pyruvate dehydrogenase kinase 4 (PDK4); mitochondria
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LA T Bh e 0 DA R SR A Bh RE 1) 52 2 B WAl s 7
ESRD /N AL P 4 2 bz i v, PR R Hid 0B (pyruvate
dehydrogenase, PDH) i FFE", Zobifh &l AR
Y AR R, e R dIAE & ATP Bk 23T,
HEI R = SRIRIBINIEA T E AR R R ATP & AL 4
SR FEERETORIR . PR BFR L A8 i CIERIG A 2 HLHEA =
AN DB S A ST S [ Al aee g S v
BRI SRS &k, ZE &Kl PDH (HDEL), &K
SE Wk i e % #2 (dihydrolipoamide acetyltransferase,
E2) UL B — & Bt 2F Bk % i & B (dihydrolipoamide
dehydrogenase, E3) ZHJ, PR MER I SR A A 0 1L P R
W2 A B I A At PDH S5k, PDH [ i P i e fid
S5 EE (pyruvate dehydrogenase kinase, PDK) 15 FRfER
i S Me iR 8 (pyruvate dehydrogenase phosphatase, PDP)
2AVR R AT AR T BT, WRE Rk Z &1 6 ESRD
FH# WL PDH i& M JE 95 B, 3 6k Z PDK J PDP
RIRVESCBHIREZE, R A SCE X — [T T 025
£73= 208

1 HHSHE

L1 Bk G FEACR A

ESRD (353 B 1l 588 A Be Bkt @ ik B e B
R T NG AT B 48 A T A A% 52 i i AL I69 T Y CKDS
WBE, 10 A, JE1S M 5 BESS (non-chronic kidney
diseases, non-CKD) XfHdZH &k B sl K% &%
Bebtt A r R Be M AMRHAEHE S IE . JEALA B M2 T
RiITRVERE, 10 N, HEBREESZ o i ik Ay SO N %
B, AL, ML, FAETARZEZUEEE, &
Tt et T b A8 8 K e e P I T s e A g 4
LIRBIR AT X 5 AR ERFEe L R addt, A
A BE B A A [R5 . ESRD SB35 15 B WL P A
AT B EE AT RE, non-CKD 4 F B MUEEAS T-4H 17
FAR GnkBaFhicriliA . FAMGITEIEARSE) AR
e, HBERBEAA B RFEARET L, A ALA4HS
FEA—2Z2 B, STRISy 100 mg B THRE A, FIgA
LT 80 Cfr, MT/REHERFEE M.

1.2 %L PDH 3P

WL NI R P B Je,  DATRS IR 2% h i ik 25 ifiL
&, 100 mg 4 Z1hN 500 pL BERREE thilk, T ok B7esr’)
o AR B SRR A (MR B A 771 ) s BCA
(Thermo Fisher 2% w]) &M SE AWRE, H%E
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AR FRE R 23.7 mg/mL, AR ok L 2R A
ED BT, (61 PDH FE PEAS MR & (Abcam 23y
Al), R 0P AR R HIAE dh LA FL 100 pg 2819 A0 i f 4
996 fLBer, FimWE R 3 h, HULWIASINAAE B B,
R Bl b (3 2 25 M5 0 450 nm 4k (W S BE [D (450 nm) ],
Ll 100 mg 3 [ % 4 B [D (450 nm) & T & (9 o =
[AD/ (min - 100 mg) | A S MBEHE ML 55 .

1.3 St i PCR K

BOE EH LTIk B3, A TRIzol i1 B
RNA, Je#4 3%k cDNA J5 925 it 2 & PCR 8 H Y&
Wi, AW ASITFIERE 1. AT AR:
95 C 30's FiAs; 95 °C 55, 60 C 30s 4, PHastiiis
S EIE, 40 AN9E*R; 95 C 5s, 60 C 1 min, 0.11 C /s
FHIRZE 95 C, REEOUIE 5k / Copraitthsk: PRRE
50 C,

