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Effect of protein phosphatase 2A on energy metabolism
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[Abstract] Protein phosphatase 2A (PP2A) is a serine/threonine phosphatase consisting of three subunits, namely A, B and C. Studies have shown
that PP2A plays an important role in energy metabolism, DNA damage and repair, protein translation, cell cyele regulation and signal transduction by
catalyzing the dephosphorylation of proteins and participating in the regulation of a variety of enzymes and transcription factors. This article reviews the
structure and regulation of PP2A, its effect on energy metabolism and the occurrence of related diseases.
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PP2A 4P 5 UL R s = R e (B 1),
PP2A R fs th HLAG IIF- 2R 5 My 19 A I ES ke 1 16 1 FR I
C AR, WiFlzhdprh, A MAHN C A% 2 AR
A R gmid, 4 BITE K Ao FiT AR, Co Fi1 CB 2 Fh Sy 1A,
A EES CEERY 2 s R B HA A w0, Zmid 3
H— R (A 1 5 (R e R B 25 7 R Bk S

M AP C P HE A R A O Rk — S 5 k%
T ERE B EXARLE A, Wl B PP2A =2k, WiFlah
Yy, B R 16 AR R gD, K 4 AR FE
EEREE, 4 B/PR55/B55, B//PR61/B56. B"/PR72 Fl
B”/STRN, 24 PP2A RA£(E R, B Rk g k5l
TR BAELL S, SRR AR e & C
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Note: Red font—the genotype encoding the subunit isomer; Black font—the name of the subunit isomer ( “/” connects different names of the same isomer). There are two

isomers of B” o and B” B, namely B” ol and B” 02, B” 1 and B"B2.
1 MEELENY) PP2A BB R IEP &I EE R B R 45194H i

Fig 1 Genotypes and structural composition of subunits in mammalian PP2A protein family

e T PP2A Wk AN E RLDL K A EE LG,

PP2A [EPEANEL e T B AL 3 A A AR S 1EU31
e A, BRYT PP2A Y 4, WG PP2A A4y
A B F-FAm ) PP2A JE PR R AU AT . 24 PP2A Y
C AR EABETHN, HMAfE EAREEE, F2
h—Z I RS KBRS A AR A, LA
) BCE A A I PR O R AR, 2k PP2A Ay &
B HY A - L 45 i IGBPI Zw T ) a4 3 H . HI PPP2R4 %
1 PP2A % 515 {t. [l + (PP2A phosphatase activator,
PTPA) LA K% TOR {5 5 i #% P8 %5 A 1 1 (TOR signaling
pathway regulator, TIPRL1) %5, Hd a4 HEGEd 44
C A E A i ARG (L C WAt e, FFedi
ifift ™, PTPA ®[7f ATP/Mg" [I1EM T A5 C A MBI
Jadrd Y, ihi TIPRLY WL i e bk 45 A C Al ok 1
A1 SR S B A 1 T PO Tl P 8 P o7 DA TG 120 T 3
01l PP2A 35 1 F A - 00 4 % P 6 R 2R 11 32A. (acidic
nuclear phosphoprotein 32 family member A, ANP32A)
R A WL E 2A 0475 -2 (inhibitor of protein phosphatase
2A-2, 12PP2A) F1 PP2A J& P47 (cancerous inhibitor
of protein phosphatase 2A, CIP2A) %, FiRKE T 3EE
it 5 PP2A LRSS A, Bkt PP2A 2 gk 45 e S PR 4T
PR, SRl PP2A St R akme e e .

2 PP2A fEREERIHPIER

2.1 PP2A R 1B B A1
FENE B A5 Sl b, PP2A il IR £ Rl & 11
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RIRESIENS SRS FE SR K, EOHEEB
(protein kinase B, PKB = Akt) f&iZif & i i— > sy
T W5 BoR, Akt PP2A (EEIRA. EFHTER T,
Akt 28 3- R JLEE (K i 2 (1 i 1 (3-phosphoinositide-
dependent protein kinase-1, PDK1) KWiF.sh¥HHEZ
& A E A4 2 (mammalian target of rapamycin complex
2, mTORC2) AL LASE 4 I0dE ™, i i i ik e
b Akt (YA E [ AS160 (R{E# 4 bEiizE A 4 (glucose
transporter 4, GLUT4) A 20, fRdEpEmI,
PP2A R fig #1fill Akt H{E 1, AH GV FHALHI 4 PP2A
HEE L BSSa WHEARE T Akt ¥y Thr 308 {5 7, stlid
B56B il H& 1 B T Thr 308 8 Ser 403 {7 45 ", % 2 FpdL
Yok IR (L VR P SeBxt Akt fE PRSI, At T4
JBE 5 R G T, A AR AR S RE R A A

