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Effects of nobiletin on proliferation, migration, and invasion of rectal cancer
cells by regulating RAS/RAF/MEK/ERK signaling pathway

LI Yun, RUAN Ying, SUN Yanling, LI Taolan, WU Zhe
Hubei University of Science and Technology, Xianning 437100, China

Abstract: Objective To investigate the effects of nobiletin on the proliferation, migration, and invasion of rectal cancer cells by
regulating the renin-angiotensin system(RAS)/RAF/mitogen-activated protein kinase (MEK)/extracellular regulated protein kinase
(ERK) signaling pathway. Methods Human rectal cancer cells (SW480) were treated with nobiletin at concentrations of 5, 10, 20,
40, and 80 pg'mL™", and suitable experimental concentrations were screened. SW480 cells were randomly divided into control
group, nobiletin low-, mid-, and high- doses (10, 20, 40 pg-mL™") groups, and a high dose nobiletin+RAS activator group (RASALI
group). The proliferation, migration, and invasion ability of SW480 cells were detected. Western blotting was applied to detect
protein expression. Nude mice were used to detect the effect of nobiletin on rectal tumors. Results By screening the concentrations,
concentrations of 10, 20, and 40 pg-mL™" of nobiletin were selected for the experiment. Compared with the control group, the Edu
positive rate, cell invasion number, and scratch healing rate decreased in the nobiletin groups, while the expression levels of cyclin-
dependent kinase 1 (CDK1), matrix metalloproteinase-2 (MMP-2), matrix metalloproteinase-9 (MMP-9), RAS, RAF, MEK, and
ERK decreased (P < 0.05). Compared with nobiletin high dose group, the Edu positive rate, cell invasion number, and scratch
healing rate increased in the nobiletin + RASALI group, while the expression levels of CDK1, MMP-2, MMP-9, RAS, RAF, MEK,
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and ERK (P < 0.05). The growth rate of transplanted tumors in the nobiletin groups was slower than that in the control group, the

tumor volume decreased, the quality decreased, and the expression of RAS, RAF, MEK, and ERK proteins was down regulated (P <
0.05). Conclusion Nobiletin inhibits the activation of the RAS/RAF/MEK/ERK signaling pathway, thereby inhibiting the

proliferation, migration, and invasion of rectal cancer cells.

Key words: rectal cancer; nobiletin; RAS/RAF/mitogen-activated protein kinase (MEK)/extracellular regulated protein kinase

(ERK) signaling pathway; proliferation; migration; invasion
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Table 1 Effect of nobiletin on proliferation of SW480

cells (xts, n=6)

JI R R 3/ AT /%
(pg'mL™") 24 h 48 h 72 h
OCKARD  100.00+£0.00  100.00+0.00  100.00+0.00
5 99.87+3.62 99.54+3.83 99.75+3.26
10 88.43+3.97" 87.25+3.89"  85.16+£3.24°
20 76.45+3.57" 7431£3.39°  71.93+3.44
40 65.48+£2.79"  63.56+£1.98"  60.42+2.31"
80 62.77£1.85"  61.57£1.94"  57.34+1.83"

Sxig 41t P<<0.05.

P <0.05 vs control group.
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Fig. 1 Proliferation of SW480 cell (x200)
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Fig.2 Migration of SW480 cell (x200)
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Fig. 3 Invasion of SW480 cell (x200)
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Table 2  Effects of nobiletin on proliferation, migration and invasion of SW480 cells (x+s, n=6)

4151 IR E/ (ug-mL ) Edu BH#:%/% YR EAR/% 2 0 1% 22 H A
X HE — 56.75+5.83 86.89+8.95 164.78+17.05
NI B 3 10 43.62+4.79™ 71.36+7.52" 140.36+15.49"
20 29.24:+3,02" 53.49+5.74" 114.12+14.727""
40 17.98+1.96" #ress 34214363 LS 75.26+7.90" &S
JI 4 % Z+RASALI 40+0.002 34.85+3.76"4% 60.13+6.25°4" 120.58+13.29744

XA - "P<0.05 TP<<0.01 “P<<0.001; 5 I % 10 pg-mL ™ AL ELH - *P<<0.05 ##P<<0.001; 55 1| [ 2 & 20 pg-mL ™" 415
&&&p0.001; 55 1B 2 40 ug-mL™ 2 EL# 222 P<<0.001 .

