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[ Abstract ] Lung cancer is the leading cause of cancer related mortality in the world, with more than 1 million
deaths per year, accounting for about one fifth of all cancer deaths worldwide. Over the past years, lung cancer treatment has
been based on surgery, radiation therapy, chemotherapy, targeted therapies, and immunotherapy, but the improvement is not
very perfect. Therefore, it has become clear that additional therapeutic strategies are urgently required to provide an improved
survival benefit for patients. In recent years, Hippo signaling pathway has become a popular direction in the field of cancer
research. When the Hippo pathway is active, the core Hippo kinase, such as MST/MOB and LATS1/2, inhibit the two tran-
scriptional co-activators, YAP/TAZ. And YAP/TAZ are phosphorylated and sequestered in the cytoplasm. Dysregulation of
the Hippo pathway drives multiple aspects of lung tumor initiation and progression. Moreover, the potential value of this path-
way is getting more and more prevalent in clinical application. In this review, we summarize the molecular mechanism and the
core components, upstream or downstream targets of Hippo signaling pathway which contribute the formation of lung cancer
and discuss the therapeutic potential of targeted strategies in lung cancer. Additionally, we highlight the prospect of research on
Hippo signaling pathway in the future.
[ Keywords ] Hippo signaling pathway; Lung neoplasms; Progression
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signaling pathway in

mammalian®®.

00000
www.lungca.org



$ 632 o [ iR 2 201 74F 9 ] S5 20 4 45 9 10

Chin J Lung Cancer, September 2017, Vol.20, No.9

miR-3 12 76 Jili i b 2 B ook 26 3R W BUm S, Al Bk
miR-312 il il 40 e A= K AR g 0, A omiR-310] fifi
INER SN R It Es LH A LAT S2 8 Tk /0, 5 |k it s g 2
Ao Il B miRN AT S8 & B, miR-135b H A ]
Hippo 553 [ i A% 0B/ LAT S2 HIMOB1 R A YRR,
AT NSCLCAH M F B Ry 2 28 1, 7EmiR-135bi) F ik
FINSCLCHI IR R TAZ , K5 B I 3 A Js 200 M 12 22 0 42
TEHCRE J1° . FENSCLCHEFEARH, miR-135bid Kkt
LATS2 | H TAZRYAL R IR e (B E AL 22 W AR A7 2 VAR
P M2 EmiR-31HImiR-135b A 38 i3 Wk Hippo 5 &
e, DA T R e AR R R L BRILZ AR, IR
W% & Bl Hippofi 5l B rh I YAP/ TAZFEN | EmiR-2S
miR-93, miR-106b [ F ik, i Zfilp21 3L K % ik I 2
g R MimiR-33 558 4 1450 22 25 T 24 3 A, T
Hippo 5 53 4, el it & J2
2.3 Hippofi 518 A F I JE 15 K 7S5l
2.3.1 LATS1/20 MIFFSE s Ik RlpS3 . Ja T2 B2 Al
Bcl-XLAENLATSL /21 T IFEHE 5, 33 26 BE R AT L 3 2o 417 i
2t 999 5 SR Cdk/ 241 B SR 2 1B (Cdk1/Cyclin B)
Cdk2/#ifa I IE (Cdk2/Cyclin E) BF 5, 55
I HE 200 0 S AR T, A0 B S A e Y S b, LATS1
AL AL TR A CdR2, fE T BRCA2BEIR AL | Al i#E FE A
AHAYREYE, IR R & DY ORI, LATSL/ 240 a1y
pS3.. B2 FIBC-XLAHLI A B
2.3.2 YAP/TAZK FIfE# S TTF1RINKX2-1, /f FHippofi
5 % R YAR/ TAZIY T A, T IR A A KB
HTAZKYAPHAY, TTFI HAT EUm 3L N fE, I i
Pt K3k . TAZRERS HHELE G IFMIE TTE-1, SEmEE
TR, A b R A R 2 TS 1 2 11 C (surfactant
protein C, SP-C) B PY ) X B RIFSE B YAP/ TAZ 555 5%
K TTEUR BRI, LE e A A ol A b il o1 il 20
KA 53, DTS e R EA T o BRIZ AR, AXL
Cyr61, AREGHIEPRY UL BIIESLRENS 2 5 YAP/ TAZIF 1)
RS o8 izt R R,

3 HippolES BRI =

BT Hippo {51533 A% U IR BT A R8I 2 i g
254y, WIMST1/2/NoyrF il (XMU-MP-1) | YAPHE 5 24
Yy (HeI025) S 25800 e B0, X iR i e i 3ay B
SRR, R R A7 TG AR B A VA T s

