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LncRNA FAM138B inhibits the progression of non-small cell lung cancer through 
miR-105-5p
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ABSTRACT
As a type of lung cancer, non-small cell lung cancer (NSCLC) has the characteristics of high mortality 
and high recurrence rate, which poses a great threat to human life and health. Due to the high risk 
of surgical treatment and the slow recovery of wounds, non-coding RNAs, especially lncRNAs are 
used as new potential clinical prognostic markers to prevent and treat cancer in advance. This study 
aims to explore the role of FAM138B in NSCLC and its possibility as a prognostic biomarker. Real- 
timequantitative polymerase chain reaction (RT-qPCR) was used to detect the expression and 
overexpression level of lncRNA FAM138B (FAM138B) in cells and tissues. The CCK-8, Transwell 
migration and invasion methods were performed to observe the cell transfection.The interaction 
between FAM138B and miR-105-5p was predicted by the bioinformatics tool starBase v2.0, and 
verified by the luciferase reporter gene experiment. Kaplan-Meier and Cox regression analyses were 
used to determine the prognostic significance of FAM138B in NSCLC. The expression of FAM138B is 
down-regulated in NSCLC cells and tissues. Overexpression of FAM138B can inhibit the expression 
level of miR-105-5p in NSCLC cells, and the ability of NSCLC cells to proliferate, migrate and invade 
is downregulated. FAM138B targets miR-105-5p, and there is a negative correlation between 
FAM138B and miR-105-5p. It is confirmed that FAM138B inhibits the progression of NSCLC by 
targeting miR-105-5p and can be a potential prognostic biomarker for NSCLC.
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Introduction

As one of the most threatening malignant tumors to 
human health and life, the incidence and mortality of 
lung cancer have increased rapidly in recent decades 
[1–3]. According to the latest data released in 
December 2020, lung cancer is still the leading 
cause of cancer deaths. There are an estimated 
1,796,144 deaths from lung cancer worldwide, 
accounting for 18% of all cancer deaths [4]. 
According to reports, the 5-year survival rate of 
lung cancer is less than 20%, the 1-year survival 
rate is less than 50%, and the recurrence rate is 
50% within 5 years [5,6]. Lung cancers are categor
ized as small cell lung cancer or non-small cell lung 
cancer (NSCLC), Among them, NSCLC accounts for 
about 85% of all lung cancer cases, including squa
mous cell carcinoma, adenocarcinoma, and large cell 
carcinoma [7,8]. Studies have shown that about 75% 

of NSCLC patients are in the advanced stages when 
they are discovered and the 5-year survival rate is 
very low [9]. So far, the molecular cause involved in 
NSCLC is not fully understood.

In the treatment of lung cancer, except to con
ventional surgery for the treatment of lung cancer, 
the combination of chemotherapy and radiother
apy is also an effective clinical method [10]. 
However, the traditional lung cancer treatment 
cycle is long, with obvious side effects, pain and 
discomfort. In addition, advanced lung cancer 
patients have a short survival time and a high 
recurrence rate, it is very urgent to find new and 
effective prognostic biomarkers and treatment 
strategies to improve the treatment of lung cancer. 
Studies have shown that upregulation of lncRNA 
DANCR is linked to poor survival of patients with 
lung cancer, and miR-216a is down-regulated by 
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DANCR, indicating that lncRNA DANCR inter
ference has great potential to reduce the progres
sion of aggressive lung cancer [11]. Besides, 
lncRNA XLOC_009167 was screened as a novel 
diagnostic biomarker, which is up-regulated in 
lung cancer tissues and cell lines and can be used 
to distinguish lung cancer from benign lung dis
eases and healthy controls [12], and research by 
Zhang et al. also showed that lncRNA TUC338 
promotes lung cancer invasion by activating the 
MAPK pathway [13]. Since Li et al confirmed 
through research that lncRNA FAM138B may be 
a prognostic biomarker of lung adenocarcinoma, 
its clinical and biological functions have not been 
studied yet [14]. In summary, lncRNA FAM138B 
may be regarded as a latent prognostic biomarker 
for NSCLC, and its expression, function and inter
action with miR-105-5p can be explored.

