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Lung adenocarcinoma (LUAD) is a predominant type of lung
cancer in never-smoker patients. In this study, we identified a
long noncoding RNA (lncRNA) LINC00857 that might regu-
late radio-sensitivity of LUAD cells. Expression of
LINC00857 and baculoviral IAP repeat containing 5 (BIRC5)
was determined to be upregulated in LUAD cells and tissues
using qRT-PCR and western blot analysis. The correlation
between LINC00857 and nuclear factor kappa B subunit 1
(NF-kB1) was verified using RNA immunoprecipitation and
chromatin immunoprecipitation assays, while the binding rela-
tionship between NF-kB1 and BIRC5 was determined by dual-
luciferase reporter assay. It was suggested that LINC00857
could recruit NF-kB1 in BIRC5 promoter region. BIRC5 pro-
moter activity was repressed in response to small interfering-
LINC00857 (si-LINC00857) in LUAD cells. Silencing
LINC00857 or BIRC5 reduced proliferation and colony forma-
tion but enhanced apoptosis and radio-sensitivity of LUAD
cells. The experiment in vivo verified the function of silencing
LINC00857 on enhancing radio-sensitivity of LUAD cells.
Our results reveal a functional regulatory LINC00857-NF-
kB1-BIRC5 triplet in LUAD cells, suggesting LINC00857 as a
potential target for LUAD treatment.

INTRODUCTION
Lung adenocarcinoma (LUAD), as the most common subtype of lung
cancer, is a major cause of cancer mortality worldwide.1 Despite its
deficiencies, radiotherapy remains the most commonly applied ther-
apy for early-stage LUAD patients.2 Recently, the technique of RNA
sequencing of single tumor cells offers a comprehensive understand-
ing of gene candidates related to anti-tumor drug response which fa-
cilitates the development of optimized clinical anti-tumor therapeu-
tics.3 Long noncoding RNAs (lncRNAs) play a pivotal role in
carcinogenesis, tumor invasion, and metastasis.4,5 For example,
lncRNA CASC9.5 was reported to be a tumor-promoting gene in
the proliferation and metastasis of LUAD.6 Furthermore, lncRNAs
can affect radio-sensitivity in LUAD. For instance, CRNDE could
reduce the radio-sensitivity and apoptosis of LUAD cells via targeting
p21.7 Hence, identification of therapeutically relevant molecular
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mechanisms in LUAD may aid in developing more effective anti-tu-
mor therapies.

LINC00857 exhibits prognostic potential for poor patient survival and
promotes the development of lung cancer by mediating the cell cycle.8

A recent study showed that LINC00857 facilitates the progression of
LUAD by modulating the miR-1179/SPAG5 axis;9 however, the ra-
dio-sensitivity-associated mechanism remains unknown. Conceivably,
lncRNAs could bind to histone-modifying complexes, DNA binding
proteins (such as transcription factors) and RNA polymerase II to
modulate the transcriptional process.10 In this study, we focused on
the LINC00857-NF-kB1-BIRC5 triplet of LUAD, which was predicted
by the LncMap database (http://bio-bigdata.hrbmu.edu.cn/LncMAP/
index.jsp). Baculoviral IAP repeat-containing 5 (BIRC5) is already
acknowledged as a cancer therapy-resistance factor,11 and BIRC5
expression was elevated in non-small cell lung cancer samples.12

Another study noted a promotive role of BIRC5 in the development
of lung cancer,13 and a more recent study identified BIRC5 to be one
of top hub genes in LUADbased on bioinformatics.14More specifically,
nuclear factor kappa B subunit 1 (NF-kB1), an important transcription
factor in many pathways, functioned as a suppressor of inflammation,
aging, and cancer.15 Thus, we proposed a hypothesis that LINC00857
mediated radio-sensitivity of LUAD by regulating BIRC5 via NF-
kB1. To test this hypothesis, we explored the regulatory mechanism
of the LINC00857/BIRC5/NF-kB1 axis in LUAD.
RESULTS
Expression of BIRC5 and LINC00857 in LUAD by Microarray-

