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Research progress on reversing tumor multidrug resistance of polyphyllins
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Abstract: The emergence of multidrug resistance in tumors is one of the main reasons for chemotherapy failure. Steroid saponins are
the main active ingredients in Paridis Rhizoma, and have been isolated and identified as polyphyllin I, II, VII, D, etc. Polyphyllins
reverse tumor multidrug resistance through multiple pathways and targets, such as inhibiting drug efflux, inducing cell apoptosis,
inhibiting autophagy, regulating cell cycle, and regulating related signaling pathways. This article reviews the research progress on
mechanism of polyphyllins reversing tumor multidrug resistance, providing reference for the development of new drugs for reversing
tumor multidrug resistance agents.
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BT D EH] HepG2/Dox 4Hf)5, SEMREEA et
PR MRS FELAT AN AR 2R (AFRIE,  ZRRRS R A
2, HERRIEASIAK. Feng Z02HF50 K I, 0.1,
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DU145 # R ERBAL, i ip 4545 27d, 5E
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Table 1 Reversing tumor multidrug resistance of polyphyllins
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3 R MU E 20
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AL 0.5, 0.6+
pmol-L!

f&&h: 0.1~10 pg'mL™";
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A AL BN AT p-P38. p-INK A KIE
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1k STAT3 2 [ ¥#i%; 3# VEGF .p-VEGFR2 Fl p-

P38 Fik
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EWEMPER B LR ERKI1/2. p-ERK HIFE

ik, FEHNH DNMT1 & F#RiE

0.7 W] AR A B E I CIP2A 13K 24
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i (A549/DDP) pg-mL™! ik, L E-cadherin £ AFRIA
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%% e (HCC827-ER)
N L T ) 5 2
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A549/DDP —
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N 15 mg-kg™!

EAERE I

FEHEF VII MCF-7/Dox fA&4k: 1. 3 pmol-L™!

T252AREE [ Fas. T hREE A cleaved-Caspase-
3. cleaved-PARP HJRIX

f&4h: 300 nmol- L1 44 ##k] IL-6/STAT3 [FII80E M ¥k 480 EMT £AF 36

550313 pmol L™ B iR BRI (B AH S M Hb 3G At ez v, IF B 43

Wee 280 ML 2 ) ¥t 3

Jt% Bax/Bcl-2. Caspase-3 HIRIA 14
0% p-PI3K. p-Akt. p-mTOR & HKIFEIE, /Lt 34
TR H Bax IE, 840 PI3K/Akt/mTOR

155 imes
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g R EHR
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J BEL i
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AR, EMR T B 0 R 253
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M, HAdEA MR B R R R R RS
TR R 24 (AR AT 75— AP Sk . H AT E R
H B I A TR AR AR N AME I RIHLERI B 7T, (HOC
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EHAETIRI TR IR, xRt RIR YT R
NI BAT HEE S

RBEFRR AR AERARELEFZTR
EE R
[1] ZhangL, Ye B, Chen Z, et al. Progress in the studies on the
molecular
resistance in cancers [J]. Acta Pharm Sin B, 2023, 13(3):

mechanisms associated with multidrug



FEI0EEI0H 2024FE10H

AR b A

Drugs & Clinic

Vol. 39 No.10 October 2024 * 2709 -

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

982-997.

Wu Q, Yang Z, Nie Y, ef al. Multi-drug resistance in cancer
chemotherapeutics: Mechanisms and lab approaches [J].
Cancer Lett, 2014, 347(2): 159-166.

Desantis C E, Lin C C, Mariotto A B, et al. Cancer
treatment and survivorship statistics [J]. Cancer J Clin,
2014, 64(4): 252-271.

Kumar A, Jaitak V. Natural products as multidrug
resistance modulators in cancer [J]. Eur J Med Chem,
2019, 176: 268-291.

Qin X J,YuMY, NiW, et al. Steroidal saponins from stems
and leaves of Paris polyphylla var. Yunnanensis [J].
Phytochemistry, 2016, 121: 20-29.

EFK, LR, s, 5 HERLER . AEE
JH AR A 2 P AF U3 e [9]. PR 2, 2022, 53(23):
7633-7648.

Pote M S, Gacche R N. ATP-binding cassette efflux
transporters and MDR in cancer [J]. Drug Discov Today,
2023, 28(5): 103537.

Du H, Wu H, Kang Q, et al. Polyphyllin I attenuates the
invasion and metastasis via downregulating GRP78 in
drug-resistant hepatocellular carcinoma cells [J]. Aging
(Albany NY), 2023, 15(21): 12251-12263.

