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Research Progress of PHLPP2 on Tumor Expression
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Abstract

Tumors pose a serious threat to human life and health, therefore exploring efficient methods for early diagnosis, treatment, and prognosis
of tumors has always been a research focus in the medical field. In recent years, a large number of studies have found that PHLPP2 has
shown great potential in tumor treatment. PHLPP2 is a serine/threonine phosphatase, and Dr. Alexandra Newton first discovered that
PHLPP is an effective tumor suppressor. Currently, research has confirmed that PHLPP2 can inhibit cell growth and survival through
the dephosphorylation of substrates such as the AGC kinase family, protein kinase C (PKC), ribosomal protein S6 kinase (S6K), and
macrophage stimulating protein 1 (Mstl), and promote tumor inhibition. The paper will review the function, signaling pathway, and
research progress of PHLPP2 expression in various types of tumors, aiming to provide new targets for tumor treatment.

Keywords
PHLPP2; tumor; progress

PHLPP2 X R I1A B R it R

TR X
AP SEDEE, SR - L &G 067000

m =E

MG E RS EALGEGEE, BRIREIZGINBTHNLW ., B FRET 2—AABEFMBWFRLE L, L5
k), HAREFRLLIPHLPP2EN B &7 @ k= 8 T EX# A, PHLPP2Z —#F 22 R B4/ r RER A BR B, 175 L4535 4
( Alexandra Newton ) 4% K &Z HLPHLPP2 —Fr A 20 MG 395 B F, BaTATA P, C424ESPHLPP2 T v il it AGCIHKBS
Rk, FHEEC (PKC) | HBKREGS6HE (S6K ) o B i rl 3 & a1 (Mstl ) X 2k 4 69 K BRBR A dp ) 2w i 2 K
FotpiE, FHAORBERPGIPE . B XA PHLPP2#I bk, 15 i@ 58 A R A B K M5 P R A W9 AT R BE R AT E, B AT
BT R e b

EScan|
PHLPP2; AtJE; /&

T IR, Hoin HrE B 4Uh Bk sS4 41
&, TSR ) PHLPP2 F58 /KRR E TR M, it
SO IS5 PHLPP2 ERgrh Rk FORHSCRST , H A gTat
JEE TEAR, DA IR A T AR s R S
2 PHLPP2 ML 24549. 1ERMLEI

PH Z5Fi e & e BRI B2 B (A AlE 2 ( PHLPP2 ) ,

S22 | T AR A IR L, B PH S5 RS ER
TEEAGEE FYIXIE, PP2C HilaELE I F1 C 5 PDZ

15|18

o RIE A G s, AT, kAR
BN GO, — R S MR T
VeRl, T, SRR T k0T, RIEHR S
PR B A TR LIS, AR,
TR T PHLPP2 54 B iiars s i R e
., CHEEEETT ERRE T EAGE /7, PHLPP2 (PH
iR P L ARG 2) TR T2 | SRS
FRBSURHORCER (e PR IGIINEIRESERM BRI g pcpn. je o0, PHLPP2 76 PH S5 HIM 2 B8 —
I3, PP2C RhEARG LS Fl AN C v PDZ Bl iR LE alsh, 1EERT Ras SBEEERGHE 1 AGC MG /5 — 2 51 & S 41
BT, ERALIIRAEE AGC ISR, EEWIEC  ppy e meim v s | Stpepaty bl UBIREIRRE , T
(PKC) . MK [ S6 #H ( S6K ) RIS LAl E

HSREER YIS . #ATf0 PHLPP2 fi#fk AGC i AKT,
1 (Mstl) SRESTROIIORIRRAAIRIIRE SRR 3F pc 1 56 s L R=FIBTERE (BOKIERS ) MOBRITRIL

PRS0 Mst1 _EFOHIEIGAT A, DA 4B IaHEsE 5 S 400
JT. TE AKT IEHR ), iz 0 i et (AKTIL 1
Ser-473) FRMRHAEMEALEN:, SR A T InATHE T

(fEEEN] TiEfH (1997-) , 5B, PETRBEMLUA,
AL, MBESREIIIMIAR.

(BiEE] XEmW (1976-) , &, Rk, PETIRR
A, BL, EEEm, MNSESRESIFIMEAR.

