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Abstract

Objective: Evaluate the differences in the expression differences of AMPK subunit in clear cell ren-
al cell carcinoma through the cancer genome atlas (TCGA) data and patient survival prognosis
correlation; simultaneously explore its impact on immune cell infiltration. Methods: Use TCGA’s
RNAseq data and the genotype-tissue expression (GTEx) database to analyze the expression and
prognosis value of AMPK subunits. Use the Gene Cards database to select an expression gene to
form AMPK subunits. Use the R software package Survival (version3.2-7) for AMPK subunits
enrichment. We downloaded the immune cell infiltration scores of the TCGA sample from pub-
lished articles and online databases. We analyzed the correlation between the infiltration level of
immune cells and the expression of AMPK subunits. Results: Compared with healthy people, AMPK
subunits significantly differ in renal transparent cell carcinoma tissue. In addition, AMPK subunits
expression is significantly correlated with the prognosis of renal evident cell cancer, clinical stage,
and immune cell infiltration. Conclusion: The abnormal expression of the AMPK subunit may play
an essential role in the development of clear cell renal cell carcinoma, and each AMPK subunit
may have an independent function.
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1. 3]

' 375 HF 4011 B 2 (Clear cell renal cell carcinoma, ccRCC)S& i i WA F B AR B M A I fe 2l 4228, A0
B B WEATIRE ) 70%~80% [1]. RS FARVIER & ccRCC BEH I FEEIGIT ik, (HPBR I K LR XTLST
HUBUR ARG IR — DBl R Pkl . BARIAER JURA S 29 TR e ve o, A —MARe
FEAERE AR E AR R, FFER R ZHOEE AT KIAGYT, D 200U 2 AL FIVA T LR A, AR
PEFIMSVERR I I AVRI AR (1] 1T B SRR B AR 2 1) 2 ccRCC R AR R R (1) S BRFIIE 2 — [ 2]

R 0 SR AT B TS AR N Sh A PSR B2 T RO SRR R R S AR T, AR
K AR T B ok 4k £ B & O 7 40 i 2B F . AMP K #8511 25 (4 4 B (Adenosine 5’-monophosphate
(AMP)-activated protein kinase, AMPK)H a-F3E(al, a2)F p-XEFE(S1, f2)F1 -0 FE(p1, 92, p3) =PV FEA B,
Hrb, o WL, BLEERT y B3 HIAEMEAGAE H « 4ERF = SRR e MR R R e 1t T 1T S B 22 /E F (3] [4].
AMPK e —MEEMEERRZH, ERERS]. 1230, 2 ML~ EE, WA RRE
SRR, IWM4ERRRE R P47, BOHRAE RSP 5 ([5] [6]. 112 DU TUE B AMPK f£ SEAR I8
a7 T R B IRAER7] (8]

FEARBEFH, FARST T AMPK MEEE 308 JH 5 15 18 B 4 e £ 38 oS () QR o sl A (3 L2200
T, 8 AMPK WEEEAE ccRCC H I REAE FHR AL 17OBT I DL, [RIIN A EREET 78 S50 R TG T 3R 48 7R 75 1a) .

2. #REFE
2.1. BUERE
M UCSCXena %(#5 £ (https://xenabrowser.net/datapages/) | ¥ J& it 3 K] 2 &1 (The Cancer Genome At-
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las, TCGA)FFER B ~ 2H 15K 15(The Genotype-Tissue Expression, GTEx)MJ RNA 1A flilm pREHE . 15 H
GeneCards ¥4 % 43 7 F % AMPKal, AMPKo2, AMPKS1, AMPKfA2, AMPKyl, AMPKj2 5 AMPKjy3
SV L RIS PRKAAL, PRKAA2, PRKABI, PRKAB2, PRKAGI, PRKAG2 5 PRKAG3 HIFE[A

2.2. ZESH

M TCGA 5 GTEx (A #2HL AMPK FI3R 1A K] ENSG00000162409 7E25-A™8g ¥ 4% A 1 2R 15 4
W, HE— B A RIA AT T log2(x + 0.001)38 4, F e RATED G T B EEANUNT 3
ANHER, REIRTET 34 NEM I EEBE .