Based Analysis

BIRC5 was found to be upregulated in specimens from LUAD pa-
tients using the UALCAN website (http://ualcan.path.uab.edu/
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Table 1. lncRNA-TF-Gene Triplet

Cancer Type lncRNA Symbol TF Symbol Gene Symbol

LUAD RP11-25K19.1 NFKB1 BIRC5

LUAD LINC00324 NFKB1 BIRC5

LUAD RP11-137L10.6 DDX17 BIRC5

LUAD AC147651.3 DDX17 BIRC5

LUAD RASAL2-AS1 NFKB1 BIRC5

LUAD RP11-63P12.6 TCF7L2 BIRC5

LUAD RP11-70P17.1 TAF1 BIRC5

LUAD AC007365.3 E2F6 BIRC5

LUAD ITGB2-AS1 TAF1 BIRC5

LUAD RP1-28O10.1 TAF1 BIRC5

LUAD RP11-191N8.2 E2F6 BIRC5

LUAD RP11-400N13.2 E2F6 BIRC5

LUAD Z83851.1 NFKB1 BIRC5

LUAD AC093673.5 NFKB1 BIRC5

LUAD LINC00472 TCF7L2 BIRC5

LUAD RP11-354E11.2 TAF1 BIRC5

LUAD RP11-27K13.3 E2F6 BIRC5

LUAD LINC00857 NFKB1 BIRC5

LUAD RP11-815M8.1 E2F6 BIRC5

LUAD RP11-379F4.4 GATA6 BIRC5

LUAD, lung adenocarcinoma; BIRC5, baculoviral IAP repeat containing 5; NF-kB1, nu-
clear factor kappa B subunit 1
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analysis.html; Figure 1A), and Kaplan-Meier analysis of the patient
survival curve (Figure 1B) indicated that BIRC5 expression was asso-
ciated with the LUAD patient survival. Meanwhile, BIRC5 was also
found to be elevated in other tumors (Figure 1C). BIRC5 was identi-
fied in the lncRNA-transcription factor (TF)-gene triplet of LUAD by
the LncMap program (http://bio-bigdata.hrbmu.edu.cn/LncMAP/
index.jsp; Figure 1D; Table 1). As shown in Figure 1E, LINC00857
expression was elevated in LUAD following analysis using the Star-
base dataset.
LINC00857 Was Overexpressed in LUAD Tissues and Cells

As shown in Figure 2A, results of quantitative reverse transcription
polymerase chain reaction (qRT-PCR) analysis displayed that
LINC00857 expression was higher in LUAD tissues than in normal
tissues. Moreover, LINC00857 expression closely correlated with tu-
mor diameter, differentiation, and tumor node metastasis (TNM)
stage (p < 0.05), but had no relationship with differences in age,
gender, and lymph node metastasis (p > 0.05; Table 2). Kaplan-Meier
Figure 1. Expression Patterns of BIRC5 and LINC00857 in LUAD

(A) BIRC5 expression in LUAD patients predicted using UALCAN; abscissa indicates s

using Kaplan-Meier method. (C) BIRC5 expression in other tumors; blue represents no

lncRNA-TF-gene triplet of LUAD using LncMap. The square symbol represents lncRNA,

prediction of LINC00857 expression in LUAD; abscissa represents sample types, while
analysis further identified that the overall survival time was remark-
ably shorter in LUAD patients with elevated LINC00857 expression
(Figure 2B, p < 0.05). According to qRT-PCR, LINC00857 was upre-
gulated in 4 lung cancer cell lines as compared to that in Beas-2B hu-
man pulmonary epithelial cells (Figure 2C, p < 0.05). LUAD cell line
A549 with the highest LINC00857 expression was selected for subse-
quent experiments. The Cell Counting Kit-8 (CCK-8) assay (Fig-
ure 2D) demonstrated that the cell viability was reduced with
increasing radiation dose. There was a 50% reduction in LUAD cell
viability at a dose of 6.0 Gy; this dose was chosen for further
experiments.

