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Abstract: Long non-coding RNAs (lncRNAs) ferritin heavy chain 1 pseudogene 3 (FTH1P3) has been suggested to act 
as an oncogene in many types of human malignancy, but its role in non-small cell lung carcinoma (NSCLC) remains 
unknown. This study aimed to characterize the biologic functions of FTH1P3 in NSCLC and illuminate its clinical sig-
nificance. The expression levels of FTH1P3 in NSCLC tissues and cell lines were detected by quantitative real‑time 
PCR assay. The relationship of FTH1P3 expression with clinicopathologic features was evaluated by chi‑square 
test, and its correlation with prognosis of NSCLC patients was analyzed by Kaplan-Meier method with log-rank test. 
Wound healing and transwell invasion assays were applied to evaluate cell migration and invasion abilities, respec-
tively. Western blotwas performed to detect the changes of epithelial-mesenchymal transition (EMT) related protein 
expression. The results showed that FTH1P3 was highly expressed in NSCLC tumor tissues and NSCLC-derived cell 
lines, and high expression of FTH1P3 was associated with advanced TNM stage and lymph node metastasis. NSCLC 
patients with high FTH1P3 expression had a poor overall survival relative to patients with low FTH1P3 expression. 
Through loss-of-function studies, FTH1P3 inhibition was demonstrated to suppress NSCLC cell migration and inva-
sion in vitro. Notably, FTH1P3 knockdown could decrease expression of N-cadherin, vimentin and Snail protein of 
NSCLC cells, but promote E-cadherin protein expression, which was in accordance with its effect on cell migration 
and invasion. To sum up, our data demonstrated that FTH1P3 predicts a poor prognosis and promotes metastasis 
and aggressiveness in NSCLC by inducing EMT, suggesting FTH1P3 may be a promising target for gene therapy of 
NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-
related mortality worldwide in spite of encour-
aging advances in diagnosis and treatment [1, 
2]. Lung cancer is classified into small cell lung 
carcinoma (SCLC) and non-small cell lung carci-
noma (NSCLC), and NSCLC accounts for about 
85% of lung cancer. The majority of NSCLC 
patients are diagnosed at advanced stages, 
and the overall five‑year survival rate is still as 
low as 15% due to tumor relapse and distant 
metastasis [3, 4]. Currently, scientists are com-
mitted to study on the development of molecu-
lar targets for NSCLC, and some targeted thera-

pies have been revealed to be promising in 
clinical practice [5]. However, the therapeutic 
outcomes are still far from optimal. Hence, 
there is an urgent need to identify the molecu-
lar mechanisms of NSCLC progression and to 
develop innovative therapeutic strategies.

Long non-coding RNAs (lncRNAs) are generally 
a large group of non-coding RNA transcripts 
more than 200 nucleotides without evident pro-
tein coding functions [6, 7]. Up to now, thou-
sands of lncRNAs have been identified by virtue 
of chromatin signature analysis and large scale 
sequencing. These lncRNAs are involved in a 
wide range of biological processes by regulat-
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ing gene activation and inactivation at tran-
scriptional or post-transcriptional levels [8, 9]. 
Many studies have demonstrated that the ecto-
pic expression of lncRNAs contributed to tumor-
igenesis and tumor progression of human 
malignancies by regulating cell growth, autoph-
agy, metastasis, and invasion [10, 11]. For 
example, lncRNA HMMR-AS1 promotes prolif-
eration and metastasis of lung adenocarcino-
ma by regulating the miR-138/sirt6 axis [12]. 
LncRNA LINC01354 interacting with hnRNP-D 
contributes to growth and metastasis in co- 
lorectal cancer through activating the Wnt/β‑
catenin signaling pathway [13]. LncRNA DLEU1 
promotes cell growth, invasion, and confers cis-
platin resistance in bladder cancer by regulat-
ing the miR-99b/HS3ST3B1 axis [14]. There- 
fore, the characterization of lncRNAs functions 
and their clinical significance in NSCLC progres-
sion is crucial to develop a possible biomarker 
and therapy target for NSCLC.

