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ABSTRACT Objective: To investigate the effects of trigonelline (TRG) on the proliferation, migration and invasion of non-small
cell lung cancer (NSCLC) cells by regulating hypoxia inducible factor-1a (HIF-1a)/vascular endothelial growth factor (VEGF) signaling
pathway. Methods: (1) In vitro experiments: NSCLC cell lines (A549) were randomly divided into control group (Control group, normal
culture), TRG low concentration group (TRG-Low group, 25 uM), TRG high concentration group (TRG-High group, 50 uM), TRG high
concentration+HIF-1a activator dimethyloxalylglycine group (TRG-High+DMOG group, 50 uM TRG+10 uM DMOG). The prolifera-
tion, migration and invasion abilities of cells in each group were detected by Cell Counting Kit-8 (CCK-8) method, cell scratch assay, and
transfer the chamber (Transwell), respectively. (2) In vivo experiment: 60 SPF male Rowett nude mice were randomly divided into nor-
mal group (NC group), in situ NSCLC model group (Model group), TRG low dose group (TRG-Low group, 40 mg/kg TRG), TRG high
dose group (TRG-High group, 80 mg/kg TRG) and TRG high dose+DMOG group (TRG-High+DMOG group, 80 mg/kg TRG+40 mg/kg
DMOG), TRG and DMOG were injected intraperitoneally, with 12 mice in each group. The lung tissue in each group of rats was taken
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for lung weight index and total tumor load measurement at the end of the experiment. The pathological changes of lung in each group
were observed by hematoxylin-eosin (HE) staining. The apoptosis rate in lung tissue was evaluated by in situ end labeling (TUNEL) as-
say. The expression of HIF-1a, VEGF, cyclin D1 (cyclinD1), E-cadherin (E-cadherin) and vimentin (Vimentin) in lung tissue of rats in
each group were detected by immunoblot experiments (Western Blot). Results: (1) In vitro experiments: The survival rate, cell migration
rate and cell invasion number of A549 cells in TRG-Low group and TRG-High group were significantly lower than those in control group
(P<0.05). The survival rate, cell migration rate and cell invasion number of A549 cells in TRG-High+DMOG group were significantly
higher than those in TRG-High group(P<0.05). (2) In vivo experiment: The lung weight index, total tumor load, HIF-1a, VEGF, CyclinD1
and Vimentin protein expression in Model group were significantly higher than those in NC group (P<0.05), and the apoptosis rate and
E-cadherin protein expression were significantly decreased (P<0.05). The pathological damage of lung tissue was serious, and there were
obvious NSCLC lesions. The lung weight index, total tumor load, HIF-1a, VEGF, CyclinD1 and Vimentin protein expression in
TRG-High group were significantly lower than thoes in Model group(P<0.05), the apoptosis rate and E-cadherin protein expression level
were significantly higher than those in Model group (P<0.05), the pathological damage of lung tissue was reduced, and the NSCLC
lesions were reduced. DMOG alleviated the inhibitory effect of TRG on NSCLC (P<0.05). Conclusion: TRG may inhibit the prolifera-
tion, migration and invasion of NSCLC cells by inhibiting the HIF-1a/VEGF signaling pathway in vitro and in vivo to prevent progres-

sion of NSCLC.
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Table 1 Comparison of survival rate of A549 cells(xt s, n=6)

Survival rate of cells( % )

Groups
24h 48 h 72h

Control group 100.56% 4.24 103.41+ 7.20 104.23+ 8.20
TRG-Low group 81.23+ 8.36* 57.89% 5.84* 34.56 3.13*
TRG-High group 67.30% 6.15% 22.13% 2.06*" 10.34+ 1.89%*
TRG-High+DMOG group 80.34+ 8.01¢ 55.78+ 5.44% 29.46% 3.04¢

F 23.740 223.100 450.500

P <0.001 <0.001 <0.001

Note: Compared with the control group, *P<<0.05; Compared with the TRG-Low group, “P<<0.05; Compared with the TRG-High group, “P<<0.05.
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BB ETE(P<0.05). k2 A 1,

2.3 & A549 B RE N HItL B

TRG-Low #H ., TRG-High #H%% Control ZH 4fi i {5+ 28 %k H [
fIL(P<<0.05); BE# TRG ¥ T , TRG-High 2040 fifd (= 2841 H
HE— B F#% (P<<0.05); TRG-High+DMOG 41 %% TRG-High 41
AR A% (P<0.05), W3 3.4 2,
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Table 2 Comparison of migration ability of A549 cells in each group(xt s, n=6)

Groups Cell migration rate(%)
Control group 57.89+ 6.03
TRG-Low group 42.23+ 4.57*

TRG-High group

TRG-High+DMOG group

F

P

30.49+ 3.25%
40.58+ 3.79%
37.430
<0.001

Note: Compared with the control group, *P<<0.05; Compared with the TRG-Low group, “P<<0.05; Compared with the TRG-High group, “P<<0.05.

