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Increasing evidence demonstrates that long non-coding 
RNAs (lncRNAs) play important regulatory roles in medi-
ating initiation and progression of lung adenocarcinoma 
(LA), which is one of the most lethal in humans. A previ-
ous study reported that lncRNAZXF1 was dysregulated in 
LA and enhanced expression of ZXF1 promoted the inva-
sion and metastasis in LA. However, the effect of ZXF1 
on LA progression and its underlying mechanisms were 
not thoroughly investigated. In our in vitro experiments, 
qRT-PCR revealed that the expression level of ZXF1 in 
LA tissues and tumor cells were significantly higher than 
that in adjacent normal tissues and normal cells. Further-
more, bioinformatics analysis, luciferase reporter assay, 
western blot and RNA immunoprecipitation (RIP) assay 
showed that ZXF1 could directly interact with miR-634, 
which targets GRB2. Therefore, we propose that ZXF1 
could function as an oncogene partly by sponging miR-
634 and therefore regulating GRB2 expression in LA. 
Overall, this study demonstrated, for the first time, that 
the lncRNA ZXF1/miR-634/GRB2 axis plays crucial roles 
in modulating LA progression. Moreover, lncRNA ZXF1 
might potentially improve LA prognosis and serve as a 
therapeutic target for the treatment of LA.
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INTRODUCTION

Lung cancer is one of the most common public 
health problems and the leading cause of cancer-related 
mortality worldwide. In 2018, the most recent statistics 
from the American Cancer Society showed that lung 
cancer accounts for about 14% of new cancers in men 
and 13% of new cancers in women in the United States 
(Siegel et al., 2018). Lung cancers are routinely classi-
fied into small-cell lung carcinomas (SCLC) and non-
small cell lung carcinomas (NSCLC). More than 80% of 
lung cancers are classified as non-small cell lung cancer 

(NSCLC), and lung adenocarcinoma (LA) is the most 
common form of NSCLC (Zappa & Mousa, 2016). 
Traditional treatments including surgery, chemotherapy, 
radiotherapy and blockade of epidermal growth factor 
receptor do not result in satisfying prognosis and the 
overall survival rate of LA is still very low (Wakeam et 
al., 2017). Therefore, it is necessary to thoroughly study 
the molecular pathogenesis of LA and explore the effec-
tive diagnostic biomarkers to improve clinical outcomes 
for the patients.

Long non-coding RNAs (lncRNAs) are one type of 
non-coding RNA molecules that are longer than 200 
bp and lack protein-coding capability. Many biological 
processes such as transcription, translation, and post-
transcriptional modification are regulated by lncRNAs 
(Ponting et al., 2009; Ni et al., 2018). A number of stud-
ies showed that lncRNAs participate in the initiation 
and progression of human cancers such as breast can-
cer (Zhou et al., 2018), ovarian cancer (Nikpayam et al., 
2017), and liver cancer (Dickson, 2016). In recent years, 
lncRNAs were demonstrated to play a key regulatory 
role in the development of LA (Zhan et al., 2017). The 
expression levels of lncRNAs are closely related to the 
survival and prognosis of cancer patients, but the specif-
ic molecular mechanisms have not been fully elucidated. 
Thus, exploring the biological functions and underly-
ing mechanism of lncRNAs is a promising strategy to 
gain insight into the pathogenesis of LA and to develop 
novel LA diagnostic biomarkers and therapeutic targets. 
ZXF1 is located on human chromosome 10q23.31 and 
contains 3,985 nucleotides (Pan et al., 2017). A previous 
study reported that lncRNA ZXF1 was up-regulated in 
LA patients (Zhang et al., 2014). However, the under-
lying molecular mechanisms and the effect of lncRNA 
ZXF1 on the progression of LA were not thoroughly 
explored.

MicroRNAs (miRNAs) are short non-coding RNA 
molecules that are 21-25 bp long. They participate in 
the initiation and progression of cancers including lung 
cancer (Bartel, 2004). miR-634, a subunit of miR-634 
family, plays an important role in regulating tumor ini-
tiation, invasion and metastasis in esophageal carcinoma 
cells (Fujiwara et al., 2015), cervical cancer cells (Cong 
et al., 2016), and hepatocellular carcinoma cells (Zhang 
et al., 2016). Although the previous studies revealed the 
important role of miR-634 in lung cancer, the molecular 
mechanisms of miR-634 in LA still need to be further 
explored.

