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New progress in research on Hedgehog signaling pathway and tumor

}/J\EEHL PRHE'; A2, kS
I/REERAZHES —ERIGR —&, BRI 15K 150001; 2.G/REERNAZHESR=ER, ZEWT 157K
E 150040

I/\

Sun Meiqi'; He Yanan'; Jiao Zonglin?; Zhang Guangmei'
1.The Second Department of Gynecolog,the First Affiliated Hospital of Harbin Medical University,Heilongjiang
Harbin 150001,China;2.Third Affiliated Hospital of Harbin Medical University,Heilongjiang Harbin 150040, China.

Hedgehog{E S @H; Hh; iR

Hedgehog signaling pathway; Hh; tumor
R730
10.3969/j.issn.1672-4992.2019.21.048
A

Hedgehog (Hh) ESEBEARBHHEINRIN. ZESBEEAIEEHILIMNMIEREERE, i, FEEE
MRS, 1EE. [MEFRRIVER A EREE(EA. HMESEIEE—Hh-Ptch-Smo-GliHREXR NITFE.
ZBIHIEMREIE: HedgehogBRfR [Sonic Hh (SHh) . Indian Hh (IHh) #ODesert Hh (DHh) ] , Ptch3{&
(Ptch1, Ptch2) , Smoothened={k (Smo) , BRERIFH (Sufu) AUHPHIEF, ElzibﬁElKiﬂ =) (i

A (PKA) FERRE—BEER (CAMP) , ZREXRML EF'E’J?@E%%I?GIHH&E’J'FHEIQJ?% AR SEhEr-
ERIRERER. FSHRBECERI, HegehoglFSBIRS—RF ARLINBIIF KR EY]. ZSSZ?JL 3k
Hedgehog(S SRR H SR RATHFE _,Tzk

The Hedgehog (Hh) signaling pathway was first discovered in drosophila, which can effectively regulate the
development of mammalian embryos.In addition, it plays an important role in regulating cell differentiation,
proliferation, angiogenesis and tumor formation.The Hh signaling pathway is a cascade reaction process of Hh-
Ptch-Smo-Gli.Ligands for this pathway include Hedgehog ligands

[Sonic Hh (SHh), Indian Hh (IHh), and Desert Hh (DHh)] , Ptch receptor (Ptch1, Ptch2), Smoothened
receptor (Smo), fusion homologs (Sufu) inhibitor, kinesin Kif7, protein kinase A (PKA) and cyclic adenosine
monophosphate (cCAMP).The overexpression of downstream genes, which regulated by the terminal
transcription factor Gli in this cascade reaction, may be a key factor leading to tumor.Researchers have
discovered that the Hegehog signaling pathway is closely related to the formation of a series of human solid
tumors.This paper reviews the research of Hedgehog signaling pathway and its relationship with tumors in

recent years.

&3k /REFERENCES

[1] Varjosalo M, Taipale J.Hedgehog: Functions and mechanisms [J] .Genes Dev, 2008, 22(18): 2454-
2472.

[2] Hanna A, Shevde LA.Hedgehog signaling: Modulation of cancer properies and tumor
mircroenvironment [J] .Mol Cancer, 2016 (18) : 15-24.

[3] PanY, Bai CB, Joyner AL, et al.Sonic hedgehog signaling regulates gli2 transcriptional activity by
suppressing its processing and degradation [J] .Mol Cell Biol, 2006, 26(9): 3365-3377.

[4] Humke EW, Dorn KV, Milenkovic L, et al.The output of hedgehog signaling is controlled by the dynamic
association between suppressor of fused and the gli proteins [J] .Genes Dev, 2010, 24(7): 670-682.

[5] Rimkus TK, Carpener RL, Qasem S, et al.Targeting the sonic hedgehog signaling pathway: Review of
smoothened and GLI inhibitors [J] .Cancers, 2016, 8(2): E22.

[6] Song L, Wanliu D.Targeting of sonic hedgehog-Gli signaling: A potential therapeutic target for patients
with breast cancer [J] .Oncol Lett, 2016, 12(2): 1027-1033.

