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W OE EE5EM: IR ABE 445 o W (PDHAL) & BRI 20 A Y 0GB s, RIEE
FEAEREE A =R R UR A S BAE T, e A AR B R X SRR R LT — R Y 4 A
SeTo s, BU4MAETS. PDHALJEHIET-MAHCER, S HEAT SRR . AR AR HAEDE
B2 AR PDHAL 55 2L T80 19 06 32 I #5719 fa AH G 1 91 2 IR B A
Fik: I TCGA, TIMER, UALCAN, HPA . STRING. Gene MANIA . Kaplan-Meier, GEPIA , GeneCards
L5 Z AU PE X PDHAT 76 7L R 0 I R B AE 56 R . RIR IO . B A B AHIE 4% . JEH - 3L A
HAEMY . BUGIE . SRS TRV ESET 0, JHIH RIE T @RI
LR PDHAL AR TS5 2 T3 (P<0.001) . FRELMHH (P=0.031) . AFh (P<0.001) ., #2122
Bl (P<0.001) . PRIRA (P<0.001). ERARZA (P<0.001). PAMSO ML (P<0.001) 47 K. TCGA %)%
RN, AL PDHAT mRNA (19335 K- B B AL 1E % FLIR 2020 (P<0.001), UALCAN %45 1%
S5 ER, PDHALE A7EFLIUE K22k (P<0.001), HPA B EE— L I0IE 745 5 . PPLAE 1 AR
W24 A 1545 PDHAT M SC M BAERR o JEPH -3 P AR 56 R M 45 K145 21 20 4~ PDHAT A1 56 (1% B /R 3%
[N, PDHAL @R INA R FRN S AEGEM (HR=126, 95% CI=1.02~1.54, P=0.029) . K& KEEM (HR=
1.18, 95% CI=1.05~1.32, P=0.0051). #tEJ5EAFH (HR=1.41, 95% CI=1.07~1.86, P=0.015). ¥ #%
A (HR=1.29, 95% CI=1.1~1.52, P=0.002 3) #J{Ik-F PDHA1 kA2 . GSEA &5 5L F B PDHAL 5%
RIEAEFE T RFES 5 S S RRIGH MM . M GeneCards 1425 10 1 5 PDHAL Rk M E 1Y
L&Y, ¥ PDHAL L | AR . BT . NAMUIRIM 43 W19 ARG 85 2k P, A v ] e s 3 4 el ) 2
UL % 22 [ A AR I iy — 350 o
4512 : PDHAL = 2238 ZLH I £ 5 TS %% PDHA L fIRER 3K FR 35 25 . PDHAL 357K 7 J2 52 e ZLAR I 8 3 Tl s
FIAADGCIN 2R o 2T PDHAL 3k A 51 28 RS R ) T 3L I 28 5 U5 A PR AS 4 — 2 RO (B .
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Abstract

Key words

Background and Aims: The o subunit of pyruvate dehydrogenase E1 component (PDHA1) is the key
regulatory site of pyruvate dehydrogenase complex, playing an important role in connecting glycolysis
and tricarboxylic acid cycle, and it is of great significance for the metabolic transformation of cancers.
The latest research has found a new cell death mechanism, namely cuproptosis. PDHA1 is a gene related
to cuproptosis and participates in the regulation of its process. The purpose of this study was to explore
the relationship between PDHA1 and the prognosis of breast cancer by using bioinformatics methods
and establish a nomogram model related to the prognosis.

Methods: The clinicopathologic relationship, expression, protein-protein interaction network, gene-gene
interaction network, prognostic value, gene set enrichment of PDHA in breast cancer were analyzed by
using the TCGA, TIMER, UALCAN, HPA, STRING, Gene MANIA, Kaplan-Meier, GEPIA, GeneCards
and other databases. The nomogram model was constructed with R language.