Growth factor receptor-bound protein 2 (GBR2) links 
activated epidermal growth factor receptor tyrosine ki-
nase to downstream kinases ERK1/2 by binding to 
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specific phosphotyrosine-containing and proline-rich se-
quence motifs (Lowenstein et al., 1992). It was reported 
that GRB2 is highly expressed in a variety of cancers 
(breast cancer, gastric cancer and esophageal squamous 
cell carcinoma, etc.). It acts as an important tumor-pro-
moting factor and is associated with metastasis and over-
all poor prognosis (Giubellino et al., 2008; Yu et al., 2009; 
Li et al., 2014). Several miRNAs were shown to target 
GRB2 to modulate cancer cell proliferation and migra-
tion at the post-transcriptional level. These miRNAs in-
clude miR-27b-3p (Chen et al., 2018), miR-433-3p (Shi 
et al., 2018), miR-329 (Wang et al., 2016) and miR-1258 
(Jiang et al., 2018). However, whether the interaction be-
tween GRB2 and miR-634 is involved in the progression 
of LA is still not known.

Recent studies demonstrated that lncRNAs function 
as competing endogenous RNAs (ceRNA) by sponging 
miRNAs to regulate gene expression at the post-tran-
scriptional level. In this study, we found that lncRNA 
ZXF1 acted as a decoy for miR-634 and GRB2 down-
regulation by miR-634 could be partially suppressed by 
lncRNA ZXF1 overexpression. Our study revealed a 
novel mechanism where lncRNA ZXF1 serves as a mo-
lecular sponge for miR-634 and regulates GRB2 expres-
sion level in LA progression.

MATERIALS AND METHODS

Collection of clinical specimens. The clinical LA 
tissues and matched adjacent normal lung tissues were 
collected from 60 patients with LA. These patients un-
derwent surgical resection of the tumor. The normal 
lung tissues were 5 cm away from the edge of the tumor 
and no obvious tumor cells were found in these tissues 
by a tumor pathologist. All the cancer patients that par-
ticipated in this research signed informed consents. The 
examination and the informed consents were approved 
by the Ethics Committee of Renmin Hospital of Wuhan 
University and conformed to the World Medical Asso-
ciation Declaration of Helsinki. The surgically removed 
tissue samples were frozen in liquid nitrogen promptly 
and stored at –80°C until use.

Survival analysis. Data was collected from the De-
partment of Oncology, Renmin Hospital of Wuhan 
University, Wuhan City, Hubei Province, China. It took 
about 5 years to collects the material, perform the ex-
periment and collect data on the patients’ survival.

Cell culture and transfections. Human lung epithe-
lial cell line (BEAS-2B) and four LA cell lines CALU3, 
SPC-A1, NCIH1573 and A549 were purchased from the 
Chinese Academy of Sciences (Shanghai, China). All of 
the cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 10% fetal bovine 
serum (FBS) and 1% penicillin (100 μg/mL)/strepto-
mycin (100 U/mL) at 37°C in an incubator with 5% 
CO2. MiR-634 mimic, pcDNA3.1/ZXF1 plasmid were 
obtained from Gene-pharma (Shanghai, China). The 
siRNA sequences targeting GRB2 (si-GRB2) were pur-
chased from RiboBio Co. Ltd (Guangzhou, China). All 
of the transfections in this project were performed with 
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, 
U.S.A.) according to the manufacturer’s instructions.

RNA extraction and qRT-PCR. Total RNA was ex-
tracted from patients’ tissues and cultured cell lines using 
Trizol reagent (Thermo Fisher Scientific, Inc., MA, USA) 
then reverse-transcribed to cDNA using the RevertAid 
RT Reverse Transcription kit (Thermo Fisher Scientific, 
Inc., MA, USA) according to the manufacturer’s instruc-