C AT HEBH AT 52 g Hipp o {55 18 % 14 1l R 17 A I R

f PR AL T B B, BIFSE K BEMST 1/ 27N -4 il 57
(XMU-MP-1) g £f Pk b2 S MST 1/ 245 s, I 3 il He
ik, I YAPR)FRIB KGN IR IE &, 7
JVFJE P A A R e 5 T BT R0, E TR X MS T 1/ 240 65
(R S 25 ) X MU-MP- 1A B B 2R PR 58 e 44
B HTRGATT B BFFEIESE, 45T B B HEC-
I-BANME DAL 25 Ab PR, e 98 e Gy (8 S Western blot
SEG Y UE RN A% T YAP SR B R R H, HEC-1-B4HiffLf7
T AR AT, IR R 2 B R 7 dE RS2 R i
T YAP K NF2 145 15 DA T 246 J 400 Do F- 41 e 24 A 114 2
AERTIR], UESEAERR A58 12 B BT YAP-TEADs|H]#H H AR,
LK S i 143697 H Y Jiao 5P B YA PG R 4R
FEPURIVGLLAM L5 1), it th—FE - TDUZAK, fE 5
YAPZESPE 45 TEADAL S LM YAPRY 26 3k, JF1E B
SPREE MG C-803%5 B ¥ 4 fifd R H IS - TDUZ ik
THEYAP-TEADsE A WIMITE L RE J1{# YAP-TEADsAE IR
UL R CTGF, CYR61 K CDX 2133k % A= T, dEifi
TV S A R A TR BE T, el /N RR B R Y RN,
UL AR -TDUZ KX YAPAH G (14 A g H A 2 03R 7
VE . BRUILZAb, AR A28 2L R S b BH 12 660 AR
YAPSTEAD s 454, 3R T i 20 i R H197S 241 it X 41
(ESE7 ) ER = 0k € G 17 N VA 33 L RBULE L3 [E % = A
iy 253 47 7. Hiikli 4 YAP/ TAZIFE ENSCLCAIfI I
Fe-Ta) Ak | fE UERE RS | A T AR R AT | P T
SEARA T BHTRA L, B4 % Hippo {5 53 % 1943 T
BRI 254), WK R R 1) 2 W RSV R T R A
(IALA, Ll Hippo 5 53 i HL AT S IR R Lo

4 REERE

Hippo 5 53l 4 b 22 R e 30 i D5 1440 Bl A %,
5 TP A0 M S TR T 22 ) ) Bh A S, DAGS B PR 1 e
KEM, AL M THippof 5 58 B 4200 410 J 1
TR R LR I T A B it R R A EE AR AR,
Hippo i 51 % 75 T A it 200 sl A v 2 T B2 A,
B F ARSI Hippo (55 I anfil 2 St T4 2 &
W EAESE X, WS, Hippofs 538 %5 Wnt, Notch
ELZ X E T FEMEZ R EMTAERX R, HIIC A
BEWn 3 -5 3h 25 15 S A 1Y, R E— B R
Hippofi 51 %55 3% B8 {5 53 HAH HAEFH 56 2R R a5
A= N LR ey e W e A ey I K WS DA S

[ei] ISP AP A 1 22 ) A 5 a0F — 2B 4489, 0 il 9 e S0

00000
www.lungca.org



rp il g 2k 52017459 A 55205 5 9 )

Chin J Lung Cancer, September 2017, Vol.20, No.9

* 633

Hippo i 5 i iS5 IR R E AR ELAE T | A il 17
i R AR 2 IRl AR A5 R Hippofi = il AT B X b ik
SRR RIRYT J7 G5 A BRI A R, B AT i
KRR EAA O RNTITGE S, AT iEHippofs = i
IO RS Ay L A e 2 e ) A 805 YRR A B, Bl R
HTHLRR YT 258, IR I PR _E B iR 2 T | 67 K B A
TPRERE

10

11

12

13

2 % X W

Siegel RL, Miller KD, Fedewa SA, et al. Colorectal cancer statistics. CA
Cancer J Clin, 2017, 67(3): 177-193.

Hensing T, Chawla A, Batra R, et al. A personalized treatment for
lung cancer: molecular pathways, targeted therapies, and genomic
characterization. Adv Exp Med Biol, 2014, 799: 85-117.

Justice RW, Zilian O, Woods DF, et al. The Drosophila tumor suppressor
gene warts encodes a homolog of human myotonic dystrophy kinase and
is required for the control of cell shape and proliferation. Genes Dev,
1995, 9(5): 534-546.

Yang CC, Graves HK, Moya IM, et al. Differential regulation of the
Hippo pathway by adherens junctions and apical-basal cell polarity
modules. Proc Natl Acad Sci U S A, 2015, 112(6): 1785-1790.

Lai D, Ho KC, Hao Y, et al. Taxol resistance in breast cancer cells is
mediated by the hippo pathway component TAZ and its downstream
transcriptional targets Cyr61 and CTGF. Cancer Res, 2011, 71(7):
2728-2738.