1 510)F 5= R
Tab 1 Sequences of the primers and expected product size

R ZR 5195 (57> 30 PR BE /bp

GAPDH L5 14 GGAGCGAGATCCCTCCAAAAT 196
T 14 : GGCTGTTGTCATACTTCTCATGG

PDHal Ei#214: ACCCTGGAGTCAGTTACCGT 111
U514 : CCACACTGGCAAGATTGCTG

PDHa?2 814 TGCTACCACTGATCCTGAGC 136
Ti#5 4 : TTCACACGTAGCCTCCCTTT

PDHb Fi5 14 : TGCAGGTGACAGTTCGTGAT 92
Ti814: GGCAACTTCTTCTCCAAGCA

PDKI LS4 : GGTTACGGGACAGATGCAGT 109
T84 : CGTGGTTGGTGTTGTAATGC

PDK2 514 : CAACGTCTCTGAGGTGGTCA 127
U814 : GTGAATCGGCTGTTTGGAGT

PDK3 514 : TGGTTCCTACAATGGCACAA 120

RS 4. GGAAAGAGATGCGGTTGGTA
PDK4 L5814 AGAGGTGGAGCATTTCTCGC 138
FifiB 14 . ATGTTGGCGAGTCTCACAGG

PDPI L5 14 : TCCTCGTCGGGAAGAATCGT 102
FiEE 4 : ACTTTGGACGGGTGGAGGAT

PDP2 L5149 : ATCTTGACCACCTCCGTGTC 119

514 : CAGCGAGATGTCAGAATCCA

1.4 Gy 25 B A

UGS m AL Tk B3R, MAS 1% & [ B 60
1% B % B 400 1) 751 79 RIPA 24 (Santa Cruz 2y &), ##
AL EEE., BCA KM EFAGEAQRE., #RMWEA
TN ARE% b B 672 M s FH T s A BN (Western
blotting) #5ill, & [ k¢ 4 £ SDS-PAGE # Ji Hik 2 85 J&
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R, F

B4 % PVDF i, 5% 415 A & H (BSA) =in
1 2h, IMA—$i, 4 CPEE L&, TBST P E A —
Pbt, ZmMEH 1 h, TBST BENE)G FH R REM 5 & B
BARGAM, —Pi BRG] %bi N PDKI Fidebi A
PDK4 (¥4 1:1 000, Abcam 2y =]). /N3t A GAPDH
(1:5 000, Proteintech Group 2y ®)), —Pu M FiBEbb Gl B
Rt E b (HRP) Ariciy il 2EH /b Hif HRP 45
ICHILLER S —H0 (392 1:10 000, BARAT),

L5 Heik2a itk

JSH] SPSS 20.0 #R{AFHEA TR 0T, E RFRILL x5
(E& ) deb i (01, o31#os (FRESS i), 4
# 2 ESRD 41711 non-CKD 41 5 & I PR FFAIE Lb 32
Tab 2 Clinical characteristics comparison of non-CKD and ESRD patients

ESRD #H non-CKD 4

e (N=10) (N=10) P
Eiy /B 57.00+16.44 61.50+15.27 0.534
B4 /n 7 6 1.000
BMI/ (kg/m’®) 2321+3.04 23.71+2.48 0.691
AHIE
i IS /n 9 4 0.057
2 RIPEBRIF /n 6 3 0.370
F R R RR
IgA 595 /n 3 N/A N/A
TIETER & /n 1 N/A N/A
B BRI B /n 2 N/A N/A
J5 R IBANE /n 4 N/A N/A

T BMIh BSR4 N/A FoRTEsmid .

2.2 il PDH 35 PR RS B
40k 1 fi7R, non-CKD 4 (n=10) [J-H # /L PDH {f
P T ESRD 4 (n=10) (P=0.014),

4,009

300+

2.004

1,001+

ALY (mine 100 mg)

1

ESRD #1

1
non-CKD 1
7. “P=0.014, 5 non-CKD 2 Fb#5,

1 B8AL PDH &M
Fig 1 PDH activity in skeletal muscle

http://xuebao.shsmu.edu.cn

IR I 5 A ML e oA R D S A 15 R P S D 4 R Bk | 307

A Lb &R M AR % (IE & A ) 8t Mann-Whitney 45 %
HEEZ i) s TR LECR T ¥ 5. P<0.05 R
ERAGIEE L

2 BER

2.1 2 4LBA IR FFAE LSS

ESRD 41l non-CKD 41/ A H % HEAE b 72 5 To g i
S8, ESRD AEH MANEF., RFRA D EHE (B
P<0.05), &% /NEk € ot # (evaluated glomerular
filtration rate, eGFR), IM£LE M, AEANDEREIL (1
P<0.05) (%2),