tions. The quantification of mRNA expression was per-
formed by qRT-PCR using the Standard SYBR-Green 
RT-PCR kit (Takara Bio, Inc., Otsu, Japan) in accord-
ance with the standard protocols and GAPDH was used 
as the control gene. All of the related miRNA reagents 
used in this study were purchased from RiboBio Co., 
Ltd (Guangzhou, China). MiR-634 mimic (5’-AAC-
CAGCACCCCAACUUUGGACGGTATTCGCACTG-
GATACGACGAACTTT-3), miR-634 inhibitor (5-CAC-
UACUUUUGUGUCCCACUU-3) were purchased from 
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). 
MiR-634 primer was purchased from Shanghai GeneP-
harma Co., Ltd. The relevant primer sequences were 
prepared (Sangon, Shanghai, China) as follows: ZXF1-
forward: 5’-GCCUGGUGGUAAAUAUGAATT-3’ and 
ZXF1-reverse: 5’-UUCAUAUUUACCACCAGGCTT-3’; 
GRB2-forward: 5’-ATTCCTGCGGGACATAGAACA-3’ 
and GRB2-reverse: 5’-GGTGACATAATTGCGGG-
GAAAC-3’; GAPDH-forward: 5’-AGACACCATGGG-
GAAGGTGAA-3’ and GAPDH-reverse: 5’-ATTGCT-
GATGATCTTGAGGCTG-3’. 2−ΔΔCTformula was em-
ployed to calculate the relative mRNA expression levels.

Cell proliferation assay. Cell proliferation was 
measured with CCK-8 assay according to the standard 
protocol. CCK-8 was purchased from Dojindo Chemi-
cal Reagent Company (Japan). 4×103 CALU3, SPC-A1, 
NCIH1573 and A549 cells were separately seeded in 
each well in 96-well plates. After incubated for 2 h, a 
volume of 20 μL CCK-8 was added to each well and 
incubated for 1 h at 37°C. Viable cells were counted by 
measuring the OD (optical density) value at the wave-
length of 450 nm using a microplate reader. All experi-
ments were repeated 3 times and average results were 
used to draw the growth curves.

Cell cycle assay. Flow cytometry was performed for 
cell cycle analysis. Transfected cells (CALU3, SPC-A1, 
NCIH1573 and A549) were separately plated into 6-well 
plates at the density of 8×104 cells per well. After 48 h 
of incubation, the cells were harvested and resuspended 
in 500 μL of buffer and then stained with PI for 30 min. 
Finally, dead CALU3, SPC-A1, NCIH1573 and A549 
cells thatstained by PI were analyzed. Cell cycle was an-
alyzed using FACScan flow cytometer (Becton Dickin-
son). The cell cycle phases distribution was analyzed by 
ModFit LT software.

Western blot. RIPA Buffer (9800, Cell Signaling, 
Danvers, MA) was used to lyse and extract total pro-
teins. After centrifugation, 12.5% SDS-PAGE was used 
to separate the proteins. Subsequently, protein samples 
were transferred to the polyvinylidene fluoride (PVDF) 
membranes and blocked with 5% milk for 1 h at 37°C. 
Next, the PVDF membranes were incubated with an-
tibodies against GRB2, GAPDH, CyclinD1, and p21 
(Santa Cruz Biotechnology, USA) at 37°C for 2 h. Then, 
the PVDF membranes were washed and incubated with 
HRP-conjugated secondary antibodies for 1 h at room 
temperature. ECL detection reagents from Amersham 
Pharmacia Biotech (Tokyo, Japan) were used to detect 
the immunocomplexes. 

Dual-luciferase reporter assay. To confirm the mo-
lecular interactions between ZXF1 and miR-634, as well 
as miR-634 and GRB2, luciferase reporter assays were 
performed in HEK-293 cells. The pmirGLO-ZXF1 wild 
type (ZXF1-wt) and pmirGLO-ZXF1 mutant (ZXF1-
mut), as well as pmirGLO-GRB2 wild type (GRB2-wt) 
and pmirGLO-GRB2 mutant (GRB2-mut), were de-
signed and ordered from Sangon (Shanghai, China). 
1.5×105 of HEK-293 cells were seeded into each well 
of 12-well plates. Then, 30 nM miR-634 mimic or miR-
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NC was co-transfected with 300 ng DNA (ZXF1-wt or 
ZXF1-mut as well as GRB2-wt and GRB2-mut) into 
HEK-293 cells using transfection reagent Lipofectamine 
2000 (Invitrogen) in accordance with the manufacturer’s 
instructions. 24 h after the transfection, the relative lu-
ciferase activity was assessed using Dual-Luciferase Re-
porter Assay System (Promega, Madison, WI, USA).