Results: PDHA1 expression was associated with breast cancer T Stage (P<0.001), pathologic stage (P=
0.031), race (P<0.001), histological type (P<0.001), PR status (P<0.001), ER status (P<0.001), and
PAMS0 subtype (P<0.001). TCGA database results showed that the expression level of PDHA1 mRNA
in breast cancer tissues was significantly lower than that in normal breast tissues (P<0.001), while
UALCAN database results showed that PDHA1 protein was lowly expressed in breast cancer (£<0.001),
which was further verified by HPA database. The PPI protein-protein interaction network revealed
15 PDHA1-related interaction proteins. Twenty PDHA 1-related interacting genes were obtained from the
gene-gene interaction network diagram. Patients in the PDHA1 high-expression group had lower overall
survival (HR=1.26, 95% CI=1.02-1.54, P=0.029), relapse-free survival (HR=1.18, 95% CI=1.05-1.32, P=
0.005 1), post-progression survival (HR=1.41, 95% CI=1.07-1.86, P=0.015), and metastasis-free survival
(HR=1.29, 95% CI=1.1-1.52, P=0.002 3). GSEA results showed that PDHA1 co-expressed genes were
mainly involved in the S stage and tricarboxylic acid cycle in breast cancer. Ten compounds related to
PDHAI expression were identified from GeneCards. A nomogram model was constructed by integrating
the PDHA1 expression, age, radiation therapy, N stage and M stage, and the calibration chart shows that
there was excellent consistency between the nomogram prediction and the actual observation.
Conclusion: The prognosis of breast cancer patients with high PDHA1 expression is worse than that of
patients with low PDHA1 expression. The expression level of PDHALI is a related factor affecting the
prognosis of breast cancer patients. The nomogram model constructed based on PDHA1 expression has
certain value in estimating the prognosis of breast cancer patients.

Breast Neoplasms; The o Subunit of Pyruvate Dehydrogenase E1 Component; Prognosis; Computational Biology;

Nomograms

CLC number: R737.9
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ZRRTRAE IR DL S E AL B R ALK R ARk, PDHC
AR A S (E1) . — A B3 Bk 2 T
(E2) M EmrmRMEAn (E3) 4, Hh
TR S (E1) oo ARV BN 20 A%, o 7 B0 B
PDHAL, & PDHC 1 3% ¥ o4 45 £ &%, #& i,
Tsvetkov Z5"ViHF 5% & B — Fh B i A e T3k 4%, B
B BT AR S S A At T, BR b AR AE T
(cuproptosis ) , JFCUEWI4H H % 5 =R IG iy
NREEAL B 25 6, FEEATGEHEN I, R&R
A AE T o IF B WE 5 N i 2 A S8 T Y
SEAR AR, PEAT T 43 4] CRISPR/Cas9 Yy B

PR L, ARAF T 10 S HISE T A OC B K. FDXI .
LIAS. LIPT1, DLD. DLAT. PDHAI. PDHB,
MTF1. GLS. CDKN2A, PDHA1 {E 4 5E 1 (4 A0 ¢
HHE, HEHEET-LEAEE., R LN,
PDHA1 (235 5 2 Fh b 09 105 A OC, an 8 981
R N O N i o o TN S 18 R N2
TR A R B S ERUS A L T FL R g vk
PDHAL £k 55 X R WD AR . AR ETE
iz AR B 207 L8R 15T PDHAT 5 21 B9 11 )5 ¢
I TS A O 1 51 £k PR AR A

1 ARSI

1.1 HHEkiR

Je8 9 i IR 2H IR 3% B0 PE B (the cancer genome
atlas, TCGA) (https//portal.gdc.cancer.gov) & H Alf fix
R R 8 A B TR 2RO DR A T A3 2 DR R A KL
o P8 DUECE S SRR . N TCGA B8l P b Of 1
7L R S8 Y R TR R Rl PR B R H o R
RO 5 B B R B2k, 4% TNM 2348 g B3
WLONFR L ARRS . AHZUERL L ER PR ATHER-2
RS PAMSOME RS | #a ZR 7S . TP OL . A A
] AR S B e R AL 1 065 ], K i 3
4 3 PDHAL 755 3 35 % 533 ], ML 3 ik & 532 44,
PR I RS 4.
1.2 PDHA1ZEFLIRE AR R RYRIE KT

Ji 96t EPE AL R U8 (TIMER) B8 % Chitps://
cistrome.shinyapps.io/timer ) BN uEG B 7 8 H
Brigg e e i TR, AL 32 Pl IR 2R B, R
10 897 I~k H TCGA K dla Ji v B FE A AT 58 A
FH TIMER %4l % 22 53 3% 35 B Bk 3 B PDHAL 2 [H] 1k
Z R AE P SRR E O . A TCGA %4 72 X 3L it