Lehmann W, Mossmann D, Kleemann J, et al. ZEB1 turns into a
transcriptional activator by interacting with YAP1 in aggressive cancer
types. Nat Commun, 2016, 7: 10498.

Marti P, Stein C, Blumer T, et al. YAP promotes proliferation,
chemoresistance, and angiogenesis in human cholangiocarcinoma
through TEAD transcription factors. Hepatology, 2015, 62(5):
1497-1510.

Wang C, Jeong K, Jiang H, et al. YAP/TAZ regulates the insulin
signaling via IRS1/2 in endometrial cancer. Am ] Cancer Res, 2016, 6(5):
996-1010.

Morvaridi S, Dhall D, Greene MI, et al. Role of YAP and TAZ in
pancreatic ductal adenocarcinoma and in stellate cells associated with
cancer and chronic pancreatitis. Sci Rep, 20185, 5: 16759.

Lamar JM, Stern P, Liu H, et al. The Hippo pathway target, YAP, promotes
metastasis through its TEAD-interaction domain. Proc Natl Acad Sci U
SA,2012,109(37): E2441-2450.

Xu CM, Liu WW, Liu CJ, et al. Mst1 overexpression inhibited the growth
of human non-small cell lung cancer in vitro and in vivo. Cancer Gene
Ther, 2013, 20(8): 453-460.

Morinaka A, Funato Y, Uesugi K, et al. Oligomeric peroxiredoxin-I is an
essential intermediate for p53 to activate MST1 kinase and apoptosis.
Oncogene, 2011, 30(40): 4208-4218.

Otsubo K, Goto H, Nishio M, et al. MOB1-YAP1/TAZ-NKX2.1 axis

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

controls bronchioalveolar cell differentiation, adhesion and tumour
formation. Oncogene, 2017, 11(20): 467-475.

Malik SA, Khan MS, Dar M, et al. Molecular alterations and expression
dynamics of LATSI and LATS2 genes in non-small-cell lung carcinoma.
Pathol Oncol Res, 2017, 23(7): 389-399.

Luo SY, Sit KY, Sihoe AD, et al. Aberrant large tumor suppressor 2
(LATS2) gene expression correlates with EGFR mutation and survival in
lung adenocarcinomas. Lung Cancer, 2014, 85(2): 282-292.

Lin XY, Zhang XP, Wu JH, et al. Expression of LATS1 contributes to
good prognosis and can negatively regulate YAP oncoprotein in non-
small-cell lung cancer. Tumour Biol, 2014, 35(7): 6435-6443.

Moroishi T, Hayashi T, Pan WW, et al. The Hippo Pathway kinases
LATS1/2 suppress cancer immunity. Cell, 2016, 167(6): 1525-1539.
Zhou Z, Hao Y, Liu N, et al. TAZ is a novel oncogene in non-small cell
lung cancer. Oncogene, 2011, 30(18): 2181-2186.

Wang Y, Dong Q, Zhang Q, et al. Overexpression of yes-associated
protein contributes to progression and poor prognosis of non-small-cell
lung cancer. Cancer Sci, 2010, 101(5): 1279-128S.

Wang Q, Xu Z, An Q, et al. TAZ promotes epithelial to mesenchymal
transition via the upregulation of connective tissue growth factor
expression in neuroblastoma cells. Mol Med Rep, 2015, 11(2): 982-988.
Noguchi S, Saito A, Horie M, et al. An integrative analysis of the
tumorigenic role of TAZ in human non-small cell lung cancer. Clin
Cancer Res, 2014, 20(17): 4660-4672.

Mohseni M, Sun J, Lau A, et al. A genetic screen identifies an LKB1-
MARK signalling axis controlling the Hippo-YAP pathway. Nat Cell
Biol, 2014, 16(1): 108-117.

Gao Y, Zhang W, Han X, et al. YAP inhibits squamous transdifferentiation
of Lkbl-deficient lung adenocarcinoma through ZEB2-dependent
DNp63 repression. Nat Commun, 2014, 5: 4629.

Wang J, Han R, Zhong D. Progress of related targets in LKBI signaling
pathway for non-small cell lung cancer therapy. Zhongguo Fei Ai Za Zhi,
2012, 15(7): 453-458. [F3%, i, PhBokE. LKBLE S @ AEAE /)
£ [t it o A SRR 36y 7 R RO R S rP [ iR 2R, 2012, 15(7):
453-458.]

Fausti F, Di Agostino S, Sacconi A, et al. Hippo and rassfla pathways: A
growing affair. Mol Biol Int, 2012: 3076238.