RNA immunoprecipitation (RIP). RNA immu-
noprecipitation (RIP) assay was performed with Magna 
RNA-binding protein immunoprecipitation kit (Millipore) 
according to the manufacturer’s instructions. Briefly, the 
cell lysates of CALU3 and A549 cells were collected and 
incubated in RIP buffer containing magnetic beads con-
jugated to human anti-IgG antibody or anti-Ago2 anti-
body. Samples were incubated with Proteinase K and 
then immunoprecipitated RNA was isolated. In addition, 
the purified RNAs were extracted and analyzed by qRT-
PCR to demonstrate the presence of the binding targets. 
Anti-IgG antibody group denotes the negative control 
with IgG antibody. Anti-Ago2 antibody group denotes 
the experimental group with Ago2 antibody. 

In vivo Balb/c nude mice xenograft model. 
4-week-old Balb/c nude mice (male) were purchased 
from Shanghai Experimental Animal Center (Shanghai, 
China). Next, 1×107 A549 cells in 0.2 mL PBS buffer 
were subcutaneously injected into each mouse to con-
struct the Balb/c nude mice xenograft model. Then, the 
mice were injected intraperitoneally with sh-ZXF1 (equal 
to si-ZXF1) or sh-NC (equal to si-NC). After success-
fully obtaining a stable mouse model, the tumor size and 
volume [volume (mm3)=width2 (mm2)×length (mm)÷2] 
were measured every 3 days. Finally, after 24 days, the 
mice were sacrificed, and LA tumor tissues were isolated 

and used for further studies. This experiment was ap-
proved by the Ethics Committee of Renmin Hospital of 
Wuhan University.

Statistical analysis. All of the experiments performed 
in this project were repeated 3 times and the average 
values were shown. SPSS 19.0 statistical software was 
used to analyze the data and means ± S.D. (standard de-
viation) were presented. The difference between the two 
groups was tested by independent sample t-test as well 
as Pearson’s correlation coefficient analysis. A value of 
p<0.05 denotes statistically significant difference. *in-
dicates p<0.05, **indicates p<0.01 and ##also indicates 
p<0.01.

RESULTS

ZXFI is upregulated in LA patients

To identify the correlations between ZXF1 and the 
pathogenesis of LA as well as patient survival, qRT-PCR 
and in situ hybridization (ISH) were used to analyze the 
expression of ZXF1 in isolated lung tumor tissues and 
adjacent normal tissues from 60 LA patients. Our data 
showed that when compared with the adjacent tissues, 
the expression of ZXF1 was significantly upregulated in 
the tumor tissues (Fig. 1A, p<0.01). In addition, LA cells 
had larger volume and different morphology and differ-
ent nucleus to cytoplasm ratio compared with the nor-
mal cells (Fig. 1B). Subsequently, we analyzed the data 
using Kaplan-Meier plotter software and found that pa-
tients with low ZXF1 expression displayed higher sur-
vival rates, indicating that ZXF1 might serve as a tumor 

Figure 1. ZXF1 lncRNA was upregulated in lung adenocarcinoma tissues. 
(A) The expression difference of ZXF1 in tumor tissues and normal tissues in 60 patients was analyzed by qRT-PCR. (B) ISH analysis of tu-
mor tissues and matched adjacent normal tissues. (C) The overall survival analysis of ZXF1 expression in LA patients. (D) qRT-PCR analy-
sis of the expression difference of ZXF1 in normal lung epithelial cell line (BEAS-2B) and four lung adenocarcinoma cell lines (CALU3, 
SPC-A1, NCIH1573 and A549). Results are presented as mean ± S.D. p values lower than 0.05 indicated statistical significance. *Indicates 
p<0.05, **indicates p<0.01. 
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promoter for patients with LA (Fig. 1C). We further 
evaluated the expression difference of ZXF1 in normal 
lung epithelial cell line (BEAS-2B) and four LA cell lines 
(CALU3, SPC-A1, NCIH1573 and A549) by qRT-PCR. 
Consistently with the results in tumor tissues, we found 
that the expression level of ZXF1 in normal lung epithe-
lial cells was significantly lower than that in LA cell lines 
including CALU3, SPC-A1, NCIH1573 and A549 cells 
(Fig. 1D).

Knockdown of ZXF1 suppresses LA cell  
proliferation in vitro

To investigate the effect of ZXF1 on cell prolifera-
tion, we transfected CALU3 cells with pcDNA3.1/ZXF1 
plasmid and A549 cells with si-NC or si-ZXF1 (1#, 2#). 
CALU3 cells transfected with pcDNA3.1/ZXF1 plas-
mid (ZXF1) displayed higher expression of ZXF1. We 
tested two si-ZXF1 and found that both lowered the 
expression of ZXF1 in A549 cells. Since si-ZXF1 (2#) 
induced stronger reduction of ZXF1, we renamed it as 
si-ZXF1 and used it in the further experiments. CCK-
8 assay indicated that compared to control group, the 
cell proliferation rate in ZXF1-transfected CALU3 cells 
increased significantly (p<0.05). On the other hand, the 
proliferation of si-ZXF1-transfected A549 cells was sig-
nificantly inhibited (p<0.01) (Fig. 2B). Therefore, it in-
dicates that ZXF1 promotes cell proliferation in LA. 