[7] Carballo GB, Honorato JR.A highlight on Sonic hedgehog pathway [J] .Cell Commun Signal, 2018,

www.xdzlyx.com/oa/DAtrticle.aspx?type=view&id=201921048 1/3


http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=%CB%EF%C3%C0%E7%F7
http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=%BA%D8%D1%C7%E9%AA
http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=%BD%B9%D7%DA%C1%D6
http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=%D5%C5%B9%E3%C3%C0
http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=Sun%20Meiqi
http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=He%20Yanan
http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=Jiao%20Zonglin
http://www.xdzlyx.com/oa/KeySearch.aspx?type=Name&Sel=Zhang%20Guangmei
http://www.xdzlyx.com/oa/KeySearch.aspx?type=KeyWord&Sel=Hedgehog%D0%C5%BA%C5%CD%A8%C2%B7
http://www.xdzlyx.com/oa/KeySearch.aspx?type=KeyWord&Sel=Hh
http://www.xdzlyx.com/oa/KeySearch.aspx?type=KeyWord&Sel=%D6%D7%C1%F6
http://www.xdzlyx.com/oa/KeySearch.aspx?type=KeyWord&Sel=Hedgehog%20signaling%20pathway
http://www.xdzlyx.com/oa/KeySearch.aspx?type=KeyWord&Sel=Hh
http://www.xdzlyx.com/oa/KeySearch.aspx?type=KeyWord&Sel=tumor

2020/8/10

S

16(1): 11.

[8] Byrne EF, Luchetti G, Rohatgi R, et al.Multiple ligand binding sites regulate the Hedgehog signal
transducer smoothened in vertebrates [J] .Curr Opin Cell Biol, 2018 (51) : 81-88.

[9] Tukachinsky H, Lopez LV, Salic A.A mechanism for vertebrate hedgehog signaling: Recruitment to cilia
and dissociation of SuFu-Gli protein complexes [J] .J Cell Biol, 2010, 191(2): 415-428.

[10] Chen M, Wilson CW, LiY, et al.Cilium-independent regulation of gli protein function by sufu in
hedgehog signaling is evolutionarily conserved [J] .Genes Dev, 2009, 23(16): 1910-1928.

[11] He M, Subramanian R, Bangs F, et al.The kinesin-4 protein kif7 regulates mammalian hedgehog
signalling by organizing the cilium tip compartment [J] .Nat Cell Biol, 2014, 16(7): 663-672.

[12] Liu YC, Couzens AL, Deshwar AR, et al.The PPFIA1-PP2A protein complex promotes trafficking of kif7
to the ciliary tip and hedgehog signaling [J] .Sci Signal, 2014, 7(355): ra117.

[13] WuF, Zhang Y, Sun B, et al.Hedgehog signaling: From basic biology to cancer therapy [J] .Cell Chem
Biol, 2017, 24(3): 252-280.

[14] LuWJ, Mann RK, Nguyen A, et al.Neuronal delivery of Hedgehog directs spatial pattering of taste
organ regeneration [J] .Proc Nat Acad Sci USA, 2018, 115(2): E200-E209.

[15] Yamada Y, Ohazama A, Maeda T, et al.The Soinc Hedgehog signaling pathway regulates inferior
alveolar nerve regeneraion [J] .Neuro Sci Lett, 2018 (671) : 114-119.

[16] Kawagishi H, Xiong J, Rovira Il, et al.Sonic hedgehog signaling regultes the mammalian cardiac
regenerative response [J] .J Mol Cell Crdiol, 2018 (123) : 180-184.

[17] Zeng Q, FuQ, Wang X, et al.Protective effects of sonic hedgehog against ischemia/reperfusion injury

in mouse skeketal muscle via AKT/mTOR/p70S6K signaling [J] .Cell Physiol Biochem, 2017, 43(5): 1813-
1824.

[18] Liu C, Rodriguez KF, Brown PR, et al.Reproductive, physioligical, and molecular outcomes in female
mice deficient in Dhh and Ihh [J] .Endocrinology, 2018, 159(7): 2563-2575.

