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Polyphyllin VII inhibits osteosarcoma xenograft growth in mice by inducing ferroptosis

via upregulating SOHLH1

XIAO Danting?, TANG Haijun', YANG Mingxiu', TENG Hongcai', LIANG Jiming?, XIE Tianyuz, FENG Wenyu’*, LIU Shangyu?, DAI Wei?,
LI Hening', LIU Yun'

'Department of Spinal Bone Disease, *Department of Traumatic Orthopedics and Hand Surgery, ‘Department of Oncology, First Affiliated
Hospital of Guangxi Medical University, Nanning 530021, China; *Department of Bone and Joint Diseases Surgery, Second Affiliated
Hospital of Guangxi Medical University, Nanning 530007, China

Abstract: Objective To investigate the inhibitory effect of polyphyllin VII (PP7) on osteosarcoma xenograft growth in mice
and explore the underlying molecular mechanism. Methods Ultra-performance liquid chromatography-tandem mass
spectrometry was used to analyze the main active components of Paris polyphylla. Six nude mice bearing patient-derived
xenograft (PDX) were randomized into two groups for treatment with 2 mg/kg PP7 gavage or saline every other day for 28
days, and the changes in tumor volume and mass were measured. In cultured 143B and HOS cells, the effect of PP7 treatment
(0, 1.25, 2.5, 5, and 10 pmol/L) on cell proliferation was assessed with CCK-8 assay, and Transwell assays were employed to
examine the changes in cell migration and invasion. The target of PP7 was predicted by integrated analyses with single-cell
RNA sequencing (scRNA-seq), bulk RNA sequencing (bulk RNA-seq) and molecular docking and verified using Western
blotting. In osteosarcoma cells transfected with SOHLH1 siRNAs or a negative control sequence, the effects of PP7 treatment
(5 pmol/L) on cell migration, invasion, ferroptosis, reactive oxygen species (ROS) production and lipid peroxidation (LPO)
were analyzed. Results PP7 was identified as one of the major active constituents of Paris polyphylla. In the tumor-bearing
mice, PP7 treatment significantly lower the tumor volume and mass. In 143B and HOS cells, PP7 concentration-dependently
inhibited cell proliferation, and at 5 pmol/L, PP7 significantly inhibited cell proliferation, migration and invasion. Multi-omics
analysis identified SOHLH1 as a potential target of PP7, and Western blotting confirmed that PP7 upregulated SOHLH1
expressions at both the mRNA and protein levels. SOHLHI silencing obviously attenuated the inhibitory effects of PP7 on cell
migration and invasion and reduced PP7-induced ferroptosis. Conclusion PP7 suppresses osteosarcoma xenograft growth in
mice by inducing ferroptosis via upregulating SOHLH1 expression.
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Fig.1 Mass spectrometry results for P. polyphylla. A: Base peak ion plots of P. polyphylla in positive
ion modes. PP7 was detected at the retention time of 38.38 min (red box). B: Base peak ion plots of
P. polyphylla in negative ion modes. C: Molecular formula of PP7.
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Tab.1 Ientification results in the positive ion mode

Compound name Molecular formula

First and second level fragments

Retention Accurate .

© time (min) molecular weight fonic form - ppm
1 1.798 4024792 MK 317 tribﬁt‘\ﬁtcyiltra N
2 1.982 610.5175 M+H -1.96 Rutin
3 4.618 274.3978 M+H -2.54 Nandrolone
4 14.503 855.017 M+H 257  PolyphyllinI
5 21.452 592.7606 M+H 1.35 Agavoside A
6 21.687 903.0583 M+H 7.96  Trigofoenoside A
7 25.211 293.3663 M+Na  4.43 Anastrozole
8 25.474 738.9018 M+H -1.89  Polyphyllin VI
9 27.384 430.62 M+H 3.94 Pennogenin
10 27.499 414.6206 M+H  0.96 Diosgenin
11 28.371 480.6341 M+H 9.34 Crustecdysone
12 28.877 191.1867 M-+H 5.72 Carbendazim
13 29.455 1015.1848 M+H -2.85 Polyphyllin B
14 29.455 1015.1848 M+H -2.85 Polyphyllin E
15 29.455 1015.1848 M+H 5.51 Polyphyllin F
16 30.536 869.0436 M+H 1.72 Dioscin
17 32.939 696.8651 M+H 9.03 Momordicoside E
18 33.402 404.4105 M+H 034 ﬁ:;ﬁg;fr‘l’égsge
19 37217 323.5133 M+H 031 E;;‘L"Olf:nyli &
20 37.434 278.3435 M+K  -1.89 Dibutyl Phthalate
21 37.434 317.5072 M+H 0.63  Phytosphingosine
22 38.378 1049.1990 M+H -4.00  Polyphyllin VII
23 51.839 196.2429 M+H 3.55 Loliolide

441.5761, 199.0983, 215.0932, 229.142, 257.1379,

C20H3408 259.1531, 267.123, 287.1467, 299.1497, 303.18014
C27H30016 611.5242, 123.0442, 245.0442, 593.146,
C18H2602 275.4051, 83.0852, 1;;5953(3),6153.1279, 177.1264,
C44H70016 856.0271, 428.5142,