Therefore, under the premise of sequentially detect
ing the expression of FAM138B in NSCLC cells and 
tissues, this study further studied the effect of lncRNA 
FAM138B on miR-105-5p, and emphasized its poten
tial as a prognostic biomarker for NSCLC.

Materials and methods

Research objects

136 patients treated in The Second Hospital of 
Jilin University were the research subjects, and 

the investigation time was from September 2015 
to September 2016. No chemotherapy or other 
treatment methods were operated on the patients 
participating in the study. The NSCLC tissues and 
adjacent normal tissues collected during surgery 
are confirmed by a professional pathologist and 
then cryopreserved. This study used monthly tele
phone interviews, home visits or consultations 
with relatives of patients to conduct a five-year 
follow-up study on NSCLC to ensure the accuracy 
and authenticity of the research results. The ethics 
committee of The Second Hospital of Jilin 
University agreed and approved the study, and 
all participating patients were required to sign 
written informed consent. The correlation of the 
lncRNA FAM138B expression with clinical char
acteristics in NSCLC is shown in Table 1.

Cultivation of cell lines and construction of 
overexpression vector

The BeNa Culture Collection (Suzhou, China) 
provides H1299, HCC95, NCI-H650, SK-MES-1 
and BEAS-2B cells. All cells were cultured in 
a humidified incubator at 37°C and 5% CO2, and 
DMEM medium (Gibco, NY, USA) with 10% fetal 
bovine serum was used. In order to carry out the 
transfection experiment, the above-mentioned 
NSCLC cells were seeded and cultured in 

Table 1. Correlation of the lncRNA FAM138B expression with clinical characteristics in NSCLC.

Parameters
Cases 

(n = 136)

lncRNA FAM138B expression

PLow (n = 71) High (n = 65)

Age 0.737
≤60 67 34 33
>60 69 37 32

Gender 0.777
Male 82 42 40
Female 54 29 25

Tumor size 0.090
≤5 cm 65 29 36
>5 cm 71 42 29

Smoking status
Non-smoker 65 35 30 0.714
Smoker 71 36 35

Differentiation 0.197
Well, Moderate 78 37 41
Poor 58 34 24

Lymph node metastasis 0.008
Negative 87 38 49
Positive 49 33 16

TNM stage <0.001
I, II 85 34 51
III, IV 51 37 14
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a 6-well plate. MiR-105-5p mimic, inhibition of miR- 
105-5p, and their several controls (mimic NC, inhibi
tor NC) were synthesized by Ribobio (Guangzhou, 
China). LncRNA FAM138B, FAM138B overexpres
sion vector (pcDNA3.1-FAM138B) and pcDNA3.1 
empty vector (pcDNA3.1) were constructed by 
GenePharma (Shanghai, China). Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) was used for trans
fection experiments. And after 48 hours, the cells were 
collected for follow-up operations.

RNA extraction and RT-qPCR analysis

First, TRIZOL reagent (Beyotime, Shanghai, 
China) was used to extract total RNA from tis
sues and cells. Secondly, reverse transcription of 
the obtained RNA into corresponding cDNA, 
including lncRNA FAM138B for reverse tran
scription using PrimeScript RT kit (TaKaRa, 
Dalian, China); reverse transcription of miR- 
105-5p using TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems, Foster 
City, CA, USA). Then, SYBR Green Master PCR 
mix (Applied Biosystems, Foster City, CA, USA) 
was used to detect gene expression through the 
ABI 7900 system (Applied Biosystems, Foster 
City, CA, USA). Finally, the data was calculated 
using the 2−ΔΔCt method, which needs to be nor
malized with glyceraldehyde-3-phosphate dehy
drogenase (GAPDH) or small nuclear RNA U6 
in advance.

Cell proliferation, migration and invasion assay

NSCLC cells H1299 and SK-MES-1 were cultured 
in a 96-well plate (2 × 104 cells/well) for 48 hours 
at 37°C and 5% CO2 in a humidified environment, 
and then use the Cell Count Kit-8 reagent (Sigma 
Aldrich, St Louis, Missouri) to determine the via
bility of the cells. In a 96-well plate, CCK-8 reagent 
was added at 0, 24, 48, and 72 hours and incubated 
for 1 hour. A microplate reader (Thermo Fisher 
Scientific) was used to detect the absorbance at 
450 nm to analyze the proliferation of NSCLC 
cells. Each experiment was repeated three times.