LiY, Fan L, Sun Y, et al. Paris saponin VII from 7rillium
tschonoskii reverses multidrug resistance of adriamycin-
resistant MCF-7/ADR cells via P-glycoprotein inhibition
and apoptosis augmentation [J]. J Ethnopharmacol, 2014,
154(3): 728-734.

Tang GE, Niu'Y X, Li, et al. Paris saponin VII enhanced
the sensitivity of HepG2/ADR cells to ADR via modulation
of PI3K/AKT/MAPK signaling pathway [J]. Kaohsiung J
Med Sci, 2020, 36(2): 98-106.

Ong R CY, LeiJ, Lee RKY, ef al. Polyphyllin D induces
mitochondrial fragmentation and acts directly on the
mitochondria to induce apoptosis in drug-resistant HepG2
cells [J]. Cancer Lett, 2008, 261(2): 158-164.

Feng F, Sun C, Wang X, et al. Polyphyllin I induces
apoptosis and autophagy in temozolomide-resistant glioma
via modulation of NRF2 and MAPK-signaling activation
[1]. Biotechnol Genet Eng Rev, 2023, 5: 1-20.

Jiang H, Zhao P J, Su D, et al. Paris saponin I induces
apoptosis via increasing the Bax/Bcl-2 ratio and caspase-3
expression in gefitinib-resistant non-small cell lung cancer
in vitro and in vivo [J]. Mol Med Rep, 2014, 9(6): 2265-
2272.

Peng, L, Yang, R, Wang, Z, et al. Polyphyllin II (PPII)
enhances the sensitivity of multidrug-resistant A549/DDP

cells to cisplatin by modulating mitochondrial energy

[18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

metabolism [J]. In Vivo, 2024, 38(1): 213-225.

Usman R M, Razzaq F, Akbar A, et al. Role and mechanism
of autophagy-regulating factors in tumorigenesis and drug
resistance [J]. Asia Pac J Clin Oncol, 2021, 17(3): 193-208.
Piao S, Amaravadir R K. Targeting the lysosome in cancer
[J]. Ann N'Y Acad Sci, 2016, 1371(1): 45-54.

Wang Y, Chen Y'Y, Gao G B, et al. Polyphyllin D punctures
hypertrophic lysosomes to reverse drug resistance of
hepatocellular carcinoma by targeting acid sphingomyelinase
[J]. Mol Ther, 2023, 31(7): 2169-2187.

Xie B, Wang S, Jiang N, et al. Cyclin B1/CDK1-regulated
mitochondrial bioenergetics in cell cycle progression and
tumor resistance [J]. Cancer Lett, 2019, 443: 56-66.
Wang H, Fei Z, Jiang H. Polyphyllin VII increases
sensitivity to gefitinib by modulating the elevation of P21
in acquired gefitinib resistant non-small cell lung cancer
[J]. J Pharmacol Sci, 2017, 134(3): 190-196.

Qiao L, Zheng J, Tian Y, et al. Regulator of chromatin
condensation 1 abrogates the G cell cycle checkpoint via
Cdkl1 in human papillomavirus E7-expressing epithelium
and cervical cancer cells [J]. Cell Death Dis, 2018, 9(6):
583.

Wu L, Li Q, Liu Y. Polyphyllin D induces apoptosis in
K562/A02 cells through G2/M phase arrest [J]. J Pharm
Pharmacol, 2014, 66(5): 713-721.

Xiang S, Zou P, Wu J, et al. Crosstalk of NF-kB/P65 and
LncRNA HOTAIR-mediated repression of MUC1 expression
contribute to synergistic inhibition of castration-resistant
prostate cancer by polyphyllin 1-enzalutamide combination
treatment [J]. Cell Physiol Biochem,2018,47(2): 759-773.
Xu Z, Chen X, Hegazy A M, et al. Depletion of CIP2A
inhibits the proliferation, migration, invasion and epithelial-
mesenchymal transition of glioma cells [J]. Brain Res Bull,
2021, 173: 14-21.

Zhang Y, Huang P, Liu X, et al. Polyphyllin I inhibits
growth and invasion of cisplatin-resistant gastric cancer
cells by partially inhibiting CIP2A/PP2A/Akt signaling
axis [J]. J Pharmacol Sci, 2018, 137(3): 305-312.

Xie F, Bao X, Yu J, et al. Disruption and inactivation of the
PP2A complex promotes the proliferation and angiogenesis of
hemangioma endothelial cells through activating AKT and
ERK [J]. Oncotarget, 2015, 6(28): 25660-25676.