Ferritin heavy chain 1 pseudogene 3 (FTH1P3), 
a novel tumor-associated lncRNA, is transc- 
ribed from a genomic region of human chromo-
some 2p23.3. FTH1P3 has been identified as 
an oncogene in oral squamous cell carcinoma 
[15], uveal melanoma [16], esophageal squa-
mous cell carcinoma [17], and glioma [18]. 
Although these studies reported the effects of 
FTH1P3 in different types of human cancer, the 
biologic functions of FTH1P3 in NSCLC remain 
poorly understood. Herein, we first focused on 
FTH1P3 expression patterns in NSCLC tissues 
and cell lines as compared to that in normal tis-
sues and cell lines. Clinical correlation revealed 
that high expression of FTH1P3 was associated 
with advanced TNM stage, lymph node metas-
tasis, and poor prognosis. Finally, cellular func-
tional experiments showed that FTH1P3 pro-
moted NSCLC cell migration and invasion by 
inducing epithelial-mesenchymal transition 
(EMT). Collectively, our findings may provide 
better understanding about the biologic role of 
FTH1P3 in NSCLC metastasis and aggressive- 
ness.

Material and methods

Patients and tissue collection 

The current study was approved by the Ethic 
Committee of Shenzhen Longhua District Cen- 
tral Hospital. Signed informed consents were 

obtained from all patients. From January 2012 
to December 2016, a total of 60 pairs of NSCLC 
tumor tissues and matched normal tissues 
were collected from patients who underwent 
lung resection at Shenzhen Longhua District 
Central Hospital, including 33 males and 27 
females. The included patients were aged be- 
tween 19 to 76 years, with mean age of 48.14 
± 6.87 years. Patients did not receive any radio-
therapy or chemotherapy prior to surgery. The 
tumor tissues and matched normal tissues 
were confirmed by at least three experienced 
pathologists. The clinicopathologic features of 
patients were collected and analyzed. Spe- 
cimens were rapidly frozen in liquid nitrogen 
and immediately transferred to a -80°C freezer 
immediately for subsequent experiments. In 
this study, the 5-year overall survival time (OS) 
was defined as the interval between the surgi-
cal lung resection date and the end date of fol-
low-up or the date of death owing to recurrence 
of NSCLC and its associated complications.

Cell lines and cell culture

Human lung epithelial cell line (BEAS-2B), hu- 
man bronchial epithelial cell line (HBE) and 
three NSCLC cell lines (A549, H596, and 
SPCA1) were purchased from Shanghai Cell 
Bank, Chinese Academy of Sciences (Shanghai, 
China). The cells were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM; Gibco, NY, 
USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, NY, USA), 100 U/mL penicil-
lin, and 100 μg/mL streptomycin. The cells 
were maintained a humidified incubator at 
37°C in a CO2 humidified atmosphere.

Western blotting

Total protein extracted from NSCLC cells by 
using lysis buffer supplemented with protein 
inhibitor and 100 μg/ml PMSF (Beyotime Bio‑ 
technology, Shanghai, China). The same am- 
ount of 30 µg protein was separated by 8% 
SDS‑PAGE gel and transferred to polyvinyli-
dence difluoride (PVDF) membranes (Millipore, 
MA, USA). After blocking with 5% (w/v) skim 
milk in Tris-buffered saline with Tween-20 
(TBST), the membranes were incubated at 4°C 
overnight with primary antibodies: N-cadherin 
(#4061S, 1:1000; Cell Signaling Technology, 
MA, USA), E-cadherin (#14472S, 1:2000; Cell 
Signaling Technology), vimentin (#5741S, 1: 
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1000; Cell Signaling Technology), Snail (# 
3879S, 1:500; Cell Signaling Technology), and 
GAPDH (#ab181602, 1:5000; Abcam, CA, 
USA). After being rinsed with TBST, proteins 
were then detected by enhanced chemilumi-
nescence system (ECL) reagent (Millipore, MA, 
USA) after incubation with secondary antibod-
ies for 1 h at room temperature.

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

The total RNA was extracted from the NSCLC 
tissues and cells with the help of a RNAeasy™ 
Animal RNA Isolation Kit with Spin Column 
(Beyotime Biotechnology, Shanghai, China). To 
reverse transcribe the cDNA, a PrimeScript™ 
RT reagent Kit (Takara, Beijing, China) was 
applied by using 1 μg of the extracted RNA. The 
cDNA was then used as a template for qRT‑PCR 
assay with the help of a TB Green Premix Ex Taq 
(Takara, Beijing, China), according to the manu-
facturer’s instructions. The specific primer 
sequences were synthesized by Sangon Bio‑ 
logical Engineering Technology and Service 
(Shanghai, China). The sequences of primers 
were as followed: FTH1P3, forward 5’-TCCATTT- 
ACCTGTGCGTGGC‑3’ and reverse 5’‑GAAGG‑ 
AAGATTCGGCCACCT‑3’; GAPDH, forward 5’‑GA‑ 
AGGTGAAGGTCGGAGTC‑3’, reverse 5’‑GAAGA‑ 
TGGTGATGGGATTTC‑3’. GAPDH served as an 
endogenous control to normalize FTH1P3 ex- 
pression. The relative expression of FTH1P3 
was calculated using the 2‑ΔΔCq method [19].