Zhang H, Zhang S, Zhang Z, et al. Prognostic value of methylation status
of RASSFIA gene as an independent factor of non-small cell lung cancer.
Zhongguo Fei Ai Za Zhi, 2010, 13(4): 311-316. [5K 7, Tk A4, 7K 5210, 45
RASSFIAJERF AL S5/ Nt s 988 F90 15 1) A DG PERIF 5. i el [t
245, 2010, 13(4): 311-316.]

Pefani DE, Latusek R, Pires I, et al. RASSF1A-LATSI signalling stabilizes
replication forks by restricting CDK2-mediated phosphorylation of
BRCAZ2. Nat Cell Biol, 2014, 16(10): 962-971.

Joshi P, Middleton J, Jeon Y], et al. MicroRNAs in lung cancer. World J
Methodol, 2014, 4(2): 59-72.

Lin CW, Chang YL, Chang YC, et al. MicroRNA-135b promotes lung

cancer metastasis by regulating multiple targets in the Hippo pathway

00000
www.lungca.org



- 634 -

30

31

32

33

34

3S

36

37

iR 28 5201 74E9 A 552045 559 0)

Chin J Lung Cancer, September 2017, Vol.20, No.9

and LZTS1. Nat Commun, 2013, 4: 1877.

Lo Sardo F, Forcato M, Sacconi A, et al. MCM7 and its hosted miR-2S,
93 and 106b cluster elicit YAP/TAZ oncogenic activity in lung cancer.
Carcinogenesis, 2017, 38(1): 64-75.

Tang R, Lei Y, Hu B, et al. WW domain binding protein S induces
multidrug resistance of small cell lung cancer under the regulation of
miR-33$ through the Hippo pathway. Br J Cancer, 2016, 115(2): 243-251.
Ke H, Pei], NiZ, et al. Putative tumor suppressor Lats2 induces apoptosis
through downregulation of Bcl-2 and Bel-x(L). Exp Cell Res, 2004,
298(2): 329-338.

Yamaguchi T, Hosono Y, Yanagisawa K, et al. NKX2-1/TTE-1: an
enigmatic oncogene that functions as a double-edged sword for cancer
cell survival and progression. Cancer Cell, 2013, 23(6): 718-723.

Park KS, Whitsett JA, Di Palma T, et al. TAZ interacts with TT'F-1 and
regulates expression of surfactant protein-C. ] Biol Chem, 2004, 279(17):
17384-17390.

Hsu YL, Hung JY, Chou SH, et al. Angiomotin decreases lung cancer
progression by sequestering oncogenic YAP/TAZ and decreasing Cyr61
expression. Oncogene, 2015, 34(31): 4056-4068.

Fan F, He Z, Kong LL, et al. Pharmacological targeting of kinases MST1
and MST2 augments tissue repair and regeneration. Sci Transl Med,
2016, 8(352): 352ral08.

Dasari VR, Mazack V, Feng W, et al. Verteporfin exhibits YAP-

38

39

40

41

42

43

independent anti-proliferative and cytotoxic effects in endometrial
cancer cells. Oncotarget, 2017, 8(17): 28628-28640.

Brodowska K, Al-Moujahed A, Marmalidou A, et al. The clinically used
photosensitizer Verteporfin (VP) inhibits YAP-TEAD and human
retinoblastoma cell growth in vitro without light activation. Exp Eye Res,
2014, 124: 67-73.

Jiao S, Wang H, Shi Z, et al. A peptide mimicking VGLL4 function acts
as a YAP antagonist therapy against gastric cancer. Cancer Cell, 2014,
25(2): 166-180.

Hsu PC, You B, Yang YL, et al. YAP promotes erlotinib resistance
in human non-small cell lung cancer cells. Oncotarget, 2016, 7(32):
51922-51933.

Freitas DP, Teixeira CA, Santos-Silva F, et al. Therapy-induced
enrichment of putative lung cancer stem-like cells. Int J Cancer, 2014,
134(6): 1270-1278.

Volckaert T, De Langhe SP. Wnt and FGF mediated epithelial-
mesenchymal crosstalk during lung development. Dev Dyn, 2015,
244(3): 342-366.

Janse van Rensburg HJ, Yang X. The roles of the Hippo pathway in cancer
metastasis. Cell Signal, 2016, 28(11): 1761-1772.

(k. 2017-04-20 f&[0]: 2017-06-28 %57 2017-07-13)
(AR H4E T H)

Cite this article as: Liu YC, Xing Y, Cai L. Role of Hippo Signaling Pathway in Lung Cancer. Zhongguo Fei Ai Za Zhi, 2017, 20(9):

629-634. [XI| L8,
9-3419.2017.09.07

5, B840, Hippofii S (e v R FE . rh IR 2455, 2017, 20(9): 629-634.] doi: 10.3779/j.issn.100

00000
www.lungca.org