Feng F, Cheng P, Wang C, et al. Polyphyllin I and VII
potentiate the chemosensitivity of A549/DDP cells to
cisplatin by enhancing apoptosis, reversing EMT and
suppressing the CIP2A/AKT/mTOR signaling axis [J].
Oncol Lett, 2019, 18(5): 5428-5436.

Lee S, Rauch J, Kolch W. Targeting MAPK signaling in



* 2710 ¢

H39EBFE10H 202410 H

AR E bl

Drugs & Clinic Vol. 39 No.10 October 2024

(28]

[29]

[30]

(31]

(32]

(33]

[34]

[35]

cancer: Mechanisms of drug resistance and sensitivity [J].
Int J Mol Sci, 2020, 21(3): 1102.

S, AL AT MAPK 15 538 B R e 2
A A AR (1], P EE &, 2019, 28(8):
948-953.

Zou P, Chen Z, He Q, et al. Polyphyllin I induces
ferroptosis in castration-resistant prostate cancer cells
through the ERK/DNMTI/ACSL4 axis [J].
2024, 84(1): 64-73.

Chai D, Yuan J, Zhu X, et al. Total saponins from Paris

Prostate,

forrestii reverse multidrug resistance of MCF-7/ADM
cells by suppression of P-gp via ERK signaling pathway
[J]. Biol Pharm Bull, 2020, 43(12): 1823-1830.

Rascio F, Spadaccino F, Rocchetti M T, et al. The
pathogenic role of PI3K/AKT pathway in cancer onset and
drug resistance: An updated review [J]. Cancers (Basel),
2021, 13(16): 3949.

Lai L, Shen Q, Wang Y, et al. Polyphyllin I reverses the
resistance of osimertinib in non-small cell lung cancer cell
through regulation of PI3K/Akt signaling [J]. Toxicol App!
Pharmacol, 2021, 419: 115518.

JiY,Ma S L, Zhang Y P, et al. Combined treatment with
TNF-o/gefitinib alleviates the resistance to gefitinib in PC-
9 cells [J]. Anticancer Drugs, 2009, 20(9): 832-837.
Zheng R, Jiang H, Li J, et al. Polyphyllin II restores
sensitization of the resistance of PC-9/ZD cells to gefitinib
by a negative regulation of the PI3K/Akt/mTOR signaling
pathway [J]. Curr Cancer Drug Targets, 2017, 17(4): 376-
385.

Zhao C,LiH, Lin HJ, et al. Feedback activation of STAT3

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

as a cancer drug-resistance mechanism [J]. Trends
Pharmacol Sci, 2016, 37(1): 47-61.

Lou W, Chen Y, Zhu K'Y, et al. Polyphyllin I overcomes
EMT-associated resistance to erlotinib in lung cancer cells
via IL-6/STAT3 pathway inhibition [J]. Biol Pharm Bull,
2017, 40(8): 1306-1313.

FuY,LiC, LuoY, et al. Silencing of long non-coding RNA
MIAT sensitizes lung cancer cells to gefitinib by
epigenetically regulating miR-34a [J]. Front Pharmacol,
2018, 9: 82.

Kim J, Piao H L, Kim B J, et al. Long noncoding RNA
MALAT1 suppresses breast cancer metastasis [J]. Nat
Genet, 2018, 50(12): 1705-1715.

Yang Q, Chen W, Xu Y, et al. Polyphyllin I modulates
MALAT1/STATS3 signaling to induce apoptosis in gefitinib-
resistant non-small cell lung cancer [J]. Toxicol Appl
Pharmacol, 2018, 356: 1-7.

Manuelli V, Pecorari C, Filomeni G, et al. Regulation of
redox signaling in HIF-1-dependent tumor angiogenesis
[J]. FEBS J, 2022, 289(18): 5413-5425.

Zhang D, Tian X, Wang Y, et al. Polyphyllin I ameliorates
gefitinib resistance and inhibits the VEGF/VEGFR2/p38
pathway by targeting HIF-1a in lung adenocarcinoma [J].
Phytomedicine, 2024, 129: 155690.

Eytan G D, Regev R, Oren G, et al. The role of passive
transbilayer drug movement in multidrug resistance and its
modulation [J]. J Biol Chem, 1996, 271(22): 12897-12902.
R, SEA, koN—, S EHAERE 1 W AL
I B T B P MR S A AR R (D). o PR 24 B A 2
£, 2023, 39(2): 196-200.

[t M E]