© WA )3 of [ FF I F A EPTA

i T PDHAL mRNA (9 R8T 7047 . UALCAN i
J%  (http:/fualcan.path.uab.edu) & —4~3& F TCGA %%
B 2 v AR S g A KR AT AR 28 23 A FIAZ i B R
TE A G % E A A 23 L AL PDHAL 7R
NIE®EFIRALMIL A LUh R EA R
HPA #(4li % (The Human Protein Atlas) (https://www.
pro—teinatlas.org) J& 2003 4F Hy Fig ML B 2% 5 A 1Y I
H., BEM AR H B8ORS 40 . H8UM
B R N A B R L A )
BT PDHAT S e L GUL A 4521, ik — 20 453k PDHAT
2B K-

1.3 MEEBR-ZEE8REENE(PPI), EE-&

EEEM%&

STRING %t 4% )% (https://en. string—db.org) & %
IV A= W AR 3 2 1 T DG K R 2% B JL A 7 2 Y
Uz PO 2z B R b AR BB B AR AR RN
PDHAL #4 # 5 F i ELAE M 45 (PPL) . Gene MANIA
B e T X i PR Bl R AT 0 A R R0, L) 43 1
%y X B os ks 5 Z A OC &R (hupy/
genemania.org) ' F 1% B4 JFE 4 il PDHAL (1) 5
PRl — 5 PR B4 O 2 I 245 (5]

1.4 EHFSH

Kaplan-Meier Plotter { 4% £ (http://kmplot. com/
annalyss ) £ % K& A 3% 35 B4k F0 I IR 4l #)
2B TR 2 53 B B3R B Hh PDHATL 1Y 3 3K %) 3
Mg e MR R (overall survival, 0S) . TLHE &
HAEW (relapse free survival, RFS) | 3 & J5 A= 77 35
(post progression survival, PPS) . JG %% £ 4= 7
(distant metastasis free survival, DMFS) [ 0 , Ff
FE TCGA ¥4l Jo it — 22 B Uik PDHATL B 2 3K Xt 7L
Ji 95 AT OS WY SZ WR . dz B DR R A 22 (A 3R Cox (1]
U9 43 i W 5% PDHAL 76 7L b i 90005 o (6.
TNM 73 | Stage 7308 . AFh | 4FE#E . AR
ER. PR Fl HER-2 IR Z5 . PAMSO M2 AL | 78 28 4R
TP 1 0 5 BEAT 43 )2 3 M7 4% . 2H b PDHAL 1 % 35
HFLIRE B OSHIE R o P<0.05 4 25 5+ A Gi it
X
1.5 HEEFRSEESSH(GSEA)

i# 1L GEPIA %% #¢ )% (http://gepia. cancer—pku.
en) P e HY PDHAL B9 2R B, i R U
“clusterProfiler” X} H #f 17 GSEA, i I & 1E /9 P{A
FE — b 19 5 4 20 80 (NES) ZRAE & 4 40 B 1 45
B H “geplor2” f1Lff GSEA & %43 #1 il M4k .
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1.6 ER-{LEUHEEERDN

GeneCards %5 32 J%2 (www.genecards.org) 2
AT . AU NSRRI R R, et T
JIE ARSI Y N S B TR i B R L R
[ | FEsR e BRAR DI RE B, A BT A H]
R PR -4k 5 PDHAT JE PR 56 iy ¥ 76 AH B AR H]
miLE Y.
1.7 J&EHESRE

iz f R %5 5 survival Il rms % £F £ (survival
package R 3.6.3 . rms package R 3.6.3) 4 % F[ JIif &% T
Jo PRUZR 0 5 e PR AL R TR R A2 R
Cox [0 5 43 Ay v i 326 1 ke 114 5% el 2L 9 191 F (9 2k <7
fE B N 2 [z PDHAL YR IB A SN L B o 22l

R T 2k LIE Al PDHAT 51 28 18] A F30 0 1 552 B W %3¢
Z ) — 2k

2 # B

2.1 PDHA1 RiEEIGKRFFIERN X F

K FH x? K 5643 At PDHAL 235 5 3L R 988 It TR 6
PEARAE 22 (8] 1) 56 2 . PDHAL 2 RG22 3k 2 il %
INALTET 48 (P<0.001) . 9k B4 (P=0.031) .
AFf (P<0.001) . dHE12FEA (P<0.001) . PRARZ
(P<0.001) . ERJIRZE (P<0.001) . PAMSO0 V%! (P<
0.001) Jrmbi, ERrBEAGIFFEL (£1).

