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Abstract: This study aimed to explore the anti-tumor activity and mechanisms of action of isorhamnetin, a
compound isolated from Astragalus membranaceus, in combination with sorafenib for treatment of renal cell
carcinoma (RCC). The anti-tumor activity of isorhamnetin in combination with sorafenib was detected by MTT
assay with cells in culture or Renca xenograft model in mice. Western blot was used to study the mechanisms
of isorhamnetin in combination with sorafenib. Lymphocyte proliferation assay was also used to investigate the
effects of the two drugs in combination. The results indicated that isorhamnetin inhibited the proliferation of
RCC cells, with IC,, for A498, 786-0 and Renca cell lines with being 31.7, 28.8 and 106.0 umol- L*, respectively.
Isorhamnetin in combination with sorafenib improved the anti-lymphocyte proliferation activity of sorafenib with
the IC,, down to 12.0 umol - L% Isorhamnetin inhibited the growth of RCC in mice slightly with the inhibition
efficiency at 26.9%. With 50.0 mg-kg™ isorhamnetin in combination with 20.0 mg-kg™ sorafenib, the anti-tumor
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activity of sorafenib was enhanced, with inhibition of growth rate increased to 60.7%. Meanwhile, isorhamnetin in
combination with sorafenib could promote the lymphocytes proliferation in Renca xenograft model. Western blot
results showed that combination of isorhamnetin and sorafenib could inhibit c-RaffMEK/ERK and AKT/mTOR
signaling pathways. In conclusion, the combination of isorhamnetin with sorafenib could increase the anti-tumor
activity of sorafenib in RCC in vitro and in vivo. The mechanisms may be related to the inhibition of c-Raf/MEK/
ERK and AKT/mTOR signaling pathways. Procedures for animal study were performed with approval of the
Animal Care and Use Committee of the Chinese Academy of Medical Sciences and Peking Union Medical College.
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Figure 1  Antitumor activity of compounds of Astragalus combined with sorafenib on the tumor growth in mouse Renca xenograft model
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Table 1  The effect of compounds of Astragalus combined with sorafenib on the tumor growth in mouse Renca xenograft model. “P<0.05,

“P<0.01 vs control; #P<0.05 vs sorafenib. IR: Inhibition rate

Group Dose/mg- kg™ : Weight/g Tumor weight IRI%
Begin End /g
Control 155+0.3 15.0+0.6 1.35+0.37
Sorafenib 20.0 15.0+0.8 121+04 0.81+0.08" 40.0
Formononetin 50.0 15704 143+09 1.26 +£0.13 6.9
Isorhamnetin 50.0 154+05 13.6+1.0 0.99+0.19 26.9
Kaempferol 50.0 156+04 138+18 0.92+0.16 323
Astragalin 50.0 153+0.3 129+04 0.94 +£0.15" 30.9
Astragaloside 1V 50.0 155+0.3 148+24 1.14+0.29 16.0
Cycloastragenol 50.0 152+0.3 146+13 0.98 +0.32 27.3
Astragalus polysacharin 50.0 159+0.7 153+16 1.16 £0.39 14.2
Formononetin + Sorafenib 50.0+20.0 15403 123+0.8 0.84 +0.08" 38.1
Isorhamnetin + Sorafenib 50.0+20.0 154+0.5 121+15 0.53 £0.14" 60.7
Kaempferol + Sorafenib 50.0+20.0 15.3+0.6 129+1.2 0.70 £ 0.14" 48.6
Astragalin + Sorafenib 50.0+20.0 158+0.3 122+0.8 0.71+0.10™ 47.4
Astragaloside IV + Sorafenib 50.0+20.0 153+05 11.3+0.6 0.63+0.09" 53.5
Cycloastragenol + Sorafenib 50.0+20.0 15.3+0.6 11.8+0.6 0.85+0.10" 375
Astragalus polysacharin + Sorafenib 50.0+20.0 153+04 11.9+0.5 0.75+0.19" 44.9
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Figure 2 Expected additive effect curve and actual effect curve
of isorhamnetin combined with sorafenib on Renca cells
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Table 3 Combination index (CI) of isorhamnetin combined with sorafenib. (3) and (4) was calculated by “One Belt and One Line Method”®!,
(5) was observed by the MTT assay, (6): (5)/(3); (7): (5)/(4); “-” represented no value. f (S+S, ): The expected addictive effect of isorhamnetin
combined with sorafenib by the equivalent dose conversion when the sorafenib was the target drug; g (1+1s): The expected addictive effect of

isorhamnetin combined with sorafenib by the equivalent dose conversion when the isorhamnetin was the target drug

