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Research progress on traditional Chinese medicine in treatment of lung cancer by
regulating Hedgehog signaling pathway
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Abstract: Lung cancer is the most common respiratory malignancy in clinical practice, with both its incidence and mortality ranking
first among all malignant tumors worldwide. Current clinical treatments for lung cancer primarily include surgery, radiotherapy,
chemotherapy, targeted therapy, and immunotherapy. However, the overall efficacy remains unsatisfactory due to challenges such as
high postoperative recurrence rates, treatment-related adverse reactions, and multidrug resistance. There is an urgent need to further
optimize existing strategies and explore novel therapeutic approaches. The Hedgehog signaling pathway is aberrantly activated in lung
cancer and drives malignant phenotypes through autocrine and paracrine loops, thereby promoting tumor invasion, metastasis, and the
development of multidrug resistance. Therefore, targeted inhibition of this pathway has become an important research direction in lung
cancer therapy. Traditional Chinese medicine (TCM) possesses core advantages in antitumor therapy, including holistic regulation,
multi-target and multi-level intervention. TCM exerts anti-lung cancer effects by inhibiting tumor proliferation, alleviating
complications, and improving overall treatment outcomes, and has become an integral part of comprehensive clinical management of
lung cancer. Studies have shown that various active ingredients and derivatives from Chinese herbs, such as saponins, alkaloids,
terpenoids, and flavonoids; herbal extracts including Scutellaria barbata methanol extract, Cordyceps sinensis ethanol extract, and

Withania somnifera ethanol extract; as well as TCM formulas such as Erchen Decoction, Xingxiao Pill, Bushen Shugan Formula, and
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Wenxia Formula, can effectively regulate the Hedgehog signaling pathway and its crosstalk networks. They exert anti-lung cancer

effects through multiple mechanisms, including inducing autophagy and apoptosis of lung cancer cells, inhibiting tumor angiogenesis,

suppressing cancer stem cell properties, blocking epithelial-mesenchymal transition, reversing drug-resistant phenotypes, and

regulating the cell cycle. Systematically review the mechanisms by which TCM regulates the Hedgehog signaling pathway in the

treatment of lung cancer over the past five years, aiming to provide insights and references for the development of new anti-lung cancer

drugs and optimization of therapeutic strategies.

Key words: Hedgehog signaling pathway; lung cancer; traditional Chinese medicine monomer; herbal extractions; herbal

formulations; tumor stemness; EMT; reversal of drug resistance; apoptosis
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Fig. 1 Mechanism of action of Hedgehog signaling pathway in treatment of lung cancer (created with BioGDP.com!*?)
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JHT: S — 5w ER R EARSI &E E p21, NiH CDK2.
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EE p2l FEL, NAVET-EA Bel-2. Hhird
Y Ki-67. AW A CyclinD1. O fA4ERr 1A 2
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F1 PHFEMER D RITEYIEIE Hedgehog 155 BEATT AR AV/EANLH

Table 1 Mechanisms of active ingredients and derivatives of traditional Chinese medicine in regulating Hedgehog signaling