In addition, the effects of ZXF1 on the cell cycle were 
determined by flow cytometry analysis. Intriguingly, we 
found that ZXF1 overexpression led to an increase in 
the percentage of S phase and G2 phase and a decrease 
in the percentage of G1 phase in CALU3 cells. On the 
contrary, ZXF1 knock-down arrested A549 cells in G1 
phase (Fig. 2C). This phenomenon showed that ZXF1 
promotes cell proliferation, in accordance with the CCK-
8 assay results. Finally, we performed western blot to 
detect the protein levels of cell cycle regulatory protein 
Cyclin D1 and cyclin-dependent kinase inhibitor p21 in 
siRNA-transfected LA cells. The data demonstrated sig-
nificant promotion of cell cycle by ZXF1 overexpression 
in vitro (Fig. 2D). Taken together, our results indicate 
that ZXF1 inhibition could suppress LA cells prolifera-
tion by arresting the cells in G1 phase of the cell cycle.

ZXF1 directly interacts with miR-634 in LA cells 

Substantial evidence proved that lncRNAs work as a 
molecular sponge or a competing endogenous RNA to 
modulate miRNAs and thus functionally liberate other 
RNA transcripts. By predicting the potential miRNA 
binding sites in ZXF1 with bioinformatics software 
miRDB, we revealed that miR-634 may form comple-
mentary base pairing with ZXF1 (Fig. 3A). MiR-634 
expression was increased significantly in miR-634 mimic-
transfected HEK-293 cells (Fig. 3B). In addition, the re-

Figure 2. Inhibition of ZXF1 could suppress cell proliferation and promote apoptosis of lung adenocarcinoma cells in vitro. 
(A) The mRNA expression levels of ZXF1 in CALU3 cells transfected with pcDNA3.1/ZXF1 as well as A549 cells transfected with si-NC or 
si-ZXF1 (1#, 2#) were quantified using qRT-PCR. (B) The cell proliferation of siRNA-transfected lung adenocarcinoma cells after 1, 2, 3 and 
4 days were evaluated using CCK-8 assay. (C) The cell cycle phases distribution in siRNA-transfected lung adenocarcinoma cells were 
determined by flow cytometry analysis. (D) The protein expression levels of cell cycle regulatory protein Cyclin D1 and cyclin-dependent 
kinase inhibitor p21 in siRNA-transfected lung adenocarcinoma cells were analyzed by Western Blot. Dip denotes Diploid. Results are pre-
sented as mean ± S.D. p values lower than 0.05 indicated statistical significance. *Indicates p<0.05, **indicates p<0.01. 
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sults of luciferase reporter assays showed that miR-634 
mimic significantly decreased the luciferase activity of 
wild type ZXF1 (ZXF1-wt), but not that of mutant type 
ZXF1 (ZXF1-mut) in HEK-293 cells. Thus, we believe 
that ZXF1-wt directly interacted with miR-634 (Fig. 3C). 
In order to identify whether ZXF1 and miR-643 were in 
the same RNA induced silencing complex (RISC), RNA 
immunoprecipitation (RIP) assay was performed both in 
CALU3 cells and A549 cells. Intriguingly, the data indi-
cated that both ZXF1 and miR-643 were enriched in the 
anti-Ago2 group in comparison to the anti-IgG group 
(Fig. 3D). Finally, the expression of miR-634 in pcD-
NA3.1/ZXF1 (ZXF1)-transfected CALU3 cells as well 
as A549 cells transfected with si-NC or si-ZXF1 was 
evaluated by qRT-PCR. The results showed that overex-
pressing ZXF1 reduced miR-634 expression in CALU3 
cells whereas knocking down ZXF1 upregulated miR-
634 in A549 cells (Fig. 3E). Therefore, the above results 
demonstrated that ZXF1 directly targets miR-634 in LA 
cells in vitro.