fpﬁfﬁ“ﬁﬁ '?J;ZT_”E_T” £ (S+S)/% g (1+1/% e’?fcet;i;) cl, cl,, Judgement
() (@) ®) 4) ®) (6) @) ®)
1.6 36.7 38.4 9.8 0.3<1 0.3<1 Antagonism
3.1 42.2 38.8 12.5 0.3<1 0.3<1 Antagonism
6.3 50.0 52.0 41.2 17.4 0.3<1 0.4<1 Antagonism
125 65.8 51.5 44.5 0.7<1 0.9<1 Antagonism
25.0 79.0 71.0 82.9 1.0>1 1.2>1 Synergism
50.0 86.2 - 87.6 1.0>1 - Synergism
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Figure 3 The effect of isorhamnetin combined with sorafenib on
the related protein expression in Renca cells xenograft tumors
by Western blot analysis. A: AKT/mTOR signaling pathway; B:
c-Raf/MEK/ERK signaling pathway; C: The proteins related to
the cell apoptosis and angiogenesis
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Figure 4 The effect of isorhamnetin combined with sorafenib
on the lymphocytes proliferation. "P<0.05, "P<0.01, "“P<0.001 vs
control; 442P<0.001 vs sorafenib
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BEMHIH mTOR B ER AL, M /E H 5t T %Ik e, JFH
HR A AEREA G 2 MH AKT & mTOR B & 1k, k1
I T HIF A1 VEGF 315 . AKT/mTOR {5 5 1 #%
55 2 P 1 5 AR B it A AR ORE O, BRI S R 2R R AT R
J2 i i ) AKT B B2 A, P 5] % 4z E Je BH i AKT/
MTOR 15 5 ¥ SImE, "~ U8 & A4 s 5 & K, i
38 170 1) ek 96 4 A 38 5 R T AR ORI PE L, SR
Ak J& Bk 5 W [5) 2- i E & 400 1) b 368 2 O e i R v
Mo R R0 PR E 44U p-c-Raf /KT, it — 2
M MEK F1 ERK B R 1L, 1F B ZE R e B &, (E X
c-PARP H1 Bel-2 % T-AH G EE S W R 52 mi . 57 B2
RE5 R IAEBE S J5 0ok R i 3E Je X c-Raf/MEK/
ERK (5 5 % J3d B8 (4 d4E ), HLIXS J5 {2 ik c-PARP

Tk, FEAK Bel-2 KF, HEWT 7 B 2 = W Rl R B AR S 41
il c-Raf/MEK/ERK 5 5 a8 i, 32t 1 52 el 3 T2 AH OC 2
(R, (IR 33 e 8 490 ) 2, 00 sk P e 400 P 44 4

AT LK, 72 R A 5 AKT/
mTOR Al c-Raf/MEK/ERK 5 5 # S il i, 5 &R AR
I5CA5 o I ) 8 e S A 2 3 B P 400 ) 1 D e 42 40 )
Je I A5 AR RSORN 4T B G A, (R E o a i . S R
FHRA AR RS U 2 0 ) e AR K 1 R
FR7 AR JE bk A B e B A AR . RBLAEJEAE N
Z W A ), S 2@ I 52 AKT/mTOR F c-Raf/
MEK/ERK 15 *5 38 i#% > 5% Wil it J8q 41 Jfa 33 58 1 %% $5200,
T 4% I R R AR I R R R B RIS T8
2%, FEEEA 6 mTOR B IR 1L 2% 51 2 AKT il c-Raf/MEK/
ERK 15 ‘538 % 0, /2 R AR e 5 = A it 24 14 1) Ji
2 —, A It c-Raf/MEK/ERK {5 5 i % # i 75 A1
mTOR 1 1l 55 1k & 5 A 78 iR v o7 o e 38 & BRI ik
PeU, SR AR BE R BHE AKT/mTOR Fil c-Raf/MEK/
ERK 15 538 %, 5 24 Ak Je BC& 8 FH R is 58 & 4k
JEXT AKT/mTOR {5 538 4% B30, PR 57 B 2= 25 T g
2298 /0 Z o AR JE RS AKT/mTOR 8 5% 1 7= A& 1 i
2y, H 5 25 2 [5) 38 9 2%z AR e R B o 1 A K 4 )
1B, A8 Az i MLRE A Rr it — A 7L, B2 i
PR 5 Af R R 2R R AT AT B T IR VA
I7, R G AR IR 3

References

[1] Chen WQ, Zheng RS, Baade PD, et al. Cancer statistics in
China, 2015 [J]. CA Cancer J Clin, 2016, 66: 115-132.

[2] OhJJ, Lee JK, Do SB, et al. Accurate risk assessment of patients
with pathologic T3aNOMO renal cell carcinoma [J]. Sci Rep,
2018, 8: 13914.

[3] Xu FJ. The Effect of sorafenib in the treatment of patients with
advanced renal cell carcinoma and the adverse effects of observa-
tion [J]. J Guide Chin Med (' [l X #j 45 #4), 2017, 15: 8-9.