[19] LiC, DuY, Yang Z, et al.GALNT1-mediated glycosylation and activation of sonic hedgehog signaling
maintains the self-renewal and tumor initiating capacity of bladder cancer stem cells [J] .Cancer Res,

2016 (76) : 1273-1283.

[20] Aszterbaum M, Epstein J, Oro A, et al.Ultraviolet and ionizing radiation enhance the growth of BCCs
and trichoblastomas in patched heterozygous knockout mice [J] .Nat Med, 1999, 5(11): 1285-1291.

[21] Goodrich LV, Milenkovic L, Higgins KM, et al.Altered neural cell fates and medulloblastoma in mouse
patched mutants [J] .Science, 1997, 277(5329): 1109-1113.

[22] Hatley ME, Tang W, Garcia MR, et al.A mouse model of rhabdomyosarcoma originating from the
adipocyte lineage [J] .Cancer Cell, 2012, 22(4): 536-546.

[23] Abe Y, Tanaka N.The Hedgehog signaling networks in lung cancer: The mechanisms and roles in tumor
progression and implications for cancer therapy [J] .Biomed Res Int, 2016 (2016) : 7969286.

[24] Eicher AK, Berns HM, Wells JM.Translating developmental principles to generate human gastric
organoids [J] .Cell Mol Astroenterol Hepatol, 2018 (5) : 353-363.

[25] Park KS, Martelotto LG, Peifer M, et al.A crucial requirement for Hedgehog signaling in small cell lung
cancer [J] .Nat Med, 2011, 17(11): 1504-1508.

[26] Chang Q, Foltz WD, Chaudary N, et al.Tumorstroma interaction in orthotopic primary pancreatic
cancer xenografts during hedgehog pathway inhibition [J] .Int J Cancer, 2013, 133(1): 225-234.

[27] Gu D, LiuH, SuGH, et al.Combining hedgehog signaling inhibition with focal irradiation on reduction
of pancreatic cancer metastasis [J] .Mol Cancer Ther, 2013, 12(6): 1038-1048.

[28] Boyd AL, Salci KR, Shapovalova Z, et al.Nonhematopoietic cells represent a more rational target of in
vivo hedgehog signaling affecting normal or acute myeloid leukemia progenitors [J] .Exp Hematol, 2013,
41(10): 858-886.

[29] QuWw, LiD, WangY, et al.Activation of sonic Hedgehog signaling is associated with human
osteosarcoma cells radioresistance characterized by increased proliferation, migration, and
invasion [J] .Med Sci Monit, 2018 (24) : 3764-3771.

[30] Lee JH, Song SY, Kim MS, et al.Intraumoral heterogeneity of frameshift mutations of GLI1 encoding a
hedgehog signaling protein in colorectal cancers [J] .Pathol Oncol Res, 2018, 24(3): 477-481.

[31] I-Li Tan, Alexandre Wo jcinski, Harikrishna Rallapalli, et al.Lateral cerebellum is preferentially
sensitive to high sonic hedgehog signaling and medullobastoma formation [J] .Proc Nat Acad Sci USA, 2018,
115(13): 3392-3397.

[32] WANG M, CHENG Y.Study on the regulation mechanism of Sufu mutation site on Sonic Hedgehog signaling
pathwa [J] .Journal of Nanjing Medical University, 2018, 38(04): 429-434. [FEZE, T2fE.SufufIseZiimxdt
Sonic Hedgehog{SSBESEIEHIFIRIAR [J] .FRERKFEFR (BARIFR) , 2018, 38(04): 429-434.]

[33] Chen G, Yan M, LiRR, et al.Sonic Hedgehog signalling activation contributes to ALCAM over-expression
and poor clinical outcome in patients with oral squamous cell carcinoma [J] .Chin J Dent Res, 2018,
21(1):31-40.

[34] TaiH, WuZ, SunS, et al.FGFRL1 promotes ovarian cancer progression by crosstalk with hedgehog
signaling [J] .J Immunol Res, 2018 (2018) : 7438608.