C33H5209 593.7685, 123.1132,291.1961, 475.3434, 519.3343,
C45H74018 904.059, 577.3734, 683.4028, 753.4484, 829.4611
C17HIONS 316.3553, 55.0295, 23251'??2,2173.1073, 187.1236,
C39H62013 739.9083, 433.2632, 578.383, 397.3106
C27H4204 431.6296

C27H4203 415.6289, 81.0693, 105.0697
C27H4407 481.6467, 59.0493, 132(:;1192(%’279.1596, 305.1737,
C9HIN302 192.1957

C51H82020 1016.1898, 293.1246, 723.4232
C51H82020 1016.1898

C51H82020 1016.1983

castirzons T s 20t o, a5 31
C37H60012 697.8793, 489.3545

C27H30015 595.5262, 223.0970, 373.1257
C20H37NO2 324.5211, 83.0849

C16H2204 317.4412
CI8H39NO3 318.5153, 65.038, 69.0704
C51H84022 1050.2032, 721.4158, 575.3579,
CI1H1603 197.2516, 67.0547, 111.0446
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Tab.2 Identification results in the negative ion mode

Retention Accurate Tonic Molecular .
No. time (min) molecular weight form ppm Compound name formula First and second level fragments
1 6.609 402.4792 M-H 8.97 Acetyl Tributyl Citrate C20H3408 401.4748, 245.103, 255.1215, 289.0943
2 7.238 430.62 M-H -1.40 Pennogenin C27H4204 429.6114
3 10.321 610.5175 M+Cl 8.36 Rutin C27H30016 645.9759, 163.0600, 193.0131
4 11.516 414.6206 M+Cl 3.55 Diosgenin C27H4203 450.0752
5 14.868 738.9018 M+Cl 4.52 Polyphyllin VI C39H62013 774.3583
6 21.72 592.7606 M-H 7.60 Agavoside A C33H5209 591.7571, 73.0284, 315.2324, 355.2267, 359.2231, 413.3022
7 26.119 191.1867 M-H 1.58 Carbendazim C9HIN302 190.1790, 104.0244, 158.0367
8 29339 5945181 M-H 074  Kaemplerol O 00015 593.5102, 111.0446, 2510915, 265.0710, 375.1415
Neohesperidoside
9 29.917 696.8651 M+Cl 2.32  Momordicoside E ~ C37H60012 732.3134,121.0515, 341.2867, 505.3542, 605.381
10 34.047 317.5072 M-H -8.21  Phytosphingosine ~ C18H39NO3 316.4966, 352.9604
516.0871, 75.0456, 99.0812, 115.0761, 141.0934, 145.0868,
+
11 34.395 480.6341 M+Cl 0 Crustecdysone C27H4407 2911613, 301.1825, 445.2586
12 36.535 903.0583 M+Cl 0.53 Trigofoenoside A C45H74018 938.5118, 547.3687, 593.3664, 709.4143
13 40.653 196.2429 M-H 6.15 Loliolide C11H1603 195.2362, 179.0700, 195.1020
14 41.316 278.3435 M+Cl -6.05 Dibutyl Phthalate C16H2204 313.7946, 55.0548, 147.0078, 167.034, 183.1388
15 42.043 869.0436 M-H -3.34 Dioscin C45H72016 868.0327, 101.0238, 557.3476, 575.3569
16  45.297 274.3978 M-H 5.49 Nandrolone C18H2602 273.3914, 147.0822, 173.0955, 239.1447
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Fig.2 PP7 inhibits osteosarcoma xenograft growth in nude mice. A: Macroscopic observation of osteosarcoma

xenograft in nude mice after PP7 intervention. B: Macroscopic observation of the dissected tumors after PP7

intervention. C: Comparison of tumor volume between the two groups. D: Comparison of tumor weight
between the two groups. *P<0.05 vs Control.
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Fig.3 PP7 inhibits proliferation, invasion, and migration of osteosarcoma cells in vitro. A, B: Results of CCK-
8 assay showing dose-dependent inhibition of 143B cell proliferation by PP7 (*P<0.05, **P<0.01, ***P<0.001
vs 0 pmol/L). C-F: Transwell assays showing that 5 umol/L PP7 significantly suppresses cell migration and
invasion (Original magnification: x200). **P<0.01, ***P<0.001 vs Control.
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Fig.4 The inhibitory effect of PP7 against osteosarcoma is mediated possibly by SOHLH1. A: UMAP plot
of scRNA-seq data. B: ALPL, RUNX2, and IBSP are highly expressed in cluster 2. C: Intersection of bulk
RNA-seq and scRNA-seq data. D: SOHLH1 expression is significantly upregulated in PP7-treated PDX
tumors [log2(fold change)=2.487]. E: SOHLHI1 is lowly expressed in osteosarcoma cell lines detected by
qRT-PCR (*P<0.05, **P<0.01 vs OB). F: Western blotting showing PP7 upregulates SOHLH1 protein levels
in both 143B and HOS cell lines (*P<0.05, **P<0.01 vs Control). G: The binding energy of PP7 to SOHLH1
was -6.9 kcal/mol by molecular docking.
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