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Farnesoid X receptor inhibits the proliferation and invasion of
non-small cell lung cancer cells by downregulating miR-21
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(1. the Second Department of Thoracic Oncology, Xinxiang Central Hospital, Xinxiang 453000, China.
2. Department of Respiratory Medicine, Nantong First Hospital, Nantong 226006 )

[ Abstract]  Objective To observe the expression levels of Farnesoid X receptor (FXR) in non-small cell lung
cancer (NSCLC) tissue and cell lines, and to explore whether the role of FXR in the proliferation and invasion of NSCLC
cells is related to the regulation of miR-21. Methods From 2010 to 2012, 80 cases of NSCLC tissue and matched normal

tissue were collected. The expression of FXR in the NSCLC tissue and cell lines was analyzed using immunohistochemistry
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or Western blot. The effects of GW3965 (1~5 pmol/L) on cell viability and invasion and miR-21 levels were evaluated
using CCK-8, transwell and qRT-PCR. MiR-21 was overexpressed or knocked down using transfection technology, and the
effects on cell viability and invasion were evaluated. Moreover, the relationship between FXR and miR-21 was analyzed by
double luciferase assay. Results  Compared with the adjacent non-tumor normal tissue, the expression of FXR was
significantly lower in NSCLC tissue ( P<0.001). Kaplan-Meier analysis revealed that low FXR expression predicted a worse
prognosis for NSCLC patients (X*=4.496, P=0.033). There were significant differences in clinical stage, tumor size, T
stage and lymph node metastasis (N stage) between high- and low-FXR tumors ( P<0.05). GW3965 promoted FXR
protein expression in A549 cells in a dose-dependent manner, inhibited cell proliferation and invasion and decreased miR-
21 expression. Overexpression of miR-21 significantly reversed the inhibitory effects of FXR on the growth and invasion of
NSCLC cells (P<0.05), and miR-21 silencing significantly enhanced the inhibitory effects of FXR on the growth and
invasion of NSCLC cells ( P<0. 05). The double luciferase assay confirmed that FXR inhibited the proliferation and invasion
of NSCLC cells by targeting miR-21. Spearman’ s test revealed a strong negative correlation between FXR and miR-21
expression in NSCLC specimens (P<0.001). Furthermore, Kaplan-Meier analysis revealed that a coexistence pattern of
“FXR low” and “miR-21 high” predicted the worst prognosis in NSCLC patients (X*=8.201, P=0. 004). Conclusions

FXR inhibits the growth of NSCLC cells by downregulating miR-21, suggesting that regulation of FXR/miR-21 may be a

potential strategy for the treatment of NSCLC.
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Figure 1 Low FXR expression is associated with poor prognosis in NSCLC patients
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Note. A, Expression of FXR protein in different types of NSCLC cell lines. B, Effects of different concentrations of GW3965 on
FXR expression in A549 cells. C, Proliferation of A549 cells was detected by CCK-8 method. D, Transwell assay was used to
detect the effect of GW3965 on the invasion of A549 cells. Compared with GW3965 0 pmol/L, *P<0.05, *P<

0.01, "*P<0.001.

Figure 2 FXR inhibited the proliferation of NSCLC cells in vitro
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Figure 3 FXR inhibits the proliferation and invasion of NSCLC cells by down-regulating miR-21
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Note. A, Predicted binding sites of miR-21 in the WT 3” UTR and MUT 3’ UTR of FXR ( mutated bases were underlined). B, In the combined
presence of pcDNA-miR-21 and si-miR-21, the luciferase reporter plasmid pmirGLO-FXR-WT or pmirGLO-FXR-MUT was transfected into A549 cells
for 24 h, and then the luciferase activity was measured. Compared with NC group, ***P<0.001. Compared with pDNA+miR-21, *P<0.01.
Figure 4 FXR directly interacted with miR-21
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Adjacent NSCLC