In the cell migration experiment, serum-free 
DMEM medium was added to the upper chamber 
of a 24-well transwell chamber (Multiskan MK3, 
Thermo, Waltham, MA, USA), and DMEM 

medium containing 10% fetal bovine serum was 
added to the lower chamber. The transfected cells 
were transferred to the upper chamber for 24  
hours and fixed with 4% paraformaldehyde 
(PFA) for 30 minutes, and then the cells were 
moved into the lower chamber. The cell invasion 
experiment is the same as the migration experi
ment, except that the matrix gel (200 mg/mL, BD 
Biosciences, Franklin Lakes, NJ, USA) needs to be 
coated 30 minutes in advance in the upper cham
ber. Finally, the cells were stained with crystal 
violet, and 5 areas were randomly photographed 
and recorded with a microscope (Olympus, Tokyo, 
Japan).

Dual luciferase reporter analysis

After using the online tool starBase v2.0 (http:// 
starbase.sysu.edu.cn/) to determine the possible 
target genes, the binding sites between miR-105- 
5p and FAM138B were analyzed. The amplified 
FAM138B sequence with miR-105-5p binding site 
inserted into the dualluciferase reporter vector 
pGLO (Promega, Madison, WI, USA) was called 
wild type (WT-FAM138B) and mutant type 
(MUT-FAM138B). Then, the constructed WT- 
FAM138B, MUT-FAM138B and miR-105-5p 
were co-transfected into H1299 cells, and the luci
ferase activity was detected by the dualluciferase 
reporter gene.

Statistical analysis

SPSS software (IBM Corporation, Armonk, 
New York, USA) was used for data analysis and 
processing. The expression level of FAM138B was 
determined by using the ENCORI Pan-Cancer 
Analysis Platform, which has cancer gene expres
sion data downloaded from the TCGA project 
through the Genomic data Commons data Portal, 
and taking lung adenocarcinoma (LUAD) as an 
example. To ensure the accuracy of the research 
results, all experiments were performed at least 
three times, and the data were expressed as 
mean ± standard deviation (SD). The statistical 
difference analysis of the data was carried out by 
Student’s t test, χ2 test or one-way analysis of 
variance (ANOVA) method, and then the analysis 
between variables was evaluated by Tukey test. 
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Kaplan-Meier analysis and Cox regression analysis 
were used to express the prognostic probability of 
FAM138B. P < 0.05 is statistically significant.

Results

The expression of FAM138B in NSCLC cells and 
the proliferation and culture of NSCLC cells

The expression of FAM138B in NSCLC cell lines 
(H1299, HCC95, NCI-H650, SK-MES-1) was 
downregulated than that of normal adjacent cells 
BEAS-2B by RT-qPCR (Figure 1). In order to 
further study the role and function of FAM138B 
in NSCLC cells, the expression of pcDNA3.1- 
FAM138B in H1299 and SK-MES-1 cells was 
detected by RT-qPCR, and the results are shown 
in Figures 2A and 2B. The content of FAM138B 
was significantly increased, indicating that the 
overexpression of pcDNA3.1-FAM138B was suc
cessfully constructed. As shown in Figures 2C and 
2D, the proliferation ability of FAM138B in H1299 
and SK-MES-1 cells was detected by CCK-8 
method. Compared with the control group, the 
absorbance of pcDNA3.1-FAM138B at 450 nm 
decreased significantly. Similarly, in H1299 and 
SK-MES-1 cells, the overexpression of FAM138B 
vector pcDNA3.1-FAM138B showed a decrease in 
migration and invasion levels compared to the 
control group (Figures 2E-2H). Through experi
ments in H1299 and SK-MES-1 cells, it can be 
confirmed that overexpression of FAM138B can 
inhibit the proliferation, migration and invasion 
of NSCLC cells.