pathway for treatment of lung cancer

2T

4% Hedgehog

VoS e FR LAY Piilies - YRR
AmEE BBREY WiE  CD133*4ii 20mg Lt PTCHL. SHH. Bax}, Ki-67. Bcl-2), Tt
GLI1. SMO|
e s 5 A549 it 02294t SHH. PTCHL. ¥ET, Hésmiayreusi:
GLI1|
VTMBS Hip A549.H358.H1299 50 umol L. SMO. SHH. CyclinD1. CyclinBl. CDK4.
Eiilial GLI1}| N-cadherin. Twist. Snail|,
EMT|, #HfufERARE
JERB] Hip A549. H1299 4l 5. 10pumol L1 SHH. PTCH1.  LC3-lI. Cleaved Caspase-31, Fl
SMO. GLI1| Wiy AT
EVOBI SR AB49 4Hifig 1. 25 pmol-L* SHH. GLI1| Caspase-3 . Caspase-81
Survivin, Bcl-2. CyclinBI |,
PETT,  AE R
BHHE G-Rh* NS AB49 4y 50, 100umol+™*  SMO. GLI1.  E-cadherinf, Vimentin|, EMT|
GLI2. GLI3|
G-Rbq[* A& AB49/DDP 4l 6. 13. 28pumol Lt SHH. PTCH1. i¥#iizh
GLI2|
200N\ AS A549 21 25, 75, 125pgdL 1 GLI1| E-cadherint , N-cadherin .
1 Rgs™ vimentin|, EMT|
ASIVIE HE AB49/TR 2t 0.1 pmol 4.1 EREG. EbB. c¢MYC. NANOG. SOX2|, 4
ERK. GLI1| MO, SRR
[z PT FlEEE i BALBIC #  02. 04mgkg!  GLII CD31. PDGFR-B. VEGFR2|,
Gt AR
TP EHABE AS49PR. HA60PR  50. 100 nmol Lt HNFIA. SHH. ABCBI|, Wif#iiz4
qi Mo . fil o Eiifiap) PTCH1 .
BALBIc #RE 01mgkg™ W)  GLI2. GLI3|
CucB[™ JRFHE A549/DDP 4l 0005. 001. 002 GLI1. SMO|  p53. Bax. p211, Bcl-2. CDK2.
pmol- L1 CDK4. CyclinD1.CyclinE1 |,
P, AR HIER
52 SHI7 KA A549 iy 10.15.20pmol L SHH. PTCH.  Bax.Fas.PARP1.Caspase-3.p21.
SMO. GLI1.  E-cadherinf, Bck2.Ki67.Cyclin
GLI2| D1. MCM2. HIF-la. VEGF,
N-cadherin. Snail |, J&T1, 1M
AR EMT|
Pl QUEM Hies A549 iy 25 . 50 . 100 GLil. GLi2. Bax. Cleaved Caspase-37, Bcl-
pmol 4.7 SHH| 2. CyclinD1. PCNA. CD133,
CD44. ALDHIAL|, #1217,
AT
EZ/ =S MEZHY PE A549 41l 2. 5. 10pgmL?  SHH. GLI1| Caspase-31, VEGF. VEGFR2,
P, AR
e EMERRATAE  GMER  AB49 41 10.20.40pmol Lt GLIl} CyclinD1. N-Myc. Bcl-2|,
) 114 JHT
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TR PR ; #% Hedgehog
S ~ FIR il il s VERIMLH
i - (55w
LieS CURBE ZEH AS49. HI2994Hfg 5. 10. 20. 40 SHH. SMO.  Bax. cleaved Caspase-3. Cleaved
pmol L1 GLI1. GLI2| Caspase-8. cleaved Caspase-91,
Bcl-2 . CDI133 . CD44 .
ALDHIAL . NANOG .

OCT4], AT, 4]

- LR AT A S T s - R IR AM/ AR R

t-upregulation/activation/enhancement/elevation; |-downregulation/inhibition/reduction/decrease.

3.2 AEE)

Z P Zi Y R @ B[] Hedgehog 15 518
RSB s, 2RISR IEDUEEA . EEGE
B 42 U T 44 SHH. PTCH. SMO #1 GLI1 ]
mRNA FlH HRIAKF, ] Hedgehog 15 5 1@,
T CyclinA. CyclinB. CDKI1. CDK4 [{J$iX,
75T AS49. H1299 M Gi/S HARHH, MIfi#
HILIGTE 1228 R85, & U B 2 R R AU iE
i FEK SMO. PTCHI. GLI1. GLI2 f#ik, i
Hedgehog 15 5@ 0%, HH 1 cleaved Caspase-
3. cleaved Caspase-9 [f]3ik, T Bak. Bcl-2. B
MM R KR B (BelxL) KRk, MMiES
Il AS49 ZHARIHT B, B L RETRBUEE A B
RS (IR A 3% F4I SHH. SMO . GLI1. PTCHI
1) mRNA Fi& 7K, #it] Hedgehog 15 5 M &0 ,
T OCT4. SOX2. CD133. ABCG2. NANOG
(1) mRNA 7K, dEEs il 40 1%, ok, %
BX &AL BIA R i Bax. E-cadherin 327%, T ifl Bel-
2. Vimentin. Snail-1. a-SMA HZFRiX, NS H

JAT.. B EMT HEFE, 2345/ Wistar i KR
Ji R AR,

R EPTR, PRECESRIY). & hE BRI
B G HE H ) v 8 1L 895 Hedgehog 155 1@ %, BHAT
iRt S N 7= W 515 211 R B S (1
fil EMT #E82, J9vay7 M se it 18 i 7e 58 s
Feng, BAREZENEILE SRR