[35] Zhao Z, JiaQ, Wu MS, et al.Degalactotigonin, a natural compound from solanum nigrum L, inhibits
growth and metastasis of osteosarcoma through GSK38 inactivaton-mediated repression of the Hedgehog/Gli1
pathway [J] .Clin Cancer Res, 2018, 24(1): 130-144.

www.xdzlyx.com/oa/DAtrticle.aspx?type=view&id=201921048

2/3



2020/8/10

£i¥/Memo:

S

[36] Najafi M, Abbaszadegan MR, Rad A, et al.Crosstalk between SHH and stemness state signaling
pathways in esophageal squamous cell carcinoma [J] .Journal of Cell Communication and Signaling, 2017,
11(2): 147-153.

[37] QuWw, LiDC, Wang YF, et al.Activation of sonic hedgehog signaling is associated with human
osteosarcoma cell radioresistance characterized by increased proliferation, migration, and invasion [J] .Med
Sci Monit, 2018(24): 3764-3771.

[38] Valerde Lde F, Pereira Tde A, Dias RB, et al.Macrophages and endothelial cells orchestrate tumor-

associated angiogenesis in oral cancer via Hedgehog pathway activation [J] .Tumour Biol, 2016, 37(7): 9233-
9241.

[39] Kuroda H, Kurio N, Shimo T, et al.Oral squamous cell carcinoma-derived sonic Hedgehog promotes
angiogenesis [J] .Anticancer Res, 2017, 37(12): 6731-6737.

[40] Di Mauro C, Rosa R, D'Amato V, et al.Hedgehog signalling pathway orchetrates angiogenesis in triple-
negative breast cancers [J] .Br J Cancer,2017,116(11): 1425-1435.

[41] Xin M, Ji X, De La Cruz LK, et al.Strategies to target the Hedgehog signaling pathway for cancer
therapy [J] .MedRes Rev, 2018(38): 870-913.

[42] Casey D, Demko S, Shord S, et al.FDA approval summary: Sonidegib for locally advanced basal cell
carcinoma [J] .Clin Cancer Res, 2017(23): 2377-2381.

[43] Sekulic A, Migden MR, Basset-Seguinm N, et al.Long-term safety and efficacy of vismodegib in patients
with advanced basal cell carcinoma: Final update of the pivotal ERIVANCE BCC study [J] .BMC Cancer,
2017, 17(1): 332.

[44] Basset-Seguin N, Sharpe HJ, de Sauvage FJ.Efficacy of hedgehog pathway inhibitors in basal cell
carcinoma [J] .Mol Cancer Ther, 2015, 14(3): 633-641.

[45] Kim J, Aftab BT, Tang JY, et al.ltraconazole and arsenictrioxide inhibit hedgehog pathway activation
and tumor growth associated with acquired resistance to smoothened antagonists [J] .Cancer Cell, 2013,
23(1): 23-34.

[46] Long J, Li B, Rodriguez-Blanco J, et al.The BET bromodomain inhibitor I-BET151 acts downstream of
smoothened protein to abrogate the growth of hedgehog protein driven cancers [J] .J Biol Chem, 2014,
289(51): 35494-35502.

[47] Ge X, Milenkovic L, Suyama K, et al.Phosphodiesterase 4D acts downstream of neuropilin to control
hedgehog signal transduction and the growth of medulloblastoma [J] .Elife, 2015 (4) : e07068.

[48] Atwood SX, Li M, Lee A, et al.GLI activation by atypical protein kinaseCt/A regulates the growth of
basal cell carcinomas [J] .Nature, 2013, 494(7438): 484-488.

[49] Mehta R, Katta H, Alimirah F, et al.Deguelin action involves met and EGFR signaling pathways in triple
negative breast cancer cells [J] .PLoS One, 2013, 8(6): e65113.

IR/REDMEARAHRSFFAINE (%5 2017ABIBS039)

BE#rHEA/Last Update: 2019-09-30

www.xdzlyx.com/oa/DAtrticle.aspx?type=view&id=201921048

3/3