FAM138B targets miR-105-5p in NSCLC

Taking H1299 cells in NSCLC as an example, we 
studied the targeting effect of FAM138B on miR- 
105-5p and the effects of the two on NSCLC. In 
Figure 3A, miR-105-5p and FAM138B form multi
ple base pairs, and the binding sites between miR- 
105-5p and FAM138B are shown, which can be 
known from bioinformatics analysis. By detecting 
the luciferase activity in H1299 cells, it can be seen 
that, as shown in Figure 3B, WT-FAM138B and 
MUT-FAM138B have different performance 
results. The luciferase activity of H1299 cells after 
transfection with MUT-FAM138B was not affected 

by the expression of miR-105-5p. However, trans
fection of WT-FAM138B significantly reduced the 
luciferase activity of H1299 cells due to the high 
expression of miR-105-5p. Similarly, inhibiting the 
expression of miR-105-5p would also significantly 
increase the luciferase activity of H1299 cells. In 
Figure 3C, the expression of miR-105-5p in 
H1299, pcDNA3.1-FAM138B was significantly 
decreased compared with the control group, 
which can be known by RT-qPCR.

Rescue experiments

To further verify the relationship between 
FAM138B and miR-105-5p, H1299 cells were co- 
transfected with pcDNA3.1, pcDNA3.1-FAM138B, 
pcDNA3.1-FAM138B+mimic NC or 
pcDNA3.1-FAM138B+miR-105- 5p mimic. As 
shown in Figure 4A, pcDNA3.1-FAM138B+miR- 
105-5p mimic increased the relative expression of 
miR-105-5p compared with pcDNA3.1-FAM138B. 
Figure 4B shows that pcDNA3.1-FAM138B+miR- 
105-5p mimic counteracted the inhibitory effect of 
overexpression of FAM138B on the proliferation 
of H1299 cells. Similarly, pcDNA3.1-FAM138B 
+miR-105-5p mimic reversed the effects of over
expression FAM138B-mediated inhibition on the 
migration and invasion progression of H1299 cells 
(Figures 4C-4D).

Figure 1. The expression levels of FAM138B were detected by 
RT-qPCR. Compared with normal neighboring cells BEAS-2B, its 
expression level was reduced. **P <0.01, ***P <0.001. Data 
were analyzed by one-way ANOVA.
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Figure 3. Bioinformatics and dual-luciferase report analysis. (a) Bioinformatics analysis showed the binding site between miR-105-5p 
and FAM138B 3‘UTR. (b) Luciferase activity was examined in H1299 cell cotransfected with miR-105-5p mimic, miR-105-5p inhibitor, 
mimic NC or inhibitor NC and WT-FAM138B or MUT-FAM138B. (c) RT-qPCR analysis showed that overexpression of FAM138B would 
inhibit the expression of miR-105-5p in H1299 cells. ***P <0.001. Data were analyzed by one-way ANOVA.

Figure 2. Overexpression of FAM138B and its inhibition of H1299 and SK-MES-1 cell proliferation, migration and invasion. (a) and (b) 
the relative expression of FAM138B in H1299 and SK-MES-1 cells transfected with pcDNA3.1-FAM138B was significantly up-regulated 
by RT-qPCR. (c) and (d) the CCK-8 method was used to detect the decreased proliferation ability of FAM138B in H1299 and SK-MES-1 
cells. (e) to (h) Overexpression of FAM138B inhibited the migration and invasion levels of H1299 and SK-MES-1 cells compared with 
the control group. ***P <0.001. Data were analyzed by one-way ANOVA.
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The prognostic effect of FAM138B in NSCLC

In Figure 5A, FAM138B expression was signifi
cantly decreased in LUAD samples compared 
with normal samples, and the sample data were 
obtained from starbase database. The expression of 
FAM138B in NSCLC tissues was also decreased 
compared to normal tissues (Figure 5B). Lymph 
node metastasis was associated with low expres
sion of FAM138B (Figure 5C). The expression of 
FAM138B in NSCLC patients with TNM stage 
(III-IV) was lower than that in stage I-II 
(Figure 5D). Meanwhile, as shown in Table 1, 
through the χ2 test and data analysis, it can be 
seen that the downregulated expression of 
FAM138B is only related to the lymph node 
metastasis (P = 0.008) and TNM stage (P < 0.001), 
but not related to patient age, gender, tumor size, 