2.2 PP2A 5 mTORC1 WHH I

mTORCI VEAHMIENIIZ / Fn R BRI, FIEIERE
S 2 BUBE BRI O LR B R 4 £ R vh K 4 T
ZEM", EABHEREHEE, 2AERYT (e
HHEFIRA LR ) T4 F mTORCL [1i&E{t, ifi mTORCI 1%
7 AktmTORCI {5 53l i | T sy 22—, wldid
BRI A% B (A B 19 S6 i 1 (ribosomal protein S6 kinase
1, S6K1) K EBEFLMGE T 4E LA EMA 1 (elF4E-
binding protein 1, 4E-BP1) il & (U RAY A .

6] I, 22 2046 12 0 3] 1 i Al 0 g ORI R 3
(mitogen-activated protein kinase kinase kinase kinase 3,

MAP4K3) {EZ KRR 3:/) mTOCH i {3 1 3¢ g
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TEH ., TElR/ D2 BRI 4 T, PP2A j@iit PR6le
5 MAP4K3 &4, 4iH B Skl mfE 2 AR T
EHIZ T, PP2A [ 55 MAPAK3 435t , J5a 76 Serl70
fr kA A kIR, 55152 Nl mTORCI,
M, 7€ mTORCI {3 2@ % 1, PP2A 5 MAPAK3 ] i@ it

Ribosome biogenesis T

-
Protein translation T

mTORC2  p-Akt

AS160 phosphorylation —
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ghg -4l 4B - IEILAIHLETEE T il mTORCI HITEME.

Hii, PP2A 2 5ifshe &M HYIE 5 &5 B
Fe b se A MW, HAHE R B PP2A 5 mTORC1 2 ji] f7:4E
I, HAE S AR RE R RGNS 2 b R AF A S
R (15 2),

*  GLUTA transposition

p=Fox(]

-
¥

Fox(1 = Afrogin-1T

—=[

* PDKI Akt

PR61E |

Lo
PP2A

PP2A-f

Insulin signal

b
MAP4RS e p-MAPAKS  — =

-

ai sufficiency

‘ ai deprivation

In drosophila

p-S6K 3= —= S6K

—+ mTORC]

Note: “oo deprivation” means the lack of animo acid. “ aa sufficiency” means sufficient animo acid. “In drosophila” means that the PP2A-B’ submit only exists in drosophila.

IRS 1—insulin receptor substrate 1; PI3K— phosphoinositide 3-kinase.

2 PP2A fEREE it 1ER
Fig 2 Effects of PP2A on energy metabolism

2.3 PP2A %} SoK ¥y gk iz H

SO6K x& PP2A [l 2—, REMSIHTTHLIRIIRE R AL
Py, 2% FERR LA R RIE . IRST (S 2R
Y1) RS RS b PBK (BERRILES 3- BEg) 19
ks, Wit 5 mTORCH AHEVEM, {f IRS1 @fR{tH
gt PR, w118 BRI AR N PP2A-B' Xt S6K 2
FRERRILIE R, fE52U v PP24-B' 5 B ke de i 26k 19
S R Sk T R B R UL RS WA i kb, 12
RIS EANIERE AR R 48 T O E T, HONZR N
(1 [l 5 4 PPP2RSC v 5 7 AE AL VE L ™, SRk 40w,
(EARARE B AR PP2A Fn SOK e [alke 2] 2iF A i
TEH.

2.4 PP2A A SCJHe 1 1 Tl %45

WL R 1 (forkhead box O1, FoxO1) A&
B EL ST R, Rl O e R A O A D e
A, BAnATT O LG 24 35— R R (Atrogin-1)
ek ", FIRE, Akt Al {2k FoxO1 [Fmig (i il
G, ifi PP2A Xt Akt P AEAIEIVER] 4kifiiéos, PP2A
A TR dE FoxO1 i (18 2),
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3 PP2A 251N il X &wm