Silencing of LINC00857 Enhanced Radio-Sensitivity in LUAD

Cells

Subsequently, a small interfering RNA (siRNA) against LINC00857
(si-LINC00857) was designed to knockdown LINC00857. The
silencing efficiency of si-LINC00857 in A549 cells, which were radi-
ated under 0 and 6.0 Gy g-irradiation, was measured by qRT-PCR.
As shown in Figure 3A, LINC00857 expression was considerably
reduced after treatment of si-LINC00857. After transfection, CCK-
8, flow cytometry and colony formation assays (Figures 3B–3D)
were carried out, and the results exhibited significantly reduced pro-
liferation and colony formation but enhanced apoptosis with
LINC00857 silencing in the cells treated with 6.0 Gy irradiation
(p < 0.05). In contrast, there was no significant change in A549 cells
under 0 Gy irradiation (p > 0.05). Western blot analysis (Figure 3E)
revealed significantly decreased protein expression of Ki67, prolifer-
ating-cell-nuclear-antigen (PCNA), and Bcl-2 and increased Bax
expression in the A549 cells upon LINC00857 silencing (p < 0.05).

Additionally, we conducted experiments in the H2444 cells to validate
the effect of si-LINC00857. qRT-PCR confirmed the silencing effi-
ciency of si-LINC00857 in the H2444 cells (Figure S1A). The results
of CCK-8 assay (Figure S1B) suggested that LINC00857 silencing
contributed to noticeable suppression in viability of the H2444 cells
irradiated by 6.0 Gy (p < 0.05), corresponding to reductions in
Ki67, PCNA, and Bcl-2 and an elevation in Bax expression (p <
0.05) (Figure S1C). However, no substantial changes were witnessed
in H2444 cells under 0 Gy irradiation (p > 0.05). Taken together,
silencing of LINC00857 enhanced radio-sensitivity of LUAD cells un-
der 6.0 Gy irradiation.

LINC00857 Elevates BIRC5 Expression by Recruiting NF-kB1

The LncMAP database predicted that LINC00857 might regulate
BIRC5 expression through transcription factor NF-kB1 in LUAD
(Figure 4A). qRT-PCR (Figure 4B) confirmed upregulation of
BIRC5 in LUAD tissues and the A549 cell line (p < 0.05). Western
blot analysis (Figure 4C) revealed a substantial reduction of BIRC5
ample types, while ordinate indicates BIRC5 expression. (B) Patients survival curve

rmal samples, while red represents tumor sample. (D) BIRC5 was identified in the

the triangle represents TF, and the circle represents the different genes. (E) Starbase

ordinate indicates LINC00857 expression.
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Figure 2. LINC00857 Was Highly Expressed in LUAD Tissues and Cells

(A) LINC00857 expression in LUAD tissues and normal tissues determined by qRT-PCR, *p < 0.05 versus adjacent normal tissues, n = 87; (B) The overall survival of LUAD

patients with high and low LINC00857 expression plotted by the Kaplan-Meier method. (C) LINC00857 expression in pulmonary epithelial cell line Beas-2B and 4 lung cancer

cell lines determined by qRT-PCR, *p < 0.05 versus Beas-2B cells; the cell experiment was conducted independently in triplicate. (D) LUAD cell viability tested after radiation

at different doses using CCK-8. *p < 0.05 versus 0 Gy, the cell experiments were conducted three times independently. Measurement data were expressed as mean ±

standard deviation and analyzed by unpaired t test. Differences among multiple groups were analyzed by one-way ANOVA. Log-rank test was performed to analyze the