[4] Li H, Shen KK. Research progress of drug combination of
Chinese materia medica on antitumor [J]. Acta Univ Tradit Med
Sin Pharmacol Shanghai (_L i " B5 24 K % 22 #it), 2017, 31:
90-94.

[5] Wu J, Wang C. Research progress on the pharmacological effect
of Astragalus membranaceus [J]. J Xinxiang Med Coll (#f £ =
5B 4R), 2018, 35: 755-760.

[6] Lin Q, Li Y, Tang XM, et al. Simultaneous determination of
formononetin, calycosin and isorhamnetin from Astragalus
mongholicus in rat plasma by LC-MS/MS and application to
pharmacokinetic study [J]. J Chin Med Mater (24 #1), 2013,
36: 589-593.

[7] Liu CX, Huang LL, Yan C, et al. The anti-tumor activity and



1430

2% %4 Acta Pharmaceutica Sinica 2019, 54(8): 1424 -1430

(8]

[°]

[10]

[11]

[12]

[13]

[14]

mechanisms of a GLI1 inhibitor FL18 in suppression of glioblas-
toma growth [J]. Acta Pharm Sin (24 % %)), 2018, 53: 1113-
1121.

Yuan SJ. Establishment of new method for quantitatively calcu-
lating synergistic, additive and antagonistic effect in multiple
drug combination [J]. Chin J Pharmacol Toxicity (741 E 253 2 5
M2 E), 2016, 30: 1316-1332.

Rosenberg L, Yoon CH, Sharma G, et al. Sorafenib inhibits
proliferation and invasion in desmoid-derived cells by targeting
Ras/MEK/ERK and PI3K/AKT/mTOR pathways [J]. Carcino-
genesis, 2018, 39: 681-688.

Edlind MP, Hsieh AC. PI3BK-AKT-mTOR signaling in prostate
cancer progression and androgen deprivation therapy resistance
[J]. Asian J Androl, 2014, 16: 378-386.

Mao LY, Chen QY, Gong K, et al. Berberine decelerates glucose
metabolism via suppression of mTOR dependent HIF1a protein
synthesis in colon cancer cells [J]. Oncol Rep, 2018, 39: 2436-
2442.

Cui SX, Shi WN, Song ZY, et al. Des-gamma-carboxy pro-
thrombin antagonizes the effects of sorafenib on human hepato-
cellular carcinoma through activation of the RaffMEK/ERK and
PI3K/AKT/mTOR signaling pathways [J]. Oncotarget, 2016, 7:
36767-36782.

Zeng YZ, Tian XF, Wang Q, et al. Attenuation of everolimus-
induced cytotoxicity by a protective autophagic pathway involving
ERK activation in renal cell carcinoma cells [J]. Drug Des Devel
Ther, 2018, 12: 911-920.

Chen XL, Yang HF, Zhai JW, et al. Effect of different mulberry

[15]

[16]

[17]

[18]

[19]

[20]

[21]

leaf extracts on spleen lymphocyte proliferation in mice [J]. Chin
Anim Husb Vet Med (' [H & #i(# 1), 2017, 44: 3598-3604.
Zheng W, Shou JZ, Ma JH. Research status of sorafenib for
patients with renal cell carcinoma [J]. Clin Med J (lIfi /K 25 ¥ ¥R
J7 7% £), 2012, 10: 19-23.

Kuo CC, Chen JJ, Tsai JY, et al. Effects of Chinese herbal medi-
cine in combination with mitomycin C on gastric cancer cells
[J]. Biomark Res, 2014, 2: 26.

Zhou RJ, Chen HJ, Chen JP, et al. Extract from Astragalus mem-
branaceus inhibit breast cancer cells proliferation via PI3K/AKT/
mTOR signaling pathway [J]. BMC Complement Altern Med,
2018, 18: 83.

Chen YC, Duda DG. Targeting immunosuppression after stan-
dard sorafenib treatment to facilitate immune checkpoint block-
ade in hepatocellular carcinoma - an auto-commentary on clini-
cal potential and future development [J]. Oncoimmunology,
2015, 4: €1029703.

Zhao W, Gu YH, Song R, et al. Sorafenib inhibits activation of
human peripheral blood T cells by targeting LCK phosphoryla-
tion [J]. Leukemia, 2008, 22: 1226-1233.

Nishida N, Kitano M, Sakurai T, et al. Molecular mechanism and
prediction of sorafenib chemoresistance in human hepatocellular
carcinoma [J]. Dig Dis, 2015, 33: 771-779.

Liu C, Lee WC, Huang BM, et al. 16-Hydroxycleroda-3,13-dien-
15,16-olide inhibits the proliferation and induces mitochondrial-
dependent apoptosis through AKT, mTOR, and MEK-ERK path-
ways in human renal carcinoma cells [J]. Phytomedicine, 2017,
36: 95-107.