ST b g e A = O SR A AR I A S TR 4
HeLTR] A7 A2 B 0 2 5, 30 A7 R T 9 DA A & — R AR 9
. MEZBRNAES K RERES, PP2A KN
filThie. HAFBEMEHPXEE (okadaic acid, OA) &
PP2A [1JRe St Al sal, {5 OA ALBE/NELRE RS T i H
JRBREAITE . ok 2 85183 HE T PP2A BA b 0 i
RO Y BB A R T BoR, MR22 RN 40
(simian vacuolating virus 40, SV40) /N T i )7 H A 3
PERIFE A T I REAE 4| PP2A, R[124 17 HEK TER 4
(IZ AN A 7k A= AN 3099 1b Z 3K i bor g £ 1L T 46 e SVA40 K
T PRI NI E 4nie) iR SV40 /N T Hi)s)E, 4
ReL e A Ay AR R B AR . BRAh, PR AR i 5
(chronic myelocytic leukemia, CML) . 25620 (4 135
(acute myeloid leukemia, AML) F1/filiJ&5 25 A% £ Ihod b 1y
RELT PP2A [if P2 B4 " (%% 1), PP2A 75 filvig h
HISRAEALET AT A A R A2 A4S | AR C R v
Tt/ WAL, LR —S6E PR 58 A5 i S5 A AL AL 5 LT
He [P HA S A S BRI REZ BT . R
sy Mg b, IR PP2A il 76l 4n 12PP2A I AFLE, WILA
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T PP2A B AM G Lh e s 1Tt 2R IERL B A B g 2410
) FTY 720 Refg 406l I8 M4l 751 SET (SE translocation,
B 12PP2A) fdi PP2A {fft, MifiiFsShbmaniiy s, &
b, PP2A W LAVE A ISR ERIETTHE A, B4, FTY720
REf% 30 ok 1% L PP2A #1H| AML 41 i #% HL60 F1 Kasumi-1
ARG, RIS 2 Fhamif gk A T 2 PP2A A
HilF CIP2A FE IR fE & Wy RE NS it BRI CIP2A & FKF,
5% PP2A G, AN AE 5 PN RS A v B B g

Tk ok [22]
HRE .

1 B UL PP2A Iy S S S o

Tab 1 Abnormal variation of PP2A in common tumors

Tumor Mutant subunit Genotype References

Breast cancer Ao PPP2RIA [23-25]
B55pB PPP2R2B
B55y PPP2R2C

Melanoma Aa PPP2RIA [23, 26-27]
AB PPP2RIB
BS6a PPP2R5A
B56y PPP2R5C

AML AP PPP2RIB [28]
B55a PPP2R24
Ca PPP2CA

Prostatic cancer B55a PPP2R2A [29-30]
B55y PPP2R2C
Ca PPP2CA

Lung cancer Ao PPP2RIA [31-32]
B56y PPP2R5C

PP2A B Z: 5AYERE . BRI, 18 2 Z08E R R
ok B LAY TR A, A AR P 58 9 o 2
FREEVE, [R5k 2 kot BE R 1t |5 PP2A 1Y S A
FAH R, BFg ™R, SRR LB i
B (B55/PR55) F A1 B’ (B56/PR61) [ 4, 4 & ik
i Ppp2rsc (B56y) H& B /NG ARXIERE, HABT R ILIE
WG INT 30%, FEA A aREA LR, T
I Rr Sk i B Ppp2rSe HE DR /NG, O IDE =t H ok
- BTE, R T RSN AR AR S R s
s, AR MR SRR IR B T, LIRSS RIDIRR,
Ppp2r5c bt/ NEUE R E AN, A 5 & NG i
W, AWRTE ™ R, A ARG, BIZE 2
B B B O FIE b, PPP2RSC 263k 8 0 &5, 42
AN HOHBEAR IS A IE R VE L e 2 AR SRR N BE
NIRRT HE RN BS6y WIS Feik B30 %,
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AT R 3R IMAE 25 T B BY Rk A iy BS6B 1k,
i 4 ith 12 0 36 ) 6 [K >4 PPP2RSB, £ B L ALY 4 R
U G, B BS6P S ) (4 Akt 2 i g 16 1 H e K
B56 it Akt (1) Thr 308 F1 Ser 473 7 s 1 FA4MHIHRAR
165, b AR & 3505 SHd R T v, S 80BS F it
(insulin resistance, IR) [% 2k, IR F1 2 Bl b pny & A 22
YIARSE, BT ™ o, BSOB X & 2515 S d e it i1
AIRES S IR ik — LA o4 2 AU IR, TRIILiZom e 2k
EA FEABHEBRITRE ), $278 PPP2R5B 8 B56p w]
AEAE IR 1 2 BRUBE IRONAIISETRI THE AL, L), B566 5 Aa
2 Kk A R B RS IR AR 5 RV I ShRERR A A ¢, 1%
B T TR 5 A AR 2R LR i S A ™

o R AL S 0 0 M B DR 995 AH OG0 LR (diabetes
mellitus-related cardiomyopathy, DMCMP) [y %k A=, &
HE 36 PE % (reactive oxygen species, ROS) [ A4 gk, I
5% }% K - B2 #H 9% K -F 2 (nuclear factor E2-related factor
2, Nrf2) (B SAr, Hilil Akt 2 5115 5 W B,
i aniE N U R 1 B4 B (extracellular regulated protein
kinases, ERK) [k H- 8.0 L0l & v, WFoe ™" i
7k, PP2A 7£ DMCMP (1)1 : ol 26 15 B2 249 45 i 484 58,
[ IR AT A Nef2 ik H g b O NLAne B wEfn i s 4%
Mfern, & I % A 5256 1 DMCMP /] g8 it PP2A/
Nrf2 i 2 EiE Nef2 (35k .,