Plasmid construction and cell transfection

Recombinant lentiviral vectors expressing 
short hairpin RNA (shRNA) targeting FTH1P3 
(shRNA-FTH1P3) and negative control shRNA 
(shRNA-NC) were purchased from Cyagen 
Biosciences Inc. (Suzhou, China). The shRNA-
FTH1P3 and shRNA‑NC were cloned into pCMV‑
VSVG vector to produce recombinant plasmids. 
The recombinant plasmids were then transfect-
ed into 293T cells and generated self-inactivat-
ing VSV‑G pseudotyped lentivirus. Nest, higher 
purity virus particles were obtained by sucrose 
ultracentrifugation. For cell transfection, A549 
and H596 cells were transfected with shRNA-
FTH1P3 and shRNA-NC lentivirus by using 
Lipofectamine 2000 (Invitrogen, CA, USA), ac- 
cording to the manufacturer’s instructions. 
Subsequently, the cells were collected 48 h 

after the transfection and used for further stu- 
dies.

Wound healing assay

1 × 106 transfected cells were seeded in 6-well 
plates and grown overnight until reached 100% 
confluence. Then, three linear wounds in the 
cellular monolayer were created by scraping the 
confluent cell monolayer with a 100‑μl sterile 
pipette tip. The suspended cells were washed 
with PBS twice and grown in DMEM medium 
without FBS for 24 h. The migration of cells was 
observed at 0 and 24 h after wounding and 
then imaged under a phase contrast micro-
scope (Olympus, Tokyo, Japan). The migrating 
distance of cells was calculated in five random 
fields by ImageJ software (National Institutes of 
Health, MD, USA).

Transwell invasion assay

The prepared Matrigel was dissolved in the api-
cal chamber of an incubator. Next, 200 μl 
DMEM medium free of serum was added into 
the chamber. After 24-h transfection, the trans-
fected cells were detached by trypsin, centri-
fuged, and resuspended in the apical chamber 
to a density of 5 × 104 cells/200 μl. The baso-
lateral chamber was added with 500 μl DMEM 
medium containing 10% FBS as chemotactic 
factor. After being cultured for 24 h, the cells 
that did not move through the Matrigel on the 
apical chamber were removed using cotton sliv-
ers. The invasive cells were fixed with 70% etha-
nol for 40 min at 37°C, and stained with 0.1% 
crystal violet (Sigma-Aldrich, MO, USA) for 10 
min at 37°C. Stained cells were counted in five 
randomly selected fields under an IX50 invert-
ed microscope (Olympus, Tokyo, Japan).

Statistical analysis 

Data are presented as mean ± standard devia-
tion (SD). All statistical analyses were analyzed 
by the SPSS 17.0 software (SPSS, Chicago, IL, 
USA) and from at least three independent 
experiments. Comparison between two groups 
was analyzed by Student’s t-test. Differences 
between the groups were analyzed with a one-
way analysis of variance (ANOVA) followed by 
Dunnett’s test. Correlations of FTH1P3 expres-
sion and clinicopathologic characters of NSCLC 
patients were evaluated by chi‑square test. 
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Kaplan-Meier method and log-rank test were 
applied to survival analysis. P value < 0.05 was 
considered significant.

Results

FTH1P3 is upregulated in NSCLC tumor tissues 
and NSCLC-derived cell lines

To investigate the relationship between FTH1P3 
and NSCLC development, we identified the 
expression levels of FTH1P3 in 60 pairs of 
NSCLC tumor tissues and matched normal tis-
sues by qRT‑PCR. As shown in Figure 1A, the 
levels of FTH1P3 were significantly upregulated 

in NSCLC tumor tissues compared with match- 
ed normal tissues (P < 0.05). The expression 
levels of FTH1P3 expression in metastatic 
lymph node specimens were strikingly elevated 
in comparison to primary non-metastatic lymph 
node specimens (Figure 1B, P < 0.05). Fur- 
thermore, expression of FTH1P3 also was 
detected in NSCLC-derived cell lines. All three 
NSCLC cell lines had higher FTH1P3 expression 
than the normal BEAS-2B and HBE cell lines; 
and of these, A549 and H596 cells had higher 
FTH1P3 expression than SPCA1 cells (Figure 
2A, P < 0.05), so A549 and H596 cells were 
selected for subsequent study.