T SABIEHZUELL, ~P<0.01,
B 5 80 fiil 4 NSCLC 4141+ miR-21 Kik 5
BEXTAHSBZH L L #5
Note. Compared with adjacent tissues, “*P<0.01.
Figure 5 Comparison of miR-21 expression in NSCLC

tissues of 80 patients with paired adjacent tissues

%2 NSCLC *F' FXR 4 miR-21 3k MHIEHES T
Table 2 Correlation analysis of FXR and miR-21
expression in NSCLC

miR-21
NSCLC 4141 KFEE  EES A P
NSCLC tissue Low High Total
expressmn expresswn
FXR Hi#ik FXR high 11 16 27
FXR k335 FXR low 29 24 53 0,454 <0.001
41t Total 40 40 80

— FXRIEEIE, miR-21%E#KE
FXR low, miR-21 high

-t FXRIGEIE, miR-21KHKE
FXR low, miR-21 low

v FXRERIE, miR-21%#iE
FXR high, miR-21 high

-1- FXRF#IE, miR-21MKKIE
FXR high, miR-21 low

AR

Probability of Survival

0 2lO 4I0 6I0
[} ) (h) Time
B 6 Kaplan-Meier 4347 2.7~ FXR KA1 miR-21
o AR R I B R 22
Figure 6 Kaplan Meier analysis showed that patients with
low FXR expression and high miR-21 expression

had the worst prognosis

GW3965 Jf 47 i &8 3 1% A W] far 984 /1N B MDSCs 2 1T
) ApoE-LRPS #Z /& 5| MDSCs & 1=, M 1M B K
MDSCs Xt T 4t A4 30 il 7 i, & 450 e 72 T
ARWFFE T RE BT, FIH GW3965 i NSCLC 4
o FXR A9 A ME T AS49 41 i 4 i 42 22
PR FXR ATHES 5 T NSCLC M) & A4 & e, JF T 4k
SIRYT NSCLC i —FloBr B I R 73 FARic i .

TR, AR 4578 FXR 78 NSCLC & 4E
KPR HTEEENLE, KRR, miRNA 78 E
KB E RHIEM . miRNA 75 R/ 53R 40 5
RNA, 0] D3 55 8 ) mRNAs 8 L i ik
K, miRNAs 38 3 2 5 2 Fl 5 968 0 A5 5C 19 A= 4 2
TR G020 B B RN R T W E A 2 B R ) g R
FHIE 7 JERi#E NSCLC B9 miRNA BF 55 %
B1, miRNA B MR 9 B0 /E T, 1 miRNA-615-3p
] IGF2 ] NSCLC 1 e A K At L)
miR-129 i i #L[5] SOX4 #IH| A549 40 i i 4% Fi
12781 B, FXR B iRiE @S 5 3 UTR 454>
P73 miR-21 k") miR-21 78 18 5 % 40 J 47>
FUEME R v 4 VR A, IF HLE T DR i
A T M OB 40 R A O TR
AN, miR-21 7E NSCLC 4 i i A= K AR ZBFH T h
EEEMEMAD T B FXR AR £k, B
miR-21 AffigJ& FXR MMk ¥ B 7, 45 R 3R 0,
miR-21 £ A\ NSCLC i BE &3k, A H GW3965
BOE FXR AR miR-21, I H miR-21 i 36 3k i %
T FXR X} NSCLC #fffi A= K Az 22 iy il fEH .
— i POLR R A B8 miR-21 5 FXR #9 37
UTR 4500 S AHSE A RS T A S R 8, UL LAiE
PR miR-21 J&— P B 1Y miRNA | FXR 3 2o 50
] miR-21 SRHNH| NSCLC 45 fiR 28, AFoE
R NSCLC 5 7 H FXR Fl miR-21 93235 2 g
TAEE, I H “ FXR IR A" Fl“ miR-21 & 3Rik" Ik
AT T NSCLC R MG, Tt
WFFE45 R FXR #3h7) GW3965 1E miR-21 i JFFik
i) NSCLC 8 rh B W LE A R AN (B, LAk %
miR-21 WA FE M, 5 BE3E— 25 Al PR A Al R
SRR S5 — WA

25 AT A58 R T FXR 38 F 7 miR-21
il NSCLC 4l iy A= <, $27R J8#% FXR/miR-21 7]
REAZIRYT NSCLC MW TESR g . A5 FXR 25
NSCLC Wy &4 KR T — B A .
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