F1 kB TCGAHIEEMILERERA S PDHAL RKiZ SIGRFEFSEHEZ BHXEn (%) |

Table 1 Association between PDHA1 expression and clinicopathologic characteristics in breast cancer samples from the TCGA

database [n (%)]

PDHAL{k#ik  PDHAI &k PDHA1{#i5  PDHAIL =3k
FHIE RHIE
(n=532) (n=533) (n=532) (n=533)
T4 PRARZS
T1 164(30.8) 111(20.8) BT 106(19.9) 232(43.5)
T2 284(53.4) 331(62.1) 0,001 A 2(0.4) 2(0.4) <0.001
T3 75(14.1) 62(11.6) FH 400(75.2) 274(51.4)
T4 9(1.7) 26(4.9) ERJRAS
I\ 50 52(9.8) 185(34.7)
NO 246(46.2) 261(49.0) ANHRE 0(0.0) 2(0.4) <0.001
N1 182(34.2) 167(31.3) 0750 FEE 456(85.7) 322(60.4)
N2 56(10.5) 60(11.3) HER-2JIRZS
N3 37(7.0) 37(6.9) 31 287(53.9) 261(49.0)
M3 AHhE 6(1.1) 6(1.1) 0.074
MO 428(90.6) 461(86.5) 0.168 FHPE 66(12.4) 91(17.1)
M1 6(1.1) 14(2.6) PAMS0 W 7!
9 534 TEHFLAREERY 22(4.1) 18(3.4)
I 104(19.5) 76(14.3) luminal A 7 373(70.1) 178(33.4)
il 285(53.6) 321(60.2) 0.031 luminal B %! 83(15.6) 119(22.3) <0.001
111 124(23.3) 114(21.4) HER-2 32 3RiA 4 26(4.9) 56(10.5)
v 6(1.1) 12(2.3) LR 28(5.3) 162(30.4)
NFh Ak
WA 27(5.1) 33(6.2) ERZ) 109(20.5) 115(21.6)
EYNEEIZ SN 65(12.2) 114(21.4) <0.001 [l 4 25 3] 19(3.6) 20(3.8) 0.879
SN 405(76.1) 332(62.3) Y28 J5 350(65.8) 343(64.4)
AFEIR (%) Jipda v
<60 291(54.7) 297(55.7) 7 271(51.0) 282(52.9)
>60 241(45.3) 236(44.3) 0.784 val 261(49.0) 251(47.1) 0201
YT i eig
2l R R 320(60.2) 437(82.0) 7 213(40.0) 219(41.1)
<0.001 0.542
BN 150(28.2) 52(9.8) = 278(52.3) 262(49.2)
© WA F [ HE A FH 4 E BT http://www.zpwz.net
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2.2 PDHA1ZEZLERE R HIRIZKFE FLIRA181 (P<0.001) (& 1B); H|F UALCAN %% 4z

TIMER %4 J% 73 7 {2 7% PDHAL 72 FLBRE FP R 40 H PDHAL 8 (178 1E % 5 FLIR B 41 80 (1 & 1k
ik (P<0.001), 54k, B B EBUE (ACC) . B, 458 (B 1C) W78 PDHALZE (A 78 3L IR 4
B R (ESCA). H&EUIAMEE (KIRC) ., AtERE 2P &L (P<0.001), HPA X# 4 s LR IE &
PEF R (LAML) 45 BhJ% o PDHAT I B 2 K%  2040% PDHAT ¢ éﬁmk% M7 7 L 955 4 41
ik (P<0.001) (181 1A) 5 TCGA % ¥ 43 #7 = 5 PDHAI”“@JWEVJ@F — 865 9F PDHAL 45 1 75
W9 B # PDHAL mRNA [ % 5 K7 B F K FIEH FL I 2 IR Gk —Q*ﬁ“é (K 1D),