Hh 2G5 YD 4% Hedgehog {5 5 il B VAR I i
(PIAE ML S 45 LR 2.
33 PHES

W2 T IRFE R R FHIEIRIAAZ OIS, TR
MW BB, R EZ A 28 AT FEAE
MR T IR R, AIERXT i B3 2 400 BRRAES
SCt R ER AR IR, HIGIRA S 2t o
KESLEPBRN RIS R EEREE. K
B IRBEZMA L, BARBAE. A
R, WK, —Brzmiks DDP Al & & /b
GLIl. SMO. SHH. PTCHI1 [3&IE/KF,
Hedgehog 1S 54 S, MBI % DDP ¥a

=2 hZHIREUIVEIE Hedgehog 15 Si@ A TT At fE AOE A HLHI
Table 2 Mechanism of action of herbal extractions in treatment of lung cancer via modulation of Hedgehog signaling
pathway
PO KR S gk i Hedgehog BRI
{E5IakH
PREFEEEE PR A549 ., H1299 30. 60. 90gmL* SHH. PTCH.  CyclinA. CyclinB. CDK1. CDK4/,
Huped Y SMO. GLI1} AR IRH A
AMER R AHRERE A9 4 100. 500, 1000pg mL?  SMO. PTCH1. cleaved Caspase-3. cleaved Caspase-
FEHUpee! GLI1. GLI2| 91, Bak. Bcl-2. Bel-xL|, Tt
WA CBEHRI  BESh Wistar filifX 500 mg kg™ SHH. SMO. OCT4. SOX2. CD133. ABCG2.
e B GLI-1.PTCHI,  NANOG. Bcl-2. Vimentin. Snail-

1. 0-SMA|, Bax. E-cadherinf,
. EMT], FT:1

- IR ABGE G B T R - R R A AR o

t-upregulation/activation/enhancement/elevation; |-downregulation/inhibition/reduction/decrease.
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JTHUBE, MRRZEMER, &Z&ADH] Lewis il
Far R /N BB N RS IR AR K80, VY L L PR
WA AESAMAR, BAEWEMELE. Wi
IESE MR, WFCREL, BEYH AT LAREK SMO.
GLIl AWML, 0] Hedgehog 15 5 BB H 14,
£ F I SOX2. ALDHIA1 A FIZRIE, ik gghi
T AT, fe 2% Sl S F A B e P RS LR AR 0L,
HFHA A ETERAS. NS, K4 K,
BAEMRIE, WBEARNTha, HE24imiEe %
Z %A% PTCH1. SMO. GLII )35, #14] Hedgehog
ST, R Cyclin D1 HIZHk, K4 BH A
T Gy 11, BETGH0HITERE AS49 4 R GE AT AL fE
10, ANE BT E BRI (AT a5
YR, BAEANEHA. thmg. RS
34, FINEF T Fr 24 19 AT 2 BRI SHHL PTCHI
GLIl AWML, F0H| Hedgehog {5 5 @B H 1,
I EAM I T Ang2. VEGF mRNA (K%,
PG AS49 AHPRIME AR, (RN B35 3w A e
AT A IR AR, (R AS49 4HH E R iR
THEEHMF. K. MRS YAK, BA

S BRFAETEIIR, BT B IR LBR TR EGH
fii (WFEA) W[ &3 %K PTCH1. SMO. p-SMO.
GLIl FEAMFKRIE, 0| Hedgehog 15 5 @& 14,
2245/ BALB/c # R N R AR (I ARAR, i
A HEAR 2RO, XFHESRREEH XS, M
B\ ERJREAA R, BAFRINERMEETIRG H
T MGG B e v 23 K PTCH2. SMO.
GLIl. GLI2. GLI3 %A1k, #H] Hedgehog
S5, R OCT4. NANOG. SOX2 ik,
] B PE % e 24 PCO/OR AP T-E, B EE
1% PCY/OR 2 ffoxs BLAy £ Je BT 2414041

gi b, Bz, BEIE AL BEERRTEAURL. AN R
Ji 7 S 2552 @i BE I E T Hedgehog 15541
POm P, 7SR AW G, R R ES
SRR BELYARY 200 PR ) B0 R 4 ) e L A A
i TEREEIT T Y, N SE B SR AR TT
P ZERAE T B 1) SR S VR I PR R F S

W 2545 771 Hedgehog 15 5 18 IR T il 1
YE ML 25 W3R 3. HH 25145 Hedgehog 15518
YR IT ITgeE  AE FE LA LR 2.