23. REMRRIEIH

BAIM TCGA 5 GTEx ¥ 32 HL 7 AMPK V3838 R 7E % M FEAR i Rk i pr v i &2, it —20
HIFATIE T FEARYE N: Kidney renal clear cell carcinoma (TCGA-KIRC)IFEA, T it—0 x4 —4
RISHEAAT T log2(x + 0.001)3He, SANFATEMNF 73 HIHREL T ccRCC AIFEIFRILNE, KTk mh i 2]
GeneSymbol I, Fit—PHFIH R # A ESTIMATE (versionl.0.13,
https://www.rdocumentation.org/packages/EstimateGroupNetwork/versions/0.3. 1 )R 4 3 K FR 15 1142 7 83
B H 1 ESTIMATE Rl 0757 -

2.4. FE7HT

TATIRRLE (Cell) L) TCGA FilE# 7 H 345 7 =i E K TCGA K84, M UCSC i
FEHFSRELUT TARGET BEVSEIEMENANTE, FEAIBRBEVT IS TR T 30 RAEEA, B 1xta— ARk H
HHAT T log2(x +0.001)38 ¥ . K H Kaplan-Meier 73 #T1TAf AMPK MEFETE TCGA B\ 2 B 41 i jes £ 2 11
BATF(Overall Survival, OS)F HI52M .. R A€ survival (version3.2-7)ff) coxph ERZEZEE L COX LEAI X
W [ A5 28 3 Ay ik (R 0K 5 TR R TS 98 R o

2.5. GitFEAE
fliHH RIET 422 BAHTHAE NS H o8, (FEFRMERFIME £ FRfEZE(X +s)Ew, A 1
AT AR ESR. P<0.05 NN EFSIF#E .
3. R
3.1. AMPK 7t 5iEFA4RAEE P B RIA D4

8 TCGA ¥ FEXT AMPK 7E & MFEARM R IEAGHLEATIZ I 0. 48R E7R, X T IEWFEA, £
5 ccRCC 1) 25 Fi i b M 22 3] AMPK [IRIAEFE N, 76 4 PR b RIAHE ERLE 1), FE

i PRKAAL, PRKAA2, PRKABI, PRKAB2, PRKAGI, PRKAG2 5 PRKAG3 %5 7 Ffi 5[] 4% [ {d
ANBES ccRCC B B MEA AT 4 HA T HFIETE DL, 1E ccRCC MyBALARIL AT R I b, S5RK
B, AMPKa2, AMPKS1, AMPKy2 =Rl HILE ccRCC HIERIA B PP < 0.01) (LI 2(2)~(2))-
3.2. AMPK 5 BB R4 EIREK > B 2 B AV EL 7R

FATEEL 7B TCGA I REHE 5 AMPK %N A BN iy ik 1%, i — B PF4h T AMPK ££ ccRCC
ANREIE > MR 3Rk, KB PRKAAL, PRKAA2, PRKABI, PRKAB2 5 PRKAGI 5 5 Fhk K KA FH
R A FE 2B T AR (LB 3(a)~(g)). i PRKAAL, PRKAA2 FikEZEFEIK(P <0.01), XEegsR
W, AMPK KIFIES ccRCC I AW A2 AT e S5 DA 9% .
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Figure 1. The difference in expression of AMPK in various cancers
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(a) AMPKal WH4H; (b) AMPKo2 A4 ; (c) AMPKA1 A4 ; (d) AMPKB2 W4 ; (e) AMPKy1 WA ; (f) AMPK;2
WHAH; (g) AMPKy3 T4,

Figure 2. The expression of AMPK subunits in clear cell renal cell carcinoma
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3.3. AMPK HFRIAS & ZERREN TG 94

Kaplan-Meier OS #7455 %8, PRKAAI, PRKAA2, PRKABI, PRKAB2, PRKAGI 55 PRKAG2
IERIEN ccRCC BHF FIRI R R LE 4(a)~()), EEIEF T ccRCC BHIELRP <0.01),

3.4. AMPK 5% & RH2Z BX R
FAVEBIEET IR T AMPK %V R R & F R LE ccRCC B RBEAR T ) 3148 BIE RS 0 IR TEIE7

DOI: 10.12677/acm.2023.1361381 9881 I IR = =23t e


https://doi.org/10.12677/acm.2023.1361381

TR T 8L F) ccRCC K 492952 5 PRKAAL, PRKAB1 & &3 1IEA55(P < 0.01), {H /& PRKAB1
BEEFEAMIEP<0.01) (LE 5(2)~(2).
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(a) AMPKal FE R4 ; (b) AMPKe2 TEHYZH 5 (c) AMPKA1 TEH4H ; (d) AMPKA2 TE2Y4H ; (e) AMPKy1 YERU4H 5 (f) AMPKy2
WAI; (g) AMPKy3 IERI4 .