Hesh, AWFZE T KB, PP2A fE i IRk & /N R
NEMGH A E ik, HARIZA SUh A Akt 5002 18 f
IRS1 ik & TFE, MR LU & 2 sk TR, i
NI 5 K A

Bifi % %+ PP2A WF A& A, oAb BE, M AR
VALASM A HC A 52 9 WO TR 5 VB TR 20 7 56T, 4nkl R 0
PRI A . 0 M ok A BB AL S 8 o A IfIL 457 R Ao R 2 i
Sk AR A 1t ok i e Il 4 BE Y 21 5% 2R 1 el (R HE N B Al R E
A, 1R8Ik S sl SCHRAL L IE IR 2% 13 13 R 30 ) 2l ik
PR R @ T (1B S = PO A o= 11 = | 2
AU 2 VA DL T 39 55 7 A 3l ool A BB AL Bt B, 3 01 RAE
g R B, AR R AR A 3 oSP1 RE IS B IR IR
fiff 4D5 (phosphodiesterase 4D5, PDE4D5), M 1fij 41 & %
PLRIETA R BRI K AR, 805 RSB N B2 2 Y RAE S
ifi PDE4DS ({5 1L M| iy PP2A H 2 4v ' 5¢ B, Bl PP2A
[ B55a i k& 15 PDE4DS [ N b £5 435 (S651) &5 4 {f
PDE4DS & A= 2 i B {1 8 16 fb. B gk =l WL, PP2A JH]
B2 5 TSR & R, [EREENE, &
[ Fn PDE4DS BEHS B) PP2A FI10IE A& BSSa &5 & B A 4
fiti, B[ PP2A-B55a F1 PDE4D5 & 45 — % i {8 1t Jic 4 i

SRR (R . 2020, 40 (1) (@)
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BEEE A E AN iR LB, FEEa
i 1f 4% 4 2% /PDE4DS5/B550. 19 4 H. ) 3 /g 3E PP2A 4 fif

AL, HIZRTIA T R R RTINS IE. Kk, k&
L5 2 PP2A 1 AR T B8 s AR I PR b 1 i FH 4t ok 8 Y
Plz.

E M8 N B A P, i 28 B i A1 5 PP2A T iz 2
— A& &% (endothelial nitric oxide synthase, eNOS)/
Akt/ #Pk 73 25 19 90 (heat shock protein 90, Hsp90) & &
Y E A A, W93 eNOS it ZHLHIREE SR
N R (R I W e ThRe R i, R SRR A DGRy I 2h
REREAS Y, thsh, PP2A WJi it AR fL eNOS Sk F (b
B 35 7 B A 25 e L ) B35 A8 1 i 4657 36 35 e L 400 48 oA
WA, ENRIEFE AT, MmN AERKEF (vascular
endothelial growth factor, VEGF) m] 3 i@ 5 M, 5
ORI B TERE RSN AL T, VEGF ¥R BEFf 2 T
IR M2, A KB, VEGF £ eNOS ™~
/B H AN R kA I G G M R T VR L TR B eNOS &
VEGF (1) T il Al F, eNOS i it PI3K/Akt & #% fiff 12 {1t
eNOS 1 Ser 1179 {ir /5 i 9 #47% . i PP2A 7£ PI3K/Akt i
HE RS R L HIVE T, TR 0E PP2A W RE 2 HI DB Sk 9
L LS A5 (s R B A . AR ™ Bow, A I
ek PP2A i 71y eNOS Zikleft, KPFH1E VEGF Xt
B AL PR R FLIZRFZEAE PP2A BYRe St AT il 551
OA Fii—S L &M HHIF N i -L- A5 B P EE (N -nitro-
L-arginine methyl ester, L-NAME) 1 ) U5 {[F PP2A o] £
SIZA R, M S PP2A F IR L i A W]
B, Ak, PP2A TEWE IR AR A NS 2% 0 1 HDE A fr ik
—HIIRE,

AN, B Bk B PP2A E EERZ00 T 2800 4 i B0
HIEOLAL, IBAF(EH AU PP2A R, HRERiES
Al 422 52 M) PP2A U6 M, 51k AR, filan, b
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