&3 PHEFIFIE Hedgehog (55 BERIATT B R AV/EFAHLEI

Table 3 Mechanisms of Chinese herbal compounds regulating Hedgehog signaling pathway in treatment of lung cancer

HeE T SV AR i 4% Hedgehog 13 51l % Pt AE B
— PRz Lewis /N, 27 gkg? GLI1. SMO. SHH. PTCH1| 1%&. ¥, WifkiitZs
TR AL fififs BALB/c # 1.8gkg? SMO. GLI1} SOX2. ALDHIAL|, 4ifiF|
BB
LY ApILS! A549 4if 10% & 24 MK PTCH1. SMO. GLI1| Cyclin D1}, 403 MR AT
FNEF BT A549 4if 1.25. 250, 3.75gmL? SHH. PTCH1. GLII| Ang2. VEGF|, Bk, B
By, MAEERY, BT
BT JififE BALB/C # 100, 200. 400mgkg® PTCH1. SMO. p-SMO. ¥, 1228
BT GLI1|
KPHES R PCO9/OR 4Hff1 A0% A I PTCH2. SMO. GLI1. GLI2. OCT4. NANOG. SOX2|, 4uff1

GLI3| T, W2

t ORGSR/ TR b SRR T YR A RG> .

t-indicates upregulation/activation/enhancement/elevation; |-indicates downregulation/inhibition/reduction/decrease.

4 HEERE

25 I, Hedgehog 15 5 1 % 78 il 11 & A 5 1 3k
R HEEZ ORI MG, RN REYT
SR PII FR. BUA T CUESE, FEAEERZ
YRR, s R IxE NG TS, 1
It va T R AE B EAE . EPUE I 7T AL 2
M, B S, w2 R RS 2 R R AR
WEYERY, DUSCERGE. ARE R, LS 28R

By, 5Bz, BEER. AR BT TSE
g RReEd 2wt 2 Emm T s
Hedgehog 2 HiA2 HAF 5@, HHARAE ML 32 2
BLAE TS T I A0 T ) e i A A R BHYAT
S IRERR . B T AT 0 2 2
ZGPE. HIH EMT R DA K75 340 B s, K%
RGMERIBUMIR RN, I R R B e 24 ) Bk
BIRIT T R T RS EIR K .
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G-Rh, T 4-SMA] S~ 2 BRI AL
20(5)- N &2 1FRg, Vimentin| Sﬁ;fo(}l % {"]j‘in‘i’ R
[ At AR ) N-cadherin| ALDHIAL| i i 2. B AR U
/‘ ‘
, —
e ‘ A | oo .
CDK2, PRt A 01 HFHBAAT papp| 1 BBR
VM . . :
EVO Hedgehog ?DK,‘” (‘ﬂ»"PﬂSCJT '{R,Ii)
CucB ( yclgn Al & Caspase-81 Hedgehog UE
TPt A AL Cyclin B] Cleaved Caspase-31 — QUE
o AR Cyelin D1 & Cleaved Caspase-91
' Cyclin B1| Bel-2|
veli s A
Cyelin EL} Bak| EIHERR AT 1
20'-@_11 % B R
urvivin —

- AR /G T s |- AR R
t-upregulation/activation/enhancement/elevation; |-downregulation/inhibition/reduction/decrease.
2 FPEAIEE Hedgehog 5 SBEIGTTIEAMER NS (created with BioGDP.com!*!)
Fig.2 Mechanism of traditional Chinese medicine regulating Hedgehog signaling pathway in treatment of lung cancer
(created with BioGDP.com!*%)

HH R 2 7E B il U A AL LR A — s it
{EANAFAETE 2 A 2« O = 2418 #711] Hedgehog 15
5 18 I B M e )R AL ) 22 2 0 ) et e T 4 R
PE. BHLIE EMT 2685, 5 S 40 B 0 1 2230 i
%y, HA R4 E . SS9 B e, %
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