survival time.
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protein expression in response to LINC00857 silencing, but an in-
crease of BIRC5 protein expression in the LUAD cells overexpressing
LINC00857 (p < 0.05). The binding of LINC00857 to NF-kB1 was
verified using RNA immunoprecipitation (RIP; Figure 4D), which
showed an enrichment of LINC00857 co-precipitated with NF-kB1
(p < 0.05). The dual-luciferase reporter assay (Figure 4E) was adopted
to determine the effect of NF-kB1 on BIRC5 promoter. The luciferase
activity of wild-type (WT)-BIRC5 was markedly reduced by co-treat-
ment with si-NF-kB1 (p < 0.05), while no significant changes were
observed in the luciferase activity of mut-BIRC5 (p > 0.05). The bind-
ing relationship between NF-kB1 and BIRC5 was further clarified by
chromatin immunoprecipitation (ChIP; Figure 4F). The results re-
vealed that compared to immunoglobulin G (IgG), BIRC5 enrich-
ment was increased in the NF-kB1 group, and a significant BIRC5
enrichment was also seen after LINC00857 silencing (p < 0.05).

To better elucidate whether LINC00857, NF-kB1, and BIRC5 interact
with each other, we conducted qRT-PCR tomeasure the expression of
LINC00857, NF-kB1, and BIRC5 after alteration of LINC00857.
Silencing of LINC00857 caused significant decreased BIRC5 expres-
sion but had no effect on the expression of NF-kB1, whereas
BIRC5 expression remained unchanged in response to NF-kB1 over-
expression in the cells treated with si-LINC00857 (Figure 4G, p <
0.05). The results determined by western blot analysis (Figure 4H)
shared similar changes in protein expression of NF-kB1 and BIRC5
with that in mRNA expression determined by qRT-PCR (p < 0.05).
All of the above experiments suggested that LINC00857 could upre-
gulate BIRC5 by recruiting NF-kB1.
LINC00857-NF-kB1-BIRC5 Triplet Regulated the Radio-

Sensitivity in LUAD

Western blot analysis (Figure 5A) of BIRC5 protein expression in
A549 cells revealed that BIRC5 protein expression was markedly up-
regulated in response to si-negative control (si-NC) and oe-BIRC5 co-
treatment compared with cells co-treated with si-NC and oe-NC, and
a similar increase in BIRC5 protein expression was observed in cells
co-treated with si-LINC00857 and oe-BIRC5 treatment when
984 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
compared with si-LINC00857 and oe-NC co-treatment. As shown
in Figures 5B–5D, CCK-8, flow cytometry and colony formation as-
says were employed to measure A549 cell proliferation and apoptosis.
It was illustrated that in cells irradiated by 6.0 Gy g-ray, LINC00857
silencing considerably impaired A549 cell proliferation but promoted
apoptosis, as evidenced by reduced cell viability and colony-forma-
tion rate, as well as increased apoptotic rate, while BIRC5 overexpres-
sion contributed to enhanced cell proliferation and reduced
apoptosis. Moreover, BIRC5 overexpression counteracted the effects
of LINC00857 silencing on A549 cell proliferation and apoptosis.
However, there was no significant disparity after alteration of
LINC00857 and BIRC5 expression in cells radiated by 0 Gy g-ray
(p > 0.05). Further, western blot analysis (Figure 5E) showed that
LINC00857 silencing led to markedly decreased protein expression
of Ki67, PCNA, and Bcl-2 but substantially increased protein levels
of Bax. Overexpression of BIRC5 resulted in opposite changes in
the levels of the aforementioned proteins, and reversed the changes
induced by LINC00857 silencing (p < 0.05). Additionally, A549 cell
line with mutant (MUT) p53 was generated by knocking down p53.
The apoptosis of p53WT orMUTA549 cells was assessed by flow cy-
tometry, the results of which exhibited that A549 cell apoptosis under
radiation at 6 Gy g-ray was inhibited after p53 knockdown (Fig-
ure 5F). As measured by western blot analysis, BIRC5 protein expres-
sion was gradually increased in the A549 cells under radiation in a
dose-dependent manner (Figure 5G). Above all, when irradiation
dose was under 6.0 Gy g-ray, silencing of LINC00857 enhanced the
radio-sensitivity of LUAD cells via downregulating BIRC5.
Silencing of LINC00857 Impaired the LUAD Development and