Figure 3. The effect of AMPK subunits on the clinical classification of clear cell renal cell carcinoma
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(a) AMPKal A4 ; (b) AMPKe2 THY4H ; (c) AMPKA1 A4 ; (d) AMPKA2 A4 ; (e) AMPKyl WA ; (f) AMPKy2
WAI; (g) AMPKy3 R4,

Figure 4. Correlation analysis of AMPK subunits and clinical survival of clear cell renal cell carcinoma
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Figure 5. Correlation between AMPK subunits and immune infiltration
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Figure 6. Correlation of AMPK subunits with infiltration of various immune cells
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I HEZ L, L L9, B ccRCC BAERMMBET- X, BENKIGITiEE+0H R
[10]. VF2AERIBTFE AR I, Fam) e ae A AEY) & AR AR R A 1324, RIS H T ccRCC & —
FRARUPEZ R FIMES[11]. AMPK fEACUHTEAE . Zekifhsh 775 LR e AL 14 55 77 T # R #5 45 51 244
Mo X AWREH TRYT ccRCC HIHT AN EE FH & 254t 1 7510

KHFFLAF, EIEAEYE RS RI AMPK WA RIEEE ccRCC EFMIHRIE. 5 & %% gm i
JTAELEAE R . AMPK & —FEH o, pF1y WER RIE=REEEY, =FAFEERNRIEZ %)
MR, DARRFEATE AMPK & &R B F2 H i KCE P4 [12]. AMPK V3 B A T A8 [7] % 644 X3 (1)
AFIEER Gt , EEAGLEAME S, T AMPKa2 F1 A1 43 HiI7E 40 MR R 20 B s o ml DRI E, X w] B
e T EAIAE ccRCC AL () RIE 22 7 [13]0 AT Ju s i A g i 1 v B DR 50 3 1) R 2 PRI
WEHE o

it TCGA 5 GTEx ¥ FE ik th ccRCC &3 PRI PR 73 A i &N AL ) ik &, 404t KB ccRCC
R FEHE 5 AMPKal, AMPKa2, AMPKA1, AMPKA2 5 AMPKy1 TifiilE Y (13R85 AH ¢ . 9 H. AMPKal,
AMPKo2 78 1 g rh (R E 250 )5 1L TV MR I 2 7 . 3877 AMPKo )35 & 7] eI R 43
HAEESEE L. BT Kaplan-Meier 17 B2 087 & B AMPKal, AMPKa2, AMPKfSl, AMPKS2,
AMPKy1 5 AMPKy2 /SFHEAF)3RIE Y ccRCC B AAER Al 2 IEAHIG. 24 F 4T AMPK W EALE AR
Fe e T REE I T AR A PR . B 7 3RIRAS AN, E— 2D AMPK 724 1) Dh Rt & b EE (1)

A& AMPKal 1 AMPKo2 Ff2 35 s [ i e & 4, 12 SUM R > CD8/CD4 T 4 fitdi i
[14]. AWHFEH I, AMPKal 5 AMPKyl FIRIE A §EE CD4+ T 4iffl. CD8+ T AMIIRIHAHIE, MIfE
1) ccRCC KK e 1228 HeRe it Rt R /R, X AT REVEN ccRCC %097 8 T 78 77 1) . AMPKa
Al DU AR E S E 1 (ULK )OS E0E E WSk A 200 i 40 i g 40 B 3G 56 15]. 76 UP 8 B h
AMPKa2 % IE H 8L, AMPKo2 (KA K 98 o] G 2 AT SE R A2 28 PE[13]. E—P1UE T AMPKa
WA FEAETIRE . EAN R AR vl B B R F G AMPK 3 O RIRARAS, (BXF T AMPK 38 4 fa] £ Ji
JETE RGRAENE R THLHI MANE 2. AMPK 3V A7 78 8- A SR8 i w1 220 TR v S S 7 il & 2B
R I R v R R e S e B A

g bRk, AR FEIE S H 2 FAEYME BT 5%, 6 AMPK RSP 57 B 40 e R Rk AT
TEEEHT, AN AMPK WKL E S ccRCC BHKIRFE. TG S S 4 i 7 T A7 (A S Pk,
HHAANWHEATHELE ccRCC BT RAEVER . #E—25 % AMPK W3 7E ccRCC Ko THLHIShRERT 7O
BT IR R 25 O K, #E IR AMPK 1 B8 2 AREIE BTG TT FRE— 2B g 1%