Figure 1. FTH1P3 is upregulated in NSCLC tumor tissues an NSCLC‑derived cell lines. A. qRT‑PCR analysis of FTH1P3 
expression in NSCLC tumor tissues and matched normal tissues from 60 patients. GAPDH was used as an internal 
control, n = 3. B. Metastatic NSCLC tumors had higher FTH1P3 expression levels compared with those of nonmeta-
static NSCLC tumors (n = 3). *P < 0.05 vs control. FTH1P3: ferritin heavy chain 1 pseudogene 3; NSCLC: non-small 
cell lung carcinoma; qRT‑PCR: quantitative real‑time PCR.

Figure 2. Increased expression of FTH1P3 is associated with poor prognosis in NSCLC patients. A. qRT‑PCR analysis 
of FTH1P3 expression in three NSCLC cell lines (A549, H596, and SPCA1), human lung epithelial cell line (BEAS-
2B), and human bronchial epithelial cell line (HBE). B. Kaplan-Meier survival analysis showing correlation between 
FTH1P3 expression levels and overall survival rate of patients with NSCLC. *P < 0.05 vs HBE or BEAS-2B, #P < 0.05 
vs SPCA1.
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Increased expression of FTH1P3 is associated 
with clinical progression and poor prognosis in 
NSCLC patients

To further explore the potential clinical signifi-
cances of FTH1P3 in NSCLC, first, chi‑square 
test was performed to detect whether FTH1P3 
expression was associated with clinicopatho-
logic findings of NSCLC patients. NSCLC pa‑ 
tients were categorized into high FTH1P3 
expression group (n = 30) and low FTH1P3 
expression group (n = 30) on the basis of the 
median value of FTH1P3 expression levels. As 
shown in Table 1, high FTH1P3 expression was 
associated with advanced TNM stage and 
lymph node metastasis (P < 0.05), but no sig-

[16, 17]. Therefore, we supposed that FTH1P3 
promotes NSCLC cell migration and invasion in 
vitro. To investigate the biologic roles of FTH1P3 
in NSCLC cells, the shRNA-FTH1P3 and shRNA-
NC lentiviruses were transfected into A549 and 
H596 cells, and qRT‑PCR was performed to 
confirm the knockdown efficiency at 48 h post‑
transfection. The expression of FTH1P3 was 
markedly decreased after transfection with 
shRNA-FTH1P3 lentivirus compared with shR-
NA-NC lentivirus in NSCLC cells (Figure 3A, P < 
0.05). Subsequently, we used a wound healing 
assay to explore the effect of FTH1P3 on NSCLC 
cell migration. Images of A549 and H596 cells 
transfected with shRNA-FTH1P3 and shRNA-
NC lentiviruses at 0 h and 24 h after wounding 

Table 1. Correlation between clinicopathologic features and 
FTH1P3 expression levels in 60 NSCLC patients

Variables
Number 
of cases 
(n = 60)

Low FTH1P3 
expression 

(n = 30)

High FTH1P3 
expression  

(n = 30)
P

Age (years)
    < 60 38 17 21 0.28
    ≥ 60 22 13 9
Sex
    Male 33 15 18 0.44
    Female 27 15 12
Smoking history
    Yes 46 20 26 0.07
    No 14 10 4
Tumor location
    Left lobe 19 11 8 0.41
    Right lobe 41 19 22
Tumor size (cm)
    ≥ 3 40 17 23 0.10
    < 3 20 13 7
Histology
    Adenocarcinoma 28 12 16 0.30
    Squamous cell carcinoma 32 18 14
Differentiation
    High 9 3 6 0.28
    Middle-low 51 27 24
TNM stage
    III + IV 23 7 16 0.02*

    I + II 37 23 14
Lymph node metastasis
    Yes 25 8 17 0.02*

    No 35 22 13
FTH1P3, ferritin heavy chain 1 pseudogene 3; NSCLC, non-small cell lung carcinoma. 
*Indicates the P values which were less than 0.05.

nificant correlation existed 
between FTH1P3 expression 
and other clinicopathologic 
features, including age, sex, 
smoking history, tumor size, 
location, and differentiation, 
and histology. These results 
revealed that high FTH1P3 
expression was associated 
malignant progression in NS- 
CLC patients. Next, Kaplan-
Meier was performed to as- 
sess the prognostic value of 
FTH1P3 in NSCLC, and fou- 
nd that patients in the low 
FTH1P3 group achieved OS 
prolongation in comparison 
with those in the high FT- 
H1P3 group (Figure 2B, P = 
0.02). Taken together, these 
findings indicate that increa‑ 
sed expression of FTH1P3 
correlates with clinical pro-
gression and poor prognosis 
in NSCLC patients.