ZXF1 upregulates GRB2 expression by sponging  
miR-634 in vitro

Using bioinformatics software TargetScan we iden-
tified GRB2 as a downstream target gene of miR-634 
(Fig. 4A). Luciferase reporter assays revealed that miR-
634 mimic significantly decreased the luciferase activity of 
wild type GRB2 (GRB2-wt), but not that of mutant type 
GRB2 (GRB2-mut) in HEK-293 cells (Fig. 4B). Thus, 
we believe that GRB2-wt directly interacts with miR-634. 
We then performed qRT-PCR to confirm the suppres-
sive effect of miR-634 inhibitor (miR-634 inh) on the 
expression of miR-634 in CALU3 cells (Fig. 4C). Fur-
thermore, Western Blot was used to examine the protein 
level of GRB2 in miR-634 mimic-transfected A549 cells 
and NC inhibitor (NC-inh)-/miR-634 inhibitor (miR-
634-inh)-transfected CALU3 cells (Fig. 4D). The results 

showed that overexpression of miR-634 downregulated 
GRB2 in A549 cells whereas knockdown of miR-634 
upregulated GRB2 in GLU3 cells. To investigate how 
ZXF1 and miR-634 regulate the expression of GRB2, 
we used Western Blot and detected GRB2 in A549 cells 
transfected with si-ZXF1 alone or co-transfected with 
si-ZXF1 and miR-634 inhibitor. The data indicated that 
si-ZXF1 transfection could inhibit expression of GRB2. 
In addition, the inhibition was reversed by adding miR-
634 inhibitor (Fig. 4E). These results demonstrated that 
ZXF1could act as a sponge for miR-634 to upregulate 
the expression of GRB2 in vitro.

ZXF1 increases LA cell survival by promoting GRB2 
expression

Accumulating evidence suggests that both ZXF1 and 
GRB2 function as important promotors of cancer initia-
tion and progression. To investigate whether ZXF1 af-
fected cell survival via GRB2 in LA cells, we transfected 
A549 cells with si-ZXF1-/GRB2 plasmid. qRT-CPR 
and Western Blot demonstrated that both the mRNA 
and protein level of GRB2 were significantly increased 
in GRB2 plasmid-transfected A549 cells (Fig. 5A, 5B). 
CCK-8 assay indicated that the cell proliferation rate in 
si-ZXF1-transfected A549 cells decreased significantly. 
However, after co-transfection of both GRB2 plasmid 
and si-ZXF1, the result was reversed (p<0.05) (Fig. 5C). 
In addition, the cell cycle was analyzed by flow cytom-
etry. Remarkably, we found that knockdown of ZXF1 
arrested A549 cells in G1 phase and overexpression of 
GRB2 in si-ZXF1 knockdown background resulted in an 
increase in the percentage of S phase and G2 phase, and 
a decrease in the percentage of G1 phase cells (Fig. 5D). 
This phenomenon showed that both ZXF1 and GRB2 
could promote cell proliferation in LA, which is in ac-
cordance with the CCK-8 assay. Subsequently, we used 
Western Blot to analyze protein levels of Cyclin D1 and 

Figure 3. ZXF1 directly interacted with miR-634. 
(A) The sequences of miR-634 binding sites complemented with ZXF1 3’-UTR (154-161). ZXF1-wt represents the entire 3’UTR sequences 
of wild type ZXF1, ZXF1-mut represents the mutated binding sites. (B) The mRNA expression of miR-634 in miR-634 mimic-transfected 
HEK-293 cells. (C) The binding affinity of miR-634 to ZXF1-wt or its mutant detected with luciferase reporter assay in HEK-293 cells. (D) 
The expression levels of ZXF1 and miR-634 were elevated in Ago2 immunoprecipitates in comparison to control IgG immunoprecipitates. 
(E) The expression of miR-634 in pcDNA3.1/ZXF1-transfected CALU3 cells as well as si-NC- / si-ZXF1-transfected A549 cells detected by 
qRT-PCR. Results are presented as mean ± S.D. p values lower than 0.05 indicated statistical significance. *Indicates p<0.05, **indicates 
p<0.01.
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p21 in si-ZXF1-transfected LA cells. The data demon-
strated that inhibition of ZXF1 resulted in a downreg-
ulation of Cyclin D1 and upregulation of p21. Moreo-
ver, co-transfection with GRB2 plasmid reversed the 
trend (Fig. 5E). This result indicated that overexpressing 
GRB2 could promote cell proliferation. Taken together, 
we found that ZXF1 increases LA cell proliferation by 
promoting GRB2 expression. 