smoking status, and differentiation. Figure 5E 
shows the survival probability of lncRNA 
FAM138B high expression group within 5 years 
was higher than that of lncRNA FAM138B low 
expression group (log-rank P = 0.001). In order to 
evaluate the prognostic value of FAM138B, multi
variate Cox analysis of clinical characteristics and 
overall survival shows that FAM138B can be used 
as an independent prognostic factor for NSCLC. 
Where in Table 2, HR = 3.077, 95% CI = 1.373– 
6.893, P = 0.006. The above studies confirmed 
that lncRNA FAM138B can be used as an inde
pendent prognostic factor of NSCLC, and the high 
expression of lncRNA FAM138B will have 
a positive impact on patients with NSCLC. 
According to Figure 5F, through the analysis of 
the correlation between FAM138B and miR-105- 

Figure 4. Rescue experiments confirmed that FAM138B targets miR-105-5p. (a) pcDNA3.1-FAM138B+miR-105-5p mimic increased 
the relative expression of miR-105-5p. (b)-(d) pcDNA3.1-FAM138B+miR-105-5p mimic reversed the effects of overexpression 
FAM138B-mediated inhibition on the proliferation, migration and invasion progression of H1299 cells. ***P <0.001, ###P <0.001. 
Data were analyzed by one-way ANOVA.
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5p, the results showed a negative correlation, again 
verifying the following hypothesis that overexpres
sion of FAM138B can inhibit the expression ability 
of miR-105-5p in NSCLC. According to the 
expression of lncRNA FAM138B in NSCLC tis
sues, all 136 NSCLC patients were divided into 

lncRNA FAM138B high expression group (n =  
65) and lncRNA FAM138B low expression group 
(n = 71).

Discussion

With the worldwide industrialization, urbanization 
and environmental pollution, lung cancer has 
become a global problem and one of the most 
common cancers [15]. Lung cancer is a complex 
disease composed of diverse histological and mole
cular types with clinical relevance [16]. A large 
number of studies have demonstrated that long 
non-coding RNA (lnc RNA) is a novel type of 
cancer regulatory factor that controls basic bio
chemical and cellular processes [11,17]. In recent 
years, the regulatory effect of lncRNA on cancer 

Figure 5. The expression of FAM138B in NSCLC tissues and the survival analysis of patients with high or low expression of FAM138B 
by Kaplan-Meier method. (a) the expression of FAM138B was significantly reduced in LUAD samples compared to normal samples 
provided by the starbase database. (b) the expression of FAM138B decreased in NSCLC tissues compared to normal tissues. (c) 
Lymph node metastasis was associated with low expression of FAM138B. (d) the expression of FAM138B in NSCLC patients with TNM 
stage (III-IV) was lower than that in stage I-II. (e) Within five years, the survival probability of NSCLC patients with high expression of 
FAM138B was higher than that of low expression of FAM138B (log-rank P = 0.001). (f) the expression of FAM138B and miR-105-5p 
was negatively correlated (r = −0.6916, P <0.0001). ***P <0.001. Data were analyzed by Student’s t-test. The correlation coefficient 
was determined using Pearson correlation. Survival analysis was performed using the log-rank test.

Table 2. Multivariate Cox analysis of clinical characteristics in 
relation to overall survival.

Characteristics

Multivariate analysis

HR 95% CI P

LncRNA FAM138B 3.077 1.373–6.893 0.006
Age 1.053 0.539–2.059 0.880
Gender 1.008 0.542–1.872 0.981
Tumor size 1.805 0.890–3.659 0.102
Smoking status 1.272 0.713–2.269 0.415
Differentiation 1.947 1.024–3.704 0.042
Lymph node metastasis 1.729 0.928–3.220 0.085
TNM stage 2.106 1.119–3.964 0.021
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has attracted the attention of more and more 
researchers.