WD M 2R PKC IR E M I Koo B R id 155 1E
S6K HIIENL N, Bi/KFEEF (Thr-389) ()il (b PRIk

93



Tl R EF RS

< E07E-F 0182024501 A

W, MR E R shae/E SR ¥, Kk, PHLPP2
B HIEE K FE e G B FR R (LR 2% 1 = AGC )
{551% 5. PHLPP2 KRR CLHNHIARE S 1) 55 —FK
2 Mst1™, Mstl (55 BREMREENEEETEHE T, &
g A e R R R s VB S5 8 SAHIALA (Thr-
387) [ Mistl &5 & f1 2/, PHLPP2 4 Mstl {5518
B, SECNHCRET MAPK BB 08E @, [Kit, PHLPP2
AOTREE R 1215 SR IR (N8 AKT/PKC RiTAESRRII
I, i LB E Mstl B R T kA T4
IRERR IS YN, PHLPP iAS 5 & A4 TR, lEER
T, CIZFERGR T aiEE P

3 PHLPP2 ZE A [E] & R R R IE 1H R

PHLPP2 5ZFEEISA A . KIREEVIRA, IRK
WIS R A E A T S  E R | 45 L ie( Carcinoma
of colon and rectum, CRC ) HYAIRFERPEL %55 m, kT
[ . A, SSEE R RS, BN
B e, TR RS BT, Wl S A A
&l PHLPP2 . PI3KCA #1 PI3KCB £ 130 {4 CRC FIIEH4H
PRERR, &I PHLPP2 7E CRC HRHBEMER R 22.31%,
VO AR T 78 1E 3 40 44 v 91.54% [ BHME 2=, 1] PI3KCA .
PI3KCB. p-Aktl. VEGF, Bcl-2., Cyclin-D1 7£ CRC @ /)
PEMERIAR S TIER AN, X—FREGEREH, LREyS
B % AT 218k PHLPP/AKT A PHLPP/PKC 1815 5H )
Bt 4, Xiong®™ S5HFFT 4L, fF CRC *1 PHLPP2 fU{I%3E
IKZ2{# Nrf2-ARE (5 S 1B 358 TS il — kel ,
WB Fil qRT-PCR £55F5L, ] PHLPP2 i #1K 1) CRC 41
Tt FH Nrf2 (e e A 22 i sh %5 i 3 T i % PHLPP2 1of
FIRIE T NeR2 B ik, PTRUS S, PHLPP2 i@
TGP Nrf2 FZRA A0 CRC 4RIy T, HEoME
B R F 4 RS2 IERH PHLPP2 195t 35545 3 180 CRC
MR PRI A5 SR, (Regulating reactive oxygen species,
ROS) 7CF, AWM ZEIRK ROS 7K T4ERF CRC 47jd
(TR EE, i ROS /KT &2t CRC T4RiEi 5
b, BAVREFERA Nef2 ZEIRTTEESE (ROS) H AR
4, Pt RI#SH PHLPP2 ., Nrf2-AER 5% 1 ROS 7K
SEZ A TERC A, i PHLPP2 W8 I Nrf2-ARE (55
RS RGN ROS A, 5200 CRC 4RI T1E, EA CRC
FRIHIEIE R . R REUE S FHLEIZREA PHLLPP2 =] DLt
TR Z A5 R TT CRC 4R 1%, PHLPP2 Sk
L AR RINRANHATHHEREEES Y, WrEbhsE
e TS AT IR 4 e B B

TNUEE R 4 ffge: ( Hypopharyngeal squamous cell carci-
nomas, HSCC) 249 Sk BUE K 5%~15%, 1ELFHE
B2, Fifai%. Hil, HSCC M EEEAITHIRETF AR
JEIYT, BRIRRAE— M EEHE AT 5, 5 E

94

AR A 25%~40%, HSCC Pl/5He 2 nlRE2h T %
AR R #a, zhou"" &5 5% F i 5 SR Sl HE I N e
A0 2 AL 60 HSCC 2H 4R b PHLPP1 A1 PHLPP2 /Y
TR, KK ZEABRAR F SR IA/KF PHLPPI
A0 PHLPP2, T PHLPP2 7E 11 ffigd 2 21 v 2208 (P 35 [ AR,
SR FH I G SR A Bl B I I S R G 9 4R iR PHLPP
A PHLPP2 [y 2 ik /K, fifigd £ 4 v PHLPP1 A1 PHLPP2
mRNA ¥ FKE BB IR TR AR IE R R, K25
A em 41 2 3R B v 22 8 7K S (9 PHLPPL 11 PHLPP2., T Fif
PHLPP WV Y9 21K 35) S I RaIm R 7y . 3 (O RISSGES bR L 2
HRTEMD, (BREE T 0B E A9 PHLPPL,
ifi A< J& PHLPP2, PHLPP1 f PHLPP2 {[L 71k 5 HSCC f#
SAEREY] (Overall survival, OS) ZAEXC, AR E
Cox [EJAH7 M % [H 3 Cox IV 442 7x, PHLPP1 & OS
AR FRJE IR 2, PHLPP2 2 /K F AT HEAE HSCC FRA 4
YRR, (HHARGEME AR TG TERR.