ZXF1 promotes tumor growth of LA in vivo

The above experiments explored the effect of ZXF1 
on the proliferation of LA cells in vitro. Next, we tried 
to explore the in vivo function of ZXF1 on tumor pro-
liferation using the Balb/c nude mice xenograft model. 
Figure 6A presents the photographs of tumors isolated 
24 days after inoculation of stably transfected A549 cells 
into nude mice. The tumor size and volume were meas-
ured by caliper every 3 days (Fig. 6B). After 24 days the 
mice were sacrificed. The tumor weight was measured 
using analytical balance after 24 days (Fig. 6C). The re-
sults showed that the tumor size, weight and volume of 
sh-ZXF1-transfected xenograft tumor were decreased 
significantly in comparison to sh-NC-transfected xeno-
graft tumor (control mice), indicating that ZXF1 inhibi-
tion enables inhibition of tumor growth in LA. Then, 
qRT-PCR was used to detect mRNA expression of 
ZXF1, miR-634 and GRB2 in sh-ZXF1-transfected and 
control mice. We found that sh-ZXF1 stably transfect-
ed xenograft tumor displayed a significantly downregu-
lated expression of ZXF1 and GRB2 and upregulated 
miR-634 (Fig. 6D). Additionally, immunohistochemical 
staining analysis showed that isolated LA tumor tissues 

from nude mice with sh-ZXF1-transfected xenograft 
tumor implanted displayed lower expression of Ki-67 
and GRB2 when compared to the control mice. This 
result strongly supported the finding that ZXF1 inhibi-
tion could suppress the tumor cell proliferation in vivo 
(Fig. 6E). Taken together, the in vivo studies demonstrat-
ed that ZXF1 knockdown could inhibit the tumor cell 
proliferation by targeting miR-634-GRB2 in vivo.

DISCUSSION

LA is one of the most serious malignant tumors with 
high recurrence and mortality rate. Despite great pro-
gress in traditional therapies, the overall five-year surviv-
al rate of patients with LA still remains unsatisfying (Qin 
et al., 2018). Therefore, to treat LA more efficiently and 
effectively, novel biomarkers and therapeutic methods 
need to be developed. Up to now, mounting evidence 
has been found that lncRNAs play important roles in 
the initiation and progression of LA,  including lncRNA 
RGMB-AS1 (Li et al., 2016), lncRNA HOTAIR (Liu et 
al., 2013) and lncRNA CCAT2 (Qiu et al., 2014). Recent-
ly, Zhang et al found that overexpressed lncRNAZXF1 
was associated with advanced tumor progression and 
poor prognosis in patients with LA. In addition, inhibi-
tion of ZXF1 decreased tumor cell proliferation (Zhang 
et al., 2014). ZXF1 might thus function in tumorigenesis 
and act as an important biomarker in LA progression. 
However, the molecular and biological functions as well 
as the targets of ZXF1 in the pathogenesis of LA are 
still not well investigated. 

Figure 4. ZXF1 upregulated GRB2 expression by targeting miR-634 in vitro. 
(A) The sequences of miR-634 binding sites complemented with GRB2 3’-UTR (362-368). GRB2-wt represented the entire 3’UTR sequences 
of wild type GRB2, GRB2-mut represented the mutated binding sites. (B) The binding affinity of miR-634 to GRB2-wt or its mutant were 
detected with luciferase reporter assay in HEK-293 cells. (C) The mRNA expression of miR-634 in miR-634 inhibitor-transfected CALU3 
cells. (D) Western Blot was performed to detect the protein expression of GRB2 in miR-634 mimic-transfected A549 cells as well as NC 
inhibitor (NC-inh)-/miR-634 inhibitor(miR-634-inh)-transfected CALU3 cells. (E) The protein expression of GRB2 in A549 cells after trans-
fection with si-ZXF1 or miR-634 inhibitor. Results are presented as mean ± S.D. p values lower than 0.05 indicated statistical significance. 
*Indicates p<0.05, **indicates p<0.01.
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In this study, qRT-PCR assay showed that the expres-
sion level of ZXF1 was lower in tumor tissues from LA 
patients and related cancer cells. Moreover, survival rates 
analysis indicated that low-expression of ZXF1 could 
positively extend the survival time of patients with LA. 
We thus believe that ZXF1 might serve as an important 
biomarker for clinical diagnosis. Subsequently, the pro-
liferation of LA cells (CALU3 and A549) was indepen-
dently assessed by CCK-8 assay, flow cytometry analysis 
and Western Blot method. Taken together these in vitro 
results, we found that knockdown of ZXF1 inhibited 
LA cells growth and arrested the cell cycle in G1 phase. 
Besides, Western Blot assay indicated that inhibition of 
ZXF1 expression could increase p21 protein expres-
sion and decrease Cyclin D1 protein expression, which 
strongly suggests that ZXF1 serves as a cell cycle accel-
erator. Therefore, these data supported the hypothesis 
that ZXF1 promotes LA progression. 