Recent studies have shown that ZFHX3-MT can 
be used as a new predictive marker for NSCLC 
treatment, and it is positively correlated with 
known immunotherapy response biomarkers 
[18]. In addition, it has also been confirmed that 
lncRNA DLEU2 is a new oncogene and can be 
used as a potential new target for NSCLC treat
ment [19]. Xu et al also confirmed that in order to 
inhibit cell proliferation of NSCLC, LncRNA 
MIR503HG can be used to down-regulate Cyclin 
D1 to induce cell cycle arrest [20]. LncRNA can be 
used as a tumor suppressor to play a role in 
NSCLC, and its clinical potential for NSCLC treat
ment has also been confirmed [21]. In short, the 
role and function of LncRNA FAM138B in 
NSCLC can be taken as the research direction of 
this time to explore the influence of FAM138B and 
miR-105-5p on the progress of NSCLC.

The content of FAM138B in NSCLC cells and 
tissues is reduced, which is derived from this 
study. In addition, in NSCLC cells, overexpression 
of miR-1298 [22], miR-3180-3p [23], miR-545 [24] 
and miR-186 [25] will inhibit cell proliferation, 
migration and invasion. A large number of experi
ments are consistent with the results of this study 
that overexpression of FAM138B can inhibit the 
proliferation, migration and invasion of NSCLC 
cells. Studies have shown that in NSCLC patient 
specimens, linc00673 is negatively correlated with 
miR-150-5p, and overexpression of miR-150-5p 
inhibits the expression of lin00673 [26]. Dong 
et al demonstrated that the expression of miR- 
105-5p could accelerate tumorigenesis as 
a biomarker for early diagnosis of NSCLC patients 
[27]. Furthermore, the expression of miR-105-5p 
was shown to be altered in lung squamous cell 
carcinoma [28]. This study also confirmed that 
miR-105-5p is negatively regulated by FAM138B, 
and high expression of FAM138B caused 
a significant decrease in the expression of miR- 
105-5p in NSCLC. In previous literature, miR-105- 
5p not only affected the immunogenicity of gastric 
cancer cells by regulating PD-L1 [29], but also had 
a positive effect on the treatment of esophageal 
squamous cell carcinoma by mediating SPARCL1 

and FAK/Akt signaling pathways [30]. Therefore, 
we have reason to speculate that the miR-105-5p 
target gene may have an impact on the progression 
of NSCLC, which will also become the focus of 
follow-up research. Further studies have shown 
that the decreased expression of FAM138B in 
NSCLC is associated with lymph node metastasis 
and TNM staging is related. Xu et al found that the 
expression of miR-18a is closely related to clinical 
TNM staging, tumor differentiation and regional 
lymph node metastasis [31]; and, Liu et al also 
confirmed that the decreased expression of Per1/ 
2/3 in non-small cell lung cancer also involves 
high TNM staging, Lymph node metastasis [32]. 
LncRNA CCDC144NL-AS1 is an independent 
prognostic factor of NSCLC, and patients with 
overexpression of lncRNA CCDC144NL-AS1 
have a poor prognosis, which was confirmed by 
Zhang et al [33]. The exploration of overexpres
sion of lncRNA dle2 shows that lncRNA dle2 can 
also be an independent prognostic factor for poor 
survival of NSCLC patients [34]. Meanwhile 14- 
3-3-3 zeta has also been confirmed as a biomarker 
for predicting the prognosis of patients with early 
NSCLC [35]. In the same way, lncRNA FAM138B 
can be used as an independent prognostic factor of 
NSCLC, and lncRNA FAM138B can be a potential 
biomarker of NSCLC, which is proved by this 
experiment.

In order to ensure the accuracy and authenticity 
of the results of t

his experimental study, all the above experimen
tal steps were repeated at least three times. At the 
same time, telephone return visits, on-site home 
visits, communication with the patients’ relatives, 
and consultations with the patients themselves 
were used to continuously conduct NSCLC 
patients within five years. Research to ensure that 
relevant information can be grasped in time, and 
the latest data can be summarized and updated. 
Admittedly, there are still some defects in this 
study, such as high treatment cost and relatively 
single target, insufficient attention has been paid 
to the mutated lncRNA FAM138B, and a large 
number of clinical experiments are needed to 
further confirm, so more in-depth participation is 
needed to realize the application.
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In short, this study confirmed that lncRNA 
FAM138B targets miR-105-5p, and when 
FAM138B is highly expressed, it inhibits the pro
gression of NSCLC, indicating that lncRNA 
FAM138B can be used as a potential prognostic 
marker for NSCLC.
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