Enhanced the Radio-Sensitivity In Vivo

Finally, the in vivo tumorigenesis model was developed to verify the
effect of LINC00857 on radio-sensitivity in tumor-bearing nude
mice irradiated with 6.0 Gy g-ray. As illustrated in Figures 6A–6C,
qRT-PCR, tumor volume monitoring and immunohistochemistry re-
sults demonstrated that mice injected with cells stably infected with
si-LINC00857 showed reductions in LINC00857 expression, tumor
volume, and BIRC5-positive rate. By contrast, increases in



Table 2. The relationship between LINC00857 Expression Level and

Clinicopathological Factors

Clinicopathological Factors Cases

LINC00857

Mean ±

Standard
Deviation p

Gender 0.844

male 56
2.640 ±

0.314

female 31
2.654 ±

0.322

Age (years) 0.953

%45 46
2.647 ±

0.290

>45 41
2.643 ±

0.345

Tumor diameter (cm) < 0.001

%4 48
2.427 ±

0.225

>4 39
2.914 ±

0.167

Degree of tumor differentiation 0.006

low 17
2.804 ±

0.369

medium 31
2.678 ±

0.297

high 39
2.565 ±

0.287

Lymph node metastasis 0.528

yes 28
2.676 ±

0.267

no 59
2.630 ±

0.337

TNM staging <0.001

I 10
2.181 ±

0.390

II 26
2.460 ±

0.114

III 51
2.830 ±

0.202

Measurement data were expressed as mean ± standard deviation and analyzed by un-
paired t test and differences among multiple groups were analyzed by one-way
ANOVA, followed by Tukey’s post hoc test. p < 0.05 means statistically significant.

www.moleculartherapy.org
LINC00857 expression, tumor volume, and BIRC5-positive rate were
observed in mice injected with LINC00857-overexpressed A549 cells
(p < 0.05). These observations provided further evidence for the func-
tion of LINC00857 silencing in promoting the radio-sensitivity of
LUAD cells in vivo.

DISCUSSION
Among most commonly diagnosed cancers worldwide, lung cancer
remains a major cause of mortality.16 Radiotherapy is the most com-
mon treatment for lung cancer, which reduces metastasis occurrence
and provides a better local control.17 The present study identified the
inhibitory role of LINC00857 in the radiotherapy sensitivity of
LUAD. Based on our findings, we concluded that downregulated
LINC00857 repressed BIRC5 expression by inhibiting NF-kB1
enrichment in BIRC5 promoter, which hindered the LUAD cell pro-
liferation as well as enhanced the radiotherapy sensitivity and
apoptosis of LUAD cells.