P <0.05 "P<0.01 ""P<0.001 vs control group; “P<0.05 " P <0.001 vs nobiletin 10 pgmL™" group; “““P < 0.001 vs nobiletin 20 pgmL™"
group; P <0.001 vs nobiletin 40 pg-mL"" group.
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Table 3 Effect of nobiletin on expression of CDK1, MMP-2 and MMP-9 protein in SW480 cells (x+s, n=6)

A FUEIRE/(ug-mL ™) CDK1/B-actin MMP-2/B-actin MMP-9/B-actin
X e — 1.1240.13 1.2540.18 1.0740.19
IR R 2 10 0.85+0.08™" 0.96+0.10™" 0.78+0.07""
20 0.62:+0.05"""" 0.75+0.07"" 0.56+0.05""
40 0.3340.03 "8 0.41£0.04" &8s 0.24£0,03 " #ess
I f Z+RASALI 40+0.002 0.76x0.07""" 0.87+0.08""" 0.66+0.06""

5t AL - TTP<<0.001; 5 )11 2 3R 10 pg-mL ™ 4L L8 - FP<<0.05 #P<<0.01 "*P<<0.001; 5 1| B {2 K 20 pg-mL™ 4 Eb 4% - 44 p<
0.001; 5 )11 52 % 40 pg-mL ™ 4L E A : 242 P<<0.001

""P <0.001 vs control group; “P < 0.05 ¥P<0.01 *P<0.001 vs nobiletin 10 pg-mL™" group; ““*P < 0.001 vs nobiletin 20 pg-mL"™" group;
AL5P <0.001 vs nobiletin 40 ug-mL™" group.
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detected by Western blotting R LSBT - BEAH CRC R AL PR A BT

#4 IR EX RAS.RAF.MEK .ERK E 8 % % HI 8200 (xts, n=6)
Table 4 Effects of nobiletin on expression of RAS, RAF, MEK and ERK protein (;:i:s, n=6)

21 JREWREZ/(ug-mL ") RAS/B-actin RAF/B-actin MEK/B-actin ERK/B-actin
pagilsl — 1.28+0.25 1.19+0.23 1.07+0.16 0.98+0.12
JR R 2 10 1.01£0.16" 0.92+0.11° 0.85+0.08" 0.79+0.07"
20 0.74+0.07"" 0.71£0.07" 0.60:£0.06""# 0.53+0.05""**
40 0.50£0.05™""  0.48£0.05™"""*  (.4420.04™""¢ (0,320,037 s
JIE5 2 Z+RASALL 40+0.002 0.90+0.09°"" 0.82+0.08°"4 0.73£0.0744% 0.62+0.06°4%

L34l :"P<<0.05 "P<<0.01 "P<<0.001: 5 IIFR K 2 10 pg-mL ™ 41 - *P<<0.05 #P<<0.001; 5 1R % 20 pg-mL T AL LL AL 4P
<0.05 “*4p<0.001; 5 )1 JZ % 140 pg-mL™ 41 H#% . 244P<0.001 .

P <0.05 “P<0.01 7P <0.001 vs control group; "P < 0.05 " P < 0.001 vs nobiletin 10 pg:mL™" group; “P < 0.05 “*¢P < 0.001 vs
nobiletin 20 pg-mL™" group;~"“*P < 0.001 vs nobiletin 40 pg-mL"" group.
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Fig. 6 Effect of nobiletin on tumor volume(x+s, n=6)
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x5 JIBEERENBEENRM (x5, n=6)

Table 5 Effect of nobiletin on transplanted tumor (x+s, n=6)

415 MR 5 /g PR A A /mm?

RAS/B-actin

RAF/B-actin MEK/B-actin ERK/B-actin

o} 0.85+0.16
ZiY) 0.37+0.04™"

546.78+89.36
243.52+47.81"

0.76+0.09
0.32+0.03"

0.85+0.09
0.43+0.04™"

0.96+0.13
0.52+0.05™"

0.80+0.08
0.39+0.04™"

AL LT P<<0.001
"P <0.001 vs control group.
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