EHEWH

K FARBHAIE &I H (81703511 NZEH EVA X HARRIEFE ST H (2019MS08136); 52 i EEREK
F CHu N TH(ZY0130012); N5 EERFERS 1 _E 5 H (YKD2021MS019) .

SE

[1] Hsieh, J.J., Purdue, M.P., Signoretti, S., Swanton, C., Albiges, L., Schmidinger, M., Heng, D.Y., Larkin, J. and Ficarra,
V. (2017) Renal Cell Carcinoma. Nature Reviews Disease Primers, 3, Article No. 17009.
https://doi.org/10.1038/nrdp.2017.9

[2] Massari, F., Ciccarese, C., Santoni, M., Brunelli, M., Piva, F., Modena, A., Bimbatti, D., Fantinel, E., Santini, D.,
Cheng, L., Cascinu, S., Montironi, R. and Tortora, G. (2015) Metabolic Alterations in Renal Cell Carcinoma. Cancer
Treatment Reviews, 41, 767-776. https://doi.org/10.1016/j.ctrv.2015.07.002

[3] Hsu, C.C., Peng, D., Cai, Z. and Lin, H.K. (2022) AMPK Signaling and Its Targeting in Cancer Progression and
Treatment. Seminars in Cancer Biology, 85, 52-68. https://doi.org/10.1016/j.semcancer.2021.04.006

DOI: 10.12677/acm.2023.1361381 9884 I IR = =23t e


https://doi.org/10.12677/acm.2023.1361381
https://doi.org/10.1038/nrdp.2017.9
https://doi.org/10.1016/j.ctrv.2015.07.002
https://doi.org/10.1016/j.semcancer.2021.04.006

Xy 5%

[14]

[15]

Yan, Y., Zhou, X.E., Xu, H.E. and Melcher, K. (2018) Structure and Physiological Regulation of AMPK. International
Journal of Molecular Sciences, 19, Article 3534. https://doi.org/10.3390/ijms19113534

Li, M., Verdijk, L.B., Sakamoto, K., Ely, B., van Loon, L.J. and Musi, N. (2012) Reduced AMPK-ACC and mTOR
Signaling in Muscle from Older Men, and Effect of Resistance Exercise. Mechanisms of Ageing and Development, 133,
655-664. https://doi.org/10.1016/j.mad.2012.09.001

Yavari, A., Stocker, C.J., Ghaffari, S., Wargent, E.T., Steeples, V., Czibik, G., Pinter, K., Bellahcene, M., Woods, A.,
Martinez De Morentin, P.B., Cansell, C., Lam, B.Y., Chuster, A., Petkevicius, K., Nguyen-Tu, M.S., Martinez-Sanchez,
A., Pullen, T.J., Oliver, P.L., Stockenhuber, A., Nguyen, C., Lazdam, M., O’Dowd, J.F., Harikumar, P., Toth, M., Beall,
C., Kyriakou, T., Parnis, J., Sarma, D., Katritsis, G., Wortmann, D.D., Harper, A.R., Brown, L.A., Willows, R., Gandra,
S., Poncio, V., de Oliveira Figueiredo, M.J., Qi, N.R., Peirson, S.N., McCrimmon, R.J., Gereben, B., Tretter, L., Fekete,
C., Redwood, C., Yeo, G.S., Heisler, L.K., Rutter, G.A., Smith, M.A., Withers, D.J., Carling, D., Sternick, E.B., Arch,
JR., Cawthorne, M.A., Watkins, H. and Ashrafian, H. (2016) Chronic Activation of Y2 AMPK Induces Obesity and
Reduces g Cell Function. Cell Metabolism, 23, 821-836. https://doi.org/10.1016/j.cmet.2016.04.003

Wang, Z.Y., Wang, N., Liu, P.X. and Xie, X. (2016) AMPK and Cancer. In: Cordero, M. and Viollet, B., Eds.,
AMP-Activated Protein Kinase, Springer, Cham, 203-226. https://doi.org/10.1007/978-3-319-43589-3 9