Control group TRG-Low group TRG-High group TRG-High+DMOG group

Oh

24h

"y 8. T o P

B 1 A549 AT EE MR
Fig.l The migration ability of A549 cells test Results
3 FH A4 BRAREZEBBMLEE(xt 5,0=6)

Table 3 Comparison of the number of A549 cell invasion in each group(xt s, n=6)

Groups Number of cell invasions(Number/ View)

Control group
TRG-Low group

TRG-High group

TRG-High+DMOG group

F

p

476.25+ 40.56
312.78% 29.46*
124.50+ 13.47*
279.41+ 24.32¢
152.000

<0.001

Note: Compared with the control group, *P<<0.05; Compared with the TRG-Low group, *P<<0.05; Compared with the TRG-High group, *P<<0.05.

Control group TRG-Low group TRG-High+DMOG group
B 2 AS49 fRAEER AE ST UEE SR (< 200)
Fig.2 The migration ability of A549 cells test Results (x 200)

24 ZAKRITEEIENSIES AT Z T+ (P<0.05); 5 Model 4H A kb, TRG-High 2H K Uit & &
5 NC ZHALL ,Model 40 K BRI SR80, R i i FE50 e B 6 g i 28 PR (P<<0.05), 55 TRG-Low ZHAHL TG
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Table 4 Comparison of lung weight index and total tumor load in each group of rats(xt s, n=12)

A, TRG-High+DMOG 2 K BRI E B8, IR s

G

Groups Lung weight index Total tumor load(Scores)
NC group 7.15% 0.58 0.00+ 0.00
Model group 16.45+ 1.52* 2.97+ 0.54%
TRG-Low group 15.47+ 1.49 2.54% 0.49
TRG-High group 8.61+ 0.84*% 1.57+ 0.33%
TRG-High+DMOG group 13.16+ 1.20" 2.48% 0.40"
F 145.600 105.100
P <0.001 <0.001

Note: Compared with the NC group, *P<<0.05; Compared with the Model group, “P<<0.05; Compared with the TRG-Low group, “P<<0.05;

Compared with the TRG-High group, “P<<0.05.
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B ) et e S

TRG-High+DMOG group

[ 3 HE £EBNREHKRMEPARBEZETU(x 200)
Fig.3 HE staining was used to observe the pathological changes of lung tissue in each group ( x 200)
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Table 5 Comparison of apoptosis rate in lung tissue of rats in each group(xt s, n=6)

Groups Apoptosis rate( % )
NC group 9.56% 1.13
Model group 297+ 0.32%
TRG-Low group 3.02+ 0.33
TRG-High group 8.46+ 0.92%
TRG-High+DMOG group 4.15+ 0.46"
F 116.400
P <<0.001

Note: Compared with the NC group, *P<<0.05; Compared with the Model group, *P<<0.05; Compared with the TRG-Low group, “P<<0.05; Compared
with the TRG-High group, "P<<0.05.

TRG-High group TRG-High+DMOG group
4 TUNEL & 2=-&HK RATERLMME T ER
Fig.4 TUNEL staining was used to observe the apoptosis of lung cells in each group

* 6 SEARMALRF HIF-1o/VEGF FSBBEARIESHE IBEEBEXEARELR(x 5,0=6)
Table 6 Comparison of HIF-1a/VEGF signaling pathway protein expression and proliferation, migration and invasion related protein expression in lung

tissue of rats in each group(xx s, n=6)

Groups HIF-1a/B-actin VEGF/B-actin CyclinD1/B-actin E-cadherin/B-actin Vimentin/B-actin
NC group 0.42+ 0.05 0.37+ 0.04 0.23+ 0.02 0.93+ 0.09 0.30+ 0.03
Model group 0.89+ 0.09* 0.82+ 0.08* 0.78+ 0.08* 0.34%+ 0.03* 0.87+ 0.09*
TRG-Low group 0.81+ 0.08 0.76x 0.07 0.76x 0.08 0.36x 0.04 0.85+ 0.09
TRG-High group 0.53% 0.05* 0.49% 0.05* 0.40% 0.04* 0.82+ 0.08* 0.38+ 0.04*
TRG-High+DMOG group 0.70x 0.07* 0.68+ 0.07* 0.65+ 0.07* 0.44+ 0.04* 0.71x 0.07*
F 46.410 56.660 87.910 123.300 90.090
P <<0.001 <<0.001 <<0.001 <<0.001 <<0.001

Note: Compared with the NC group, *P<<0.05; Compared with the Model group, “P<<0.05; Compared with the TRG-Low group, “P<<0.05;
Compared with the TRG-High group, *P<<0.05.

NSCLC % I 35 2, 205408 FRBE 8 20

—
iig SEBATX, APk, Fe NSCLC MR R MIFE T A
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Fig.5 Western Blot was used to detect the expression of HIF-1a/ VEGF
signaling pathway protein, proliferation, migration and invasion related
protein in rat lung tissue
Note: A: NC group; B: Model group; C: TRG-Low group;

D: TRG-High group; D; TRG-High+DMOG group.
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