Tﬁ 8 P<0.001
5] 9..
'J —
s |y =
g i
ZE6 T 8
L e A
s Q] o + a
2w ] 8= 7
=<4 =)
= A=A
= £ O
a gc
&~ <
[ 54
[}
=
E 4

&
-14
_2_
-3
EHR AL 22 . :
El1 PDHA1 B &KL 5 A PDHAlTKIEJH[FFEPH’J%%L_, B: zLﬂ%anﬂf/\ EPPDHAl 1Y % 35 15 O

C UALCAN%#5 i v PDHA | 22 AR FUARIE FIIE 5 218U #1500 ; D: HPA ﬁlﬁgﬁqj PDHA1 # FH7EFL R FLE
HEH RIS TE

Figure 1 Analysis of PDHA1 expression  A: Expressions of PDHALI in different tumors; B: Expressions of PDHAL in breast

cancer and normal tissue; C: Expressions of PDHA1 protein in breast cancer and normal tissues in UALCAN database;

D: Expressions of PDHAT protein in breast cancer and normal tissues in HPA database

2.3 HWEZEHPPIM%

i b #4  PPLAE T AE M 4%, 5 PDHAL A 3¢
HAEEHAA 154, 45 : PDHB, DLD, PDHX,
IDH2, DLAT. IDH3A. IDH3G. SUCLA2, PDPI,
PDK4.  PDK1. PDK3. IDH3B.  DLST.
OGDH ([¥2),

24 MEBER-EREREEMNLE

AT R L - E /R M2, 5 PDHAL A G
HfE X WA 20 4, BP PDK1, PDK2, PDK3,
DLAT, PDHX. PDHA2, PDHB. CS. HSDI7BIO,
DLD. PDPR. PDPl., TRIM2. TRIM3., OGDH,

ACO11462.1.  DHTKDI.  OGDHL.  ABAT. 2 DHAIAE(EREAMSIH
OAT (F3). Figure 2 Analysis of PDHAL1 interaction protein network

© MK A o ] EF SR E T http://www.zpwz.net
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&3 PDHAIEE-EFEEEMNLE

Figure3 PDHAI gene-gene interaction network

2.5 PDHA1ZEFLRESRRIZHTENE

PPS. DMFS i Ji 45 1 ¢ & ¥ 4 fr 78« PDHAL

L B R A4 0S (HR=1.26, 95% CI=1.02~1.54,
P=0.029) . RFS (HR=1.18, 95% CI=1.05~1.32, P=
0.005 1) . PPS (HR=141, 95% CI=1.07~1.86, P=
0.015) . DMFS (HR=129, 95% CI=1.1~1.52, P=

0.002 3) HLTALRIRA . 7F TCCA %4k 1 ik —
15 2 55 4F PDHAT JE A 5 32 8 4119 OS ik FAR &R ik
4 (HR=147, 95% CI=1.06~2.05, P=0.021) . H.[A
Z Cox [T/ M7 45 478 TNM 408 . s 304 . 4F
W oo AR UG YT 1 PDHAL %
KSR R E WS R (P<0.05), Z K&K Cox
[l )3 53 Br 5 /v PDHAT £ 38 AN 2 20 MR e 78 1005 1)
ML fERINZE (2). HAN, TEFER>60% . T2,
N3 MO, JRERIY . gat s . ARl EL R AR
FIOSH, PDHAL & ik 4 ik T PDHAL Ik ik 41