ESRD 4 non-CKD 2

fiks (N=10) (N=10) P
& LEERR

32 LT / (umol/L) 786.20+231.33 62.61+14.45 0.000
JRZA / (mmol/L) 30.395+8.788 5.140+ 1.050 0.000
eGFR /[mL/ (min - 1.73m’) ] 6.00 [4.00, 8.00] 99.02 [82.06, 137.80] ~ 0.000
MELE A/ (g/L) 94.00+13.50 136.40 + 8.00 0.000
HES/ (L) 32.73+5.71 41.01+3.76 0.001
C )R EH / (mg/L) 2.10[0.68,5.34]  6.60 [2.23, 24.40] 0.185
AL/ (U/L) 15.00+4.14 26.50+ 17.04 0.065
pH & 7.34+0.03 7.37+0.04 0.156
HCO,/ (mmol/L) 23.29+3.08 23.62+1.71 0.829

2.3 iR DUHSEHE Fl mRNA (RS ]

PDHal. PDHa2. PDHb %y 3| #%#fi PDH [ 3 A JE,
H S R ik B LA T N 2B Rl GAPDH Rk &
For. BRER, B#NLPLL PDHal F1 PDHD $55% 4,
PDHa2 % 3% /K V- 1R &, PDHal. PDHa2. PDHb mRNA
235 1€ non-CKD 41 1 ESRD 4l 7 [l £ R L& i 22 & X
(¥ P>0.05) (& 2A),

PDK. PDP & PDH i v (1) 8 -5 By, 55t 26 ok @ &
PCR &R BIR, PDK4 (LA MIAN hRIAFEiRm, H
a1~ 3 AR CHGRIAFEILICT PDK4, PDKI ~ PDK4
mRNA %35 7£ non-CKD 411 ESRD 41 7 [A] 2 S 45 2
B X, PDP LA # L YRR+ I RAL (3 P>0.05)
(& 2B),
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A
B non-CR D

B ESRDEH
0.03
0.02 H ' ﬂ
0.01 :

(L0 10 :
LTI T
0 T i T I;l T
P al Pa2 PIDHE

TE: A %ifith PDH #Y mRNA 44357k F-; B. PDH JifiiHy mRNA £k P
2 B#EALH PDH REFETEAXEENERKTE

Fig 2 Transcription level of PDH and its regulatory enzymes in skeletal muscle

0.05

0.04

Mk

2.4 i)l PDK1, PDK4 i35 K -k

PDK i /¥ {t. PDH 22 % 2 R 25 2. 23 {f PDH &b F %
15R A, F Western blotting 44 ] T 5 #& ILZH 25 PDK1 1
PDK4 fy#ik, 45 % ~, ESRD 4 PDK4 ik @& & T
non-CKD 4] (P=0.000), 24| PDKI £k ZRTLEIEE
S (P>0.05) (K 3),

A
non=CKDE ESRDER non-CK DER ESRDER
I’l)K]l - II ‘_iig-"!h";i'

ST T I L )

{im*[ml - ————— || -—-—— e  ——

B non-CKDE] B
-2 B ESRD4]
i

¥ 44
&
=
b =
;__1: 1 o

0= T T

P PIYRA

. A % JJL PDKI1 il PDK4 3[4 45475 B. 2 43 PDKI1 1 PDK4 ik k-
HILL#E, © P=0.000, & non-CKD 4HLER,

3 Western blotting #: Il =85l s PDK1 #1 PDK4 & B 5%k
Fig 3 PDK1 and PDK4 expression level in skeletal muscle detected by Western blotting

AWFFCIESE T ESRD & A #&ALH Y PDH 16 PEFEAR,
PABe & UL rh PDK4 B9 265K .25 % T non-CKD %, &
7« PDK4 {45 PDH B % {b 2% i T R Ho i PR A 3 %
JEH