FTH1P3 promotes NSCLC 
cell migration and invasion

The above results showed 
that FTH1P3 expression was 
increased in metastatic lym- 
ph node specimens and as- 
sociated lymph node metas-
tasis in NSCLC patients, and 
FTH1P3 has been confir‑ 
med to function as a metas-
tasis-associated lncRNA in 
other human malignancies 
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are shown in Figure 3B and 3C. The results 
showed that knockdown of FTH1P3 strongly 
inhibited the migratory capability (Figure 3D, P 
< 0.05). Moreover, a transwell invasion assay 
was performed to investigate the role of 
FTH1P3 on the invasion of NSCLC cells. Cell 
invasion of A549 and H596 cells are presented 
in Figure 4A and 4B. The data show that down-
regulation of FTH1P3 significantly suppressed 
the invasion ability of A549 and H596 cells 
compared with the shRNA-NC lentivirus groups 
(P < 0.05). In sum, these results suggest that 
FTH1P3 promotes NSCLC cell migration and 
invasion.

FTH1P3 facilitates NSCLC cell migration and 
invasion by inducing EMT

Since EMT is closely correlated with tumor met-
astatic abilities, we then examined several EMT 

markers in A549 and H596 cells transfected 
with shRNA-FTH1P3 and shRNA-NC lentivirus-
es. Consistent with our hypothetical conclu-
sion, western blotting results showed that the 
expression of E-cadherin was higher in shRNA-
FTH1P3 lentivirus-transfected groups com-
pared with that in shRNA-NC lentivirus groups, 
whereas the levels of N-cadherin, vimentin and 
Snail were obviously downregulated in A549 
and H596 cells transfected with shRNA-FT- 
H1P3 lentivirus (Figure 5A and 5B, P < 0.05). 
Downregulation of the EMT transcription factor 
Snail and activation of the epithelial marker 
E-cadherin along with the downregulation of 
mesenchymal markers N-cadherin and vimen-
tin demonstrated the inhibition of EMT. Toge- 
ther, these results indicated that FTH1P3 facili-
tates metastasis and aggressiveness in NSCLC 
by inducing EMT.

Figure 3. Knockdown of FTH1P3 inhibits cell migration of NSCLC cells. A. The expression levels of FTH1P3 were ex-
amined in A549 and H596 cells transfected with the shRNA-FTH1P3 and shRNA-NC lentiviruses (n = 3). B. Wound 
healing assay was used to evaluate the effect of FTH1P3 knockdown on NSCLC cell migration (n = 3). The migration 
distances of A549 cells were observed at 0 and 24 h after wounding. C. The migration distances of H596 cells were 
observed at 0 and 24 h after wounding. D. Knockdown of FTH1P3 strongly inhibited migratory capability (n = 3). 
ShRNA: short hairpin RNA; shRNA-NC: negative control shRNA. *P < 0.05 vs shRNA-NC lentivirus.
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Discussion

lncRNAs have been reported to be involved in 
the biological progression of NSCLC, and aber-
rant expression of lncRNAs is closely associat-
ed with tumor growth, metastasis and angio-
genesis, thus providing a potential target for 
the diagnosis and therapy of NSCLC [20, 21]. 
Even though several studies reported the dys-
regulation of FTH1P3 expression in oral squa-
mous cell carcinoma [15], uveal melanoma 
[16], esophageal squamous cell carcinoma [17] 
and glioma [18], its biologic functions and clini-
cal implications in NSCLC remained unclear. In 
this study, we performed qRT‑PCR assay for 
analysis of the expression of FTH1P3 and found 
that FTH1P3 expression was significantly 
upregulated in NSCLC tumors tissues and cell 
lines compared with matched normal tissues 
and normal cells. In addition, the expression 
levels of FTH1P3 expression in metastatic 
lymph node specimens were strikingly elevated 