LI 9 B b PDHAL B9 £ 35 5 0S. RFS. (E5) (P<0.05).
0S RFS PPS DMFS
1~0' HR=1.260 (1.020-1.540) 10- HR=1.180 (1.050-1.320) 10' \ HR=1.410(1.070-1.860) 10- HR=1.290(1.100-1.520)
logrank P=0.029 logrank P<0.01 logrank P=0.015 logrank P=0.010
0.8 0.81 0.84 ‘# 0.8
2 o fd 2 I\ = T .
= 0.6 g = 0.6 Z 06] 1Y = 0.6
Z 04 A = 04 204 N = 04 “H
£ £ & N £
0.2 kxpression 0.2 gxpression 028+ esion 0.2 Expression
— — — —
0.0{—# 0.0{—# 0.0{—# 0.0{—"#
0 50 100 150 200 250 300 0 50 100 150 200 250 0 50 100 150 200 0 50 100 150 200 250 300
i ) I ) I ) I )
El4 PDHAIRZESIREHITHEHIXR
Figure 4 Relationship between PDHA1 expression and prognosis of breast cancer

#&2 PDHAlBEZEMZHEZE Cox BTSN

Table 2 Univariate Cox regression analysis and multivariate Cox regression analysis of PDHA1

LHiSES

ZINER

i { % (n) 2 P
HR(95% CI) HR(95% CI)
T3 1061
Tl 274 — — — —
T2 615 1.268(0.842~1.911) 0.256 0.775(0.317~1.896) 0.577
T3 137 1.579(0.937~2.661) 0.086 1.111(0.390~3.164) 0.844
T4 35 3.749(1.953~7.195) <0.001 0.857(0.219~3.349) 0.825
N3 1045
NO 507 — — — —
N1 348 1.826(1.232~2.706) 0.003 1.020(0.488~2.135) 0.957
N2 116 2.502(1.472~4.253) <0.001 2.108(0.576~7.718) 0.260
N3 74 4.202(2.323~7.601) <0.001 3.948(1.172~13.298) 0.027
M 4318 909
MO 889 — — — —
M1 20 4.327(2.508~7.465) <0.001 12.048(1.830~79.303) 0.010
© WA F [ HE A FH 4 E BT http://www.zpwz.net
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%2 PDHA1E2REEMZEE Cox HIFRH (£L)
Table 2 Univariate Cox regression analysis and multivariate Cox regression analysis of PDHA1 (continued)
H W) A P ek P
HR(95% CI) HR(95% CI)

p ] 1041

I 179 — — — —

i 606 1.595(0.923~2.758) 0.095 2.810(0.732~10.783) 0.132

111 238 2.966(1.666~5.280) <0.001 5.629(0.988~32.089) 0.052

v 18 11.568(5.550~24.113) <0.001 — —
N 975

WA 60 — — — —

EYNSE| =SSN 178 1.550(0.470~5.105) 0.472 — —

SEEIUN 737 1.297(0.410~4.102) 0.657 — —
AEI(S) 1064

<60 588 — — — —

>60 476 2.036(1.468~2.822) <0.001 2.343(1.256~4.371) 0.007
HAF A 959

B S 757 — — _ _

BN 202 0.860(0.546~1.355) 0.516 — —
PRIRZS 1016

BT 237 — — — —

ANE 2 13.114(3.130~54.943) <0.001 — —

FHPE 777 0.704(0.487~1.017) 0.061 0.569(0.227~1.428) 0.230
PRIRZS 1015

[ 338 — — — —

ANE 4 0.877(0.120~6.410) 0.897 — —

FHPE 673 0.763(0.541~1.075) 0.122 — —
HER-2:RA 717

[0 548 — — — —

AHE 12 0.000(0.000~Inf) 0.994 — —

FHPE 157 1.611(0.981~2.644) 0.059 — —
PAMS50 1 5 1024

IEHFLAREERY 190 1.187(0.756~1.864) 0.457 1.583(0.548~4.572) 0.396

luminal A #Y 550 — = = —

luminal B 202 1.689(1.103~2.587) 0.016 1.335(0.674~2.642) 0.407

HER-2 2 %357 82 2.292(1.341~3.919) 0.002 1.108(0.357~3.437) 0.859
JEESY I 955

Y251 224 — — — —

Rl 22 ) 39 0.398(0.053~2.993) 0.371 0.949(0.120~7.481) 0.960

M2 )5 692 2.218(1.316~3.737) 0.003 1.507(0.671~3.385) 0.320
Ji e for 1064

i 553 — — — —

£ 511 0.776(0.559~1.077) 0.130 — —
J1¥ig 971
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A: Gene set enrichment analysis of PDHA1 co-expressed gene; B: Mountains map for enrichment
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