JES: ESRD B35 #& )L PDH {4 B ICHA B35 3,
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B
0154 B non-CR D
B ESRIDd

st
;,] 010+
:¢ —
ZF 00107

(05~

0=
POKT POK2 PDRZ PR PDPD POP2

Bt & FWIARSEIF 58 Y 7 ESRD /hRL #1225 PDH {1k
F R Z A, B3k PDH #zh7] — & Cf# (dichloroacetate,
DCA) k& PDH {EM: 5 Re W& & /N RIS ShRe . {E
ESRD fE 3% w457~ PDH {4 B & AR PLEI, Bk &l
W FHE ZHITRYT 7 ks ESRD BAERINLA D&, &
2kl HB AR R TS FAR SC I R AR

PDH 22 53 5 R 25 (o7, i3 WO 1 4 D B i R AL AR & 40 01l
Yo PDH (3G L AIJi% ™, 1fi PDH RERR (LN 33 R 1L
¥ PDK #1 PDP iz, PDK fi:ft. PDH fffie {b i H i,
PDP {f PDH ZRfefb. #iis """, PDK #1 PDP JA{(H
P PDH [ E ", FRA 1% 4w PDH &3, PDK
11 PDP & 714 5] T fiff () mRNA % 55 #1 %) 52 & 4 #7 % 2L,
B # WL PDHal F11 PDHb (¥ 35 [R5 5 ok P . B
PDK 1 Wi i3t fE B s L A — 2 ik ™, (AT K
BL PDK2 F11 PDK4 W g H-#¢ L PDK (1) 2 88 e Sk ],
¢ 714 PDK4 [] T i 75 & #% L v i S K P dwe i s 1 PDP
A DR e AR AR, BRIk, A gk — 20 W PDH {5 %
Y PEAICAE 10t PDK A 2 {6 7 F 33, &A%+ PDKI Fin
PDK4 Y2 [ &k KBRS I &5 R & L, PDK4 Y
7K FAE ESRD B3 LA i B2 T Hipb4fEll ESRD &
# PDK4 Kk B ETH &, {6 PDH (75 ERERR 1L, Mifi
4l PDH i P4 5 80 # #& L™ 4= ATP 3k /), DCA & PDK
I mdil 0, B H DCA w42 ESRD /NERUILIA iz Bh RE
X W] GE A 8 1f f0 il PDK4, M ifi & £ PDH (1) 2 i B& ft.,
T i L oA SRz (R R T 4 7 . ATP B DDA B,

Be B 9 BF 52 M B R, lo, 25- T ¥k 4 Ak % D3
[1a, 25 (OH),D,] REME 7E & S 52 56 i B A % WL 41 i, PDK4
FneklR (k. PDH Bk, [RI BN S 2 b (A e fil & 405G &
1 OPA1 KR HIHEIFIIE 4> ZLAHOC 1 DRP1 Rk gL,
CKD #&H la, 25 (OH) ,D; KPR LL AR H WL, x5k
YRR T 4i 25 D3 R Hi%2{& (vitamin D3 receptor, VDR)
RS PR P S S A A AR TG PR/ ESRD B & LKA TC 0 & 9%
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HLAIR PR, 2011 45 % R 10— T meta 5y B " SRR 4072
A2 D3 gL b, ik Tix—Rik. HAT,
I ke 22 K 5 e o e RO BE AL BB SR TIE S P A R D3
e ESRD BE LA D EANESIREIHI K Z
AWETCH, 2 HEEIEN D ERAE LW 22 5. {2
4 FE9E 75 1H, ESRD 4H & ifil e 95 19 Eb 451 24 9/10, 1fi non-
CKD 474 4/10, wIHE 1 T Bl B D oY BT, 22 508
GittFE . HRET, BT I N S % I PDH i
1 PDK ZERAUAHSCIFZE, i i HtR A 77 2 B2 - i AL
PDH {& L AW, AREIEZHEA BB NIBR ], ESRD
20 R A i DU e 2 3 Fl, B TgA W, RIEHE
R BERIREIN, AR B S B ESRD & O AR #%
JJL PDH A1 PDK ik il |- 55 ARSI e AR B S A5 i AN
[, 5% — B AR A B T RIS E . BE
FERIBEE " R, B R Z R LR K 2k R0k e i o5
W, EAWFIEH, ESRD ZAY%E F7 R O] i 2 T non-
CKD 41, I & H 1 H & H /K73 W] K T non-CKD
eEmHEN, EFRAF AT REIRIZ 5 T PDK4 £k LA
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