52988 ( Glioma ) & — A MR, BE2H
HER, EIERTRANNR . 2R R AEE . DR
T FRARNERE A MR A e . e e iy BV B B (228
s, HArEER R AT e T AT A
167 . RERESGHAT R, (BERTEEEN S F4F%
THSRIRAR . Agarwal' S35 R F 3G SR Al HE I E &
A0 G2 2R A IFAIE SE IR TR 2 it , - e I e 4 e ke 2]
#J PHLPP2 &5k, H /% PHLPP2 %1k 55 PHLPP2 #5151
T Jo B AR eeass (9 [RI ) AE A7 5T 8o, PHLPP2 (IRFRIAS
B I B E AR, X T 77 45 SR B PHLPP2 A]HE &
— PR E SR RAREN . Peng!? H¥H B LT ERRE
W47 i ( RT-qPCR ) 1[F52 PHLPP2 f & # ik SR Z e
TR T-4niE (GSCs) RUESE, ol 205 5% AR 1 2

(SNAL2) [ Fhex it T GSCs [HE9E, Fb/G i gy
[ G JUAE . RT-qPCR FUER A HEE R L PRGN, SNALR 5
PHLPP2 1Y)32)F X 5 & A PHLPP2 fU3%3%, 1fi SNAI2
I PHLPP2, S5 AKT & 0SSR IR GSC HIHETE.
it > 81, Chen'™ 452 25 57 %4 HIl microRNA-372 (miR-
372) ix) EEE# A PHLPP2 (1 3- JERNIEIX (3-UTR) 3k
WTTHEEER, A miR-372 (U FEK S EEE A+ PHLPP2
FIFRR R AR, S miR-372 (KZF5A40%H] T PI3K/AKT i
I3RS AKT, mTOR I P70S6K FUTERR VKK, 48 1,
miR-372 )z SNAI2 [A 7] i [ IR 0T 40 e o PHLPP2
EANS R, il EEE AKT (55 BRI R
MR AEEEIDRE, X EEWFSTER R PHLPP2 ] DUJE ARk A

ZE| RER ARSI TR L £ . RREAEEE,
fifi%: (Lung cancer ) 25 LAY =~ —, Fiiks
a] 5y A/ N e (small-cell lung cancer, SCLC) FI9E/I
ZH fifg A3 ( non-small-cell lung cancer, NSCLC) , fG#& X
A il (lung adenocarcinoma, LUAD ) FlfifififiE (lung



Tl R EF RS

< E07E-F 0182024501 A

squamous cell carninoma, LUSC) P#F, 7ErRE, FE/ 41
fifg i3 (Non-small cell lung cancer, NSCLC ) 5 fr 47 i
TR 87%, W R TLEEEFFER 21%, BHAFAR, 1L
T\ BUT R IRTT & S MG A E— e LsE T
NSCLC {5, (HEAZWNETARE, Ei TR5S
A TS AH K S R R I I R 8 53 F- = Wibr 5
AHEER L. Wang" SFiB I RiE SR 4LAE (TCGA)
AEERFIRER S (GEO ) HEEEEUE, &3 PHLPP2 7E3F/)N
iR AR AP SRR SRR, Hoamd e H e
FHIEA B PHLPP2 RIS ARG, SRR
Praf R EoR, Mol pTNM 5341, ke EEEEAEBHIA] PHLPP2
RFIR T FENSCLC BEEFANEEN AT, ZRE
YRS EoR, pTNM 43 WK1 PHLPP2 F5k 2 A= A7 IR stay
WEHRE. ZiF R e PHLPP2 73/ Mifafive A 7E
NIRRT G HIE FRPRAITE T o

F9 ( Gastric Cancer, GC) & ULGIERE, 7F
PVEREET, BRI RAELE L, FERHELE=, #
it 70% HEETA BIERPIA AER RhEZ ., 20182 H, th
ESEEH DI BRHFE AR R R, R B RN %
BREEY, BiE T EEGENRE AR RS A, X
KT, SRARERME, CEBMERZ RS BIHERE
ML, (PRI, CHEAE=, HRRIETE,
Hh BRI ST 2 BIHEL B =R =, Yang""
Sy T G ARG 221 BB HRLHLRARA, IESE GC HER
PHLPP2 ik BT T IEH HAIRHA . Ding'” 554 F] MiR-
27a iJ 5 PHLPP2 ()3’ -UTR 454401 PHLPP2 )ik,
MIfiEiE AKT/GSK3 B 8, X GC 4l LW ER,
IS, Pang!'™ Zriid R e B R A HEA R R Western blot
{2460 82 1915 Jeg H Y miR-15a-5p A1 PHLPP2 [A -, £5R5%
B miR-15a-5p EHEREAHHIH] B re4mlE i) PHLPP2, 55
“NiE AKT BRI IN B A IR 2t . 475 R,
TSN PHLPP2 (K1Y b iR 3 70T, 5k
HOREIRIATT MR R R
4 RE