noma cell proliferation, cell cycle, and migra-
tion. In addition, Wang et al. [22] confirmed the 
potential regulatory mechanism of FTH1P3 on 
breast cancer paclitaxel resistance through 
miR-206/ABCB1 and provided a novel insight 
for the breast cancer chemoresistance. Nota- 
bly, upregulation of FTH1P3 may have promot-
ed glioma cell proliferation and inhibited apop-
tosis, and the miR-224-5p/TPD52 axis may be 
a downstream mechanism of FTH1P3 in glioma 
progression [18]. To the best of our knowledge, 
this is the first report to characterize the bio-
logic roles of FTH1P3 in NSCLC. The cytologic 
tests demonstrated that knockdown of FTH1P3 
remarkably inhibited the migration and inva-
sion abilities of NSCLC cells in vitro. Our obser-
vation was consistent with the findings by Yang 
et al. [17] who reported that FTH1P3 plays a 
crucial role in esophageal squamous cell carci-
noma (ESCC) metastasis and invasion, and can 
be used as a potential therapeutic target for 
ESCC.

Figure 4. FTH1P3 inhibition suppresses invasion of NSCLC cells. A. Tran-
swell invasion assay was used to evaluate the effect of FTH1P3 knockdown 
on NSCLC cell invasive capacity. Markedly reduced cell invasion in A549 
cells following knockdown of FTH1P3 by shRNA-FTH1P3 (n = 3). B. Repre-
sentative images of shRNA-FTH1P3 and shRNA-NC lentiviruses transfected 
H596 cells. Downregulation of FTH1P3 significantly suppressed the inva-
sion ability of H596 cells (n = 3). *P < 0.05 vs shRNA-NC lentivirus.

in comparison to primary non-
metastatic lymph node speci-
mens. Interestingly, based on 
the statistical analysis, increa- 
sed expression of FTH1P3 cor-
relates with advanced TNM 
stage, lymph node metastasis, 
and poor prognosis in NSCLC 
patients, suggesting that FT- 
H1P3 may play an universal 
and important role during 
tumor progression and metas-
tasis of NSCLC.

FTH1P3, located in human ch- 
romosome 2p23.3, has been 
associated with the develop-
ment of numerous human can-
cer types. Zhang et al. [15] 
demonstrated that FTH1P3 is 
overexpressed in oral squa-
mous cell carcinoma (OSCC) 
and decreases the survival 
rate of OSCC patients. Ectopic 
expression of FTH1P3 facili-
tates cell proliferation and col-
ony formation in OSCC cells. 
Zheng et al. [16] reported that 
FTH1P3 is upregulated in uveal 
melanoma cell lines and tis-
sues; elevated expression of 
FTH1P3 promoted uveal mela-
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EMT programming participates in tissue repair, 
embryogenesis, and numerous pathologic con-
ditions, particularly tumor progression and me- 
tastasis [23, 24]. EMT is often associated with 
primary cancer cell dissemination, which leads 
to metastasis. Phenotypic changes associated 
with EMT are characterized by the loss of the 
cell-cell contact, cell polarity, and E-cadherin, 
which co-occur with an increase in mesenchy-
mal markers such as vimentin and N-cadherin. 
Since several lncRNAs directly affect EMT-
related master regulators, they have the poten-
tial to be used as biomarkers or targets in EMT-
based pathologic conditions such as NSCLC 
[25, 26]. Therefore, comprehensive understan- 
ding of lncRNAs-EMT correlation with tumor 
metastatic spread may provide improvements 
to diagnostic tools or therapeutics for NSCLC. 
In this study, we examined key biomarkers of 
EMT, such as E-cadherin, N-cadherin, Snail and 
vimentin, and found that FTH1P3 knockdown 
could decrease expression of N-cadherin, vi- 
mentin, and Snail protein of NSCLC cells, but 
promote E-cadherin protein expression. The- 
refore, the above mentioned findings indicated 
that FTH1P3 could promote EMT, which was in 
accordance with its promoting role on migra-
tion and invasion of NSCLC cells.

Taken together, our findings revealed that 
FTH1P3 is upregulated in NSCLC tumor tissues 
and NSCLC-derived cell lines, and its expres-
sion has correlation with clinical progression 

and poor prognosis. FTH1P3 facilitates the 
metastasis and aggressiveness in NSCLC by 
inducing EMT, suggesting FTH1P3 as a promis-
ing target for gene therapy of NSCLC.
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