Many studies reported that lncRNAs serve as com-
peting endogenous RNAs (ceRNAs), which could func-
tion as transcript sponges and inhibit miRNAs to at-
tenuate their suppressive effect on target genes (Zhang 
et al., 2016). For example, lncRNA SNHG5 upregulated 
the expression of KLF4 by targeting miR-32 and pro-
moted proliferation of gastric cancer cells (Zhao et al., 
2017). A novel ceRNA, lncRNA HNF1A-AS1 mediates 
the inhibition of miR-34a-SIRT1-p53 axis to accelerate 
the progression of colon cancer (Fang et al., 2017). How-
ever, whether ZXF1 affects LA progression by regulat-

ing miRNAs has not yet been studied. In this study, 
bioinformatics prediction and luciferase reporter assay 
revealed that miR-634 could directly bind to ZXF1 and 
act as an inhibitory target of ZXF1. In addition, RIP 
assay indicated that ZXF1 and miR-643 were higher in 
Anti-Ago2 group than that in Anti-IgG group. Further-
more, qRT-PCR assay showed that the mRNA expres-
sion of miR-634 was inhibited by ZXF1 overexpression 
in CALU3 cells. Conversely, knockdown of ZXF1 in-
creased the miR-634 expression in A549 cells. We thus 
believe that miR-634 in LA cells is directly regulated by 
ZXF1.

GRB2, an important tumor metastasis regulatory pro-
tein, is involved in cell proliferation, cell motility, and 
contributes to cell cycle misregulation (Giubellino et al., 
2008). Recently, mounting evidence showed that GRB2 
acts as cancer-promoting gene in tumor initiation and 
progression of breast cancer, gastric cancer and lung can-
cer (Daly et al., 2002; Brown et al., 2008; Xu et al., 2011). 
It was also reported that GRB2 could act as a direct tar-
get of miR-634 and their interaction results in the sup-
pression of growth and metastasis of ovarian cancer (van 
Jaarsveld et al., 2015). Thus, we verified whether ZXF1 
regulates LA progression by affecting miR-634/GRB2 
axis. Our data showed that ZXF1 positively regulated 
miR-634 expression in LA cells and ZXF1 modulated 
GRB2 expression by targeting miR-634 in vitro. Further-
more, we found that GRB2 was upregulated in LA cells 
and positively associated with the expression of ZXF1. 

Figure 5. ZXF1 increased cell survival by promoting GRB2 expression. 
(A) The mRNA expression of GRB2 in A549 cells after transfection with GRB2 plasmid determined by qRT-CPR. (B) The protein level of 
GRB2 in A549 cells after transfection with GRB2 plasmid determined by Western Blot. (C) The cell proliferation of A549 cells transfected 
with GRB2 plasmid and/or si-ZXF1 determined by CKK-8 assay. (D) The cell cycle phases distribution in GRB2 plasmid- and/or si-ZXF1-
transfected A549 cells was determined by flow cytometry analysis. (E) The protein levelsof CyclinD1 and p21 in GRB2 plasmid- and/or 
si-ZXF1-transfected A549 cells were detected by Western Blot. Dip denotes Diploid. Results are presented as mean ± S.D. p values lower 
than 0.05 indicated statistical significance. *Indicates p<0.05, ** indicates p<0.01.
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Taken together, our data strongly demonstrated that 
ZXF1 promotes proliferation of LA cells by functioning 
as miR-634 sponge which indicates a novel ZXF1-miR-
634-GRB2 signaling pathway regulatory network in LA.

Specifically, this study showed that ZXF1 downregu-
lates the expression of miR-634 and increases cell pro-
liferation by upregulation of GRB2 expression. The mo-
lecular mechanism of ZXF1/miR-634/GRB2 axis in LA 
might provide a foundation for identifying new biomark-
ers for LA and new therapeutic targets for LA treatment.
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