Ciccarese, F., Zulato, E. and Indraccolo, S. (2019) LKB1/AMPK Pathway and Drug Response in Cancer: A Therapeu-
tic Perspective. Oxidative Medicine and Cellular Longevity, 2019, Article ID: 8730816.
https://doi.org/10.1155/2019/8730816

Charbonneau, M., Harper, K., Brochu-Gaudreau, K., Perreault, A., McDonald, P.P., Ekindi-Ndongo, N., Jeldres, C.
and Dubois, C.M. (2022) Establishment of a ccRCC Patient-Derived Chick Chorioallantoic Membrane Model for Drug
Testing. Frontiers in Medicine, 9. https://doi.org/10.3389/fmed.2022.1003914

Mendhiratta, N., Muraki, P., Sisk Jr., A.E. and Shuch, B. (2021) Papillary Renal Cell Carcinoma: Review. Urologic
Oncology: Seminars and Original Investigations, 39, 327-337. https://doi.org/10.1016/j.urolonc.2021.04.013

Wettersten, H.I., Aboud, O.A., Lara, P.J. and Weiss Jr., R.H. (2017) Metabolic Reprogramming in Clear Cell Renal
Cell Carcinoma. Nature Reviews Nephrology, 13, 410-419. https://doi.org/10.1038/nrneph.2017.59

Wang, Q., Liu, S., Zhai, A., Zhang, B. and Tian, G. (2018) AMPK-Mediated Regulation of Lipid Metabolism by
Phosphorylation. Biological and Pharmaceutical Bulletin, 41, 985-993. https://doi.org/10.1248/bpb.b17-00724

Li, C., Liu, V.W., Chiu, P.M., Chan, D.W. and Ngan, H.Y.S. (2012) Over-Expressions of AMPK Subunits in Ovarian
Carcinomas with Significant Clinical Implications. BMC Cancer, 12, Article No. 357.
https://doi.org/10.1186/1471-2407-12-357

Gao, Y., Paivinen, P., Tripathi, S., Chan, D.W. and Ngan, H.Y. (2022) Inactivation of AMPK Leads to Attenuation of
Antigen Presentation and Immune Evasion in Lung Adenocarcinoma. Clinical Cancer Research, 28, 227-237.
https://doi.org/10.1158/1078-0432.CCR-21-2049

Wang, Y., Yi, Y., Yao, J., Wan, H., Yu, M., Ge, L., Zeng, X., Wu, M. and Mei, L. (2022) Isoginkgetin Synergizes with
Doxorubicin for Robust Co-Delivery to Induce Autophagic Cell Death in Hepatocellular Carcinoma. Acta Biomateria-
lia, 153, 518-528. https://doi.org/10.1016/j.actbio.2022.09.035

DOI: 10.12677/acm.2023.1361381 9885 I IR = =23t e


https://doi.org/10.12677/acm.2023.1361381
https://doi.org/10.3390/ijms19113534
https://doi.org/10.1016/j.mad.2012.09.001
https://doi.org/10.1016/j.cmet.2016.04.003
https://doi.org/10.1007/978-3-319-43589-3_9
https://doi.org/10.1155/2019/8730816
https://doi.org/10.3389/fmed.2022.1003914
https://doi.org/10.1016/j.urolonc.2021.04.013
https://doi.org/10.1038/nrneph.2017.59
https://doi.org/10.1248/bpb.b17-00724
https://doi.org/10.1186/1471-2407-12-357
https://doi.org/10.1158/1078-0432.CCR-21-2049
https://doi.org/10.1016/j.actbio.2022.09.035

	基于生信分析AMPK亚基在肾透明细胞癌中的作用
	摘  要
	关键词
	The Role of AMPK Subunits in Clear Cell Renal Cell Carcinoma Based on Biological Information Analysis
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 数据采集
	2.2. 泛癌分析
	2.3. 免疫细胞浸润分析
	2.4. 预后分析
	2.5. 统计学方法

	3. 结果
	3.1. AMPK在肾透明细胞癌中的表达分析
	3.2. AMPK与肾透明细胞癌临床分期之间的联系
	3.3. AMPK的表达与肾透明细胞癌的预后分析
	3.4. AMPK与免疫调节之间的关系

	4. 讨论
	基金项目
	参考文献