I, PHLPP2 Bt S B BRI 4 % R AT
sibdokitise, i PHLPP2 k. "RFRET-HIRF5TH
KED, ASRR 2 PES PHLPP2 XATMuAIHETE . JHT .
IR RN, IRIHAR P IEE & AR P R TR
M, AREE T IR ENEERG TR A
Sk
[1] Brognard, J, Sierecki, E, Gao, T, et al. PHLPP and a second isoform,

PHLPP2, differentially attenuate the amplitude of Akt signaling by

regulating distinct Akt isoforms[J]. MOL CELL, 2007, 25 (6): 917-931.
[2] Pearce, LR, Komander, D, Alessi, DR. The nuts and bolts of AGC

protein kinases[J]. NAT REV MOL CELL BIO, 2010, 11 (1): 9-22.
[3] Warfel, NA, Newton, AC. Pleckstrin homology domain leucine-

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

rich repeat protein phosphatase (PHLPP): a new player in cell
signaling[J]. J BIOL CHEM, 2011, 287 (6): 3610-3616.

Gao, T, Furnari, F, Newton, AC. PHLPP: a phosphatase that directly
dephosphorylates Akt, promotes apoptosis, and suppresses tumor
growth[J]. MOL CELL, 2005, 18 (1): 13-24.

Chung, J, Kuo, CJ, Crabtree, GR, et al. Rapamycin-FKBP
specifically blocks growth-dependent activation of and signaling by
the 70 kd S6 protein kinases[J]. CELL, 1992, 69 (7): 1227-1236.
Qiao, M, Wang, Y, Xu, X, et al. Mstl is an interacting protein that mediates
PHLPPs' induced apoptosis[J]. MOL CELL. 2010, 38 (4): 512-523.

de Souza PM, Lindsay MA. Mammalian Sterile20-like kinase 1 and
the regulation of apoptosis[J]. Biochem Soc Trans, 2004, 32(Pt3):
485-488.

Wu, SH, Xu, XY, Sun, CB, et al. Expression of PHLPP2 correlates
with clinicopathologic characteristics and prognosis in colorectal
cancer[J]. Int J Clin Exp Pathol, 2019, 12 (8): 2909-2919.

Yongfu, X, He, Z, Xujian, H, et al. PLHPP2 inhibits the stemness
of colorectal cancer by inactivating the Nrf2 signaling pathway[J]. J
Cancer, 2022, 13 (4): 1313-1323.

Zhou, J, Yu, X, Wang, J, et al. Aberrant expression of PHLPP1
and PHLPP2 correlates with poor prognosis in patients with
hypopharyngeal squamous cell carcinoma[J]. PLoS One. 2015, 10
(3): €0119405.

Agarwal, NK, Zhu, X, Gagea, M, et al. PHLPP2 suppresses the NF-
k B pathway by inactivating IKK 8 kinase[J]. Oncotarget, 2014, 5
(3): 815-823.

Peng, L, Fu, J, Chen, Y, et al. Transcription factor SNAI2 exerts pro-
tumorigenic effects on glioma stem cells via PHLPP2-mediated Akt
pathway[J]. Cell Death Dis, 2022, 13 (6): 516.

Chen, X, Hao, B, Han, G, et al. miR-372 regulates glioma cell
proliferation and invasion by directly targeting PHLPP2[J]. ] CELL
BIOCHEM, 2015, 116 (2): 225-232.

Wang, H, Gu, R, Tian, F, et al. PHLPP2 as a novel metastatic and
prognostic biomarker in non-small cell lung cancer patients[J].
THORAC CANCER, 2019, 10 (11): 2124-2132.

Wang, FH, Zhang, XT, Li, YF, et al. The Chinese Society of Clinical
Oncology (CSCO): Clinical guidelines for the diagnosis and
treatment of gastric cancer, 2021[J]. Cancer Commun (Lond), 2021,
41 (8): 747-795.

AR, ke A 5 PHLPP2ZE B i O 0k I S R 7
SRR E AR (T h),2018,10(4):191-195.

Ding, L, Zhang, S, Xu, M, et al. MicroRNA-27a contributes to the
malignant behavior of gastric cancer cells by directly targeting PH
domain and leucine-rich repeat protein phosphatase 2[J]. J Exp Clin
Cancer Res, 2017, 36 (1): 45.

Pang, K, Song, J, Bai, Z, et al. miR-15a-5p targets PHLPP2 in gastric
cancer cells to modulate platinum resistance and is a suitable serum
biomarker for oxaliplatin resistance[J]. NEOPLASMA, 2020, 67 (5):
1114-1121.

95