Our study provided substantial evidence in relation to the notions that
LINC00857 was upregulated in LUAD tissues and cells, and that
silencing of LINC00857 enhanced the radio-sensitivity and apoptosis
of LUADcells aswell as inhibited the LUADcell proliferation. lncRNAs
play pivotal regulatory functions and are emerging as new players in
tumorigenesis and phenotypic exterminators of lung cancer.18 Due to
the regulatory role of lncRNAs in the tumorigenesis of lung cancer, in-
vestigations relevant to their functions in lung cancer were common in
recent years. For example, lncRNA metastasis-associated lung adeno-
carcinoma transcript (MALAT1) was reported to be oncogenic in
numerous cancers.19 A more recent study suggested that lncRNAs
were involved in lung adenocarcinoma and associated with the survival
of patients.20 Similarly, lncRNA DANCR repression was reported to
inhibit invasion in LUADcells.21Another study identified 281 lncRNAs
with significant differential-expression in LUAD and further high-
lighted the role of LINC00857 as a diagnostic/prognostic biomarker
in LUAD.8 Accordingly, we found evidence implicating LINC00857
in LUAD tumorigenesis. Another recent study reported that
LINC00857 facilitated the growth and glycolysis of LUADcells and sup-
pressed the apoptosis by inhibiting miR-1179 and upregulating
SPAG5,9 which suggests a competing endogenous RNA (ceRNA)
mechanism underlying the role of LINC00857. Through LncMap pre-
diction, we identified the LUAD associated LINC00857-NF-kB1-
BIRC5 triplet. BIRC5 was found to be overexpressed in head and
neck squamous cell carcinomas, which emerged as an acknowledged
cancer therapy-resistance factor11 and its regulatory role in colorectal
cancer has also been previously noted.22 The level of BIRC5 mRNA
was elevated and served as a marker of malignant transformation in
NSCLC.12 Of note, LUAD patients with BIRC5 high expression were
at higher risk of distal metastasis and advanced N stage.23 BIRC5 is
well known as a regulator to prevent apoptotic cell death that is associ-
ated with enhanced drug resistance of lung cancer cells,24 especially
radiation resistance.25 Consistent with this, our current study also re-
vealed that BIRC5 exerted anti-apoptotic effects on LUAD cells and
contributed to reduction in the radio-sensitivity of LUAD cells.

Our findings showed that LINC00857 downregulation could signifi-
cantly decrease protein expression of Ki67, PCNA, and Bcl-2, but sub-
stantially increased protein expression of Bax. Ki67 was linked to
advanced tumor stage as a labeling index,26 and other radio-sensi-
tivity-related genes like PCNA tended to have similar effects in another
study.27 In addition, lower levels of Bcl-2 and higher levels of Bax pre-
dicted for enhanced radio-sensitivity.28 Consistentwith the previous re-
sults, silencing of LINC00857 contributed to restored radio-sensitivity.
We further presented evidence that silencing of LINC00857 enhanced
radio-sensitivity of LUAD cells in vivo. Furthermore, BIRC5 gain-of-
Molecular Therapy: Nucleic Acids Vol. 22 December 2020 985
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Figure 3. LINC00857 Knockdown Enhanced Radio-Sensitivity of A549 Cells

(A) Transfection efficiency measured by qRT-PCR. (B) Viability of A549 cells after LINC00857 knockdown tested using CCK-8. (C) Flow cytometric detection on A549 cell

apoptosis after LINC00857 knockdown. (D) Colony formation ability of A549 cells after LINC00857 knockdown. (E) Western blot analysis of Ki67, PCNA, Bax, and Bcl-2

protein expression in A549 cells after LINC00857 knockdown. *p < 0.05 versus si-NC; measurement data were expressed as mean ± standard deviation and analyzed by

unpaired t test. OD values at different time points were compared using two-way ANOVA. The cell experiments were conducted three times independently.
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function reversed the effects of LINC00857 silencing on LUAD cellular
behaviors and the expression of proliferation- and apoptosis-related
proteins, demonstrating the mechanism whereby LINC00857 silencing
enhanced radio-sensitivity of LUAD cells via downregulating BIRC5.

In the current study, we further demonstrated that LINC00857 could
upregulate BIRC5 expression by recruiting NF-kB1, and then illus-
trated the regulatory role of the LINC00857-NF-kB1-BIRC5 triplet
986 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
in the radio-sensitivity of LUAD. NF-kB1 has been previously noted
as a promoter of radiation resistance.29,30 Targeting NF-kB1
increased the sensitivity of tumor cells not only to chemotherapeutic
agents but also to radiation exposure.31 For example, inhibition of
NF-kB1 by miR-9 and let-7g enhances the sensitivity of lung cancer
cells to ionizing radiation.32 Recently, suppression of NF-kB1 by its
inhibitor IMD 0354 or p65 depletion was also shown to potentiate ra-
dio-sensitivity of lung cancer cells.33



Figure 4. LINC00857 Upregulates BIRC5 Expression by Recruiting NF-kB1

(A) The modulatory role of LINC00857 on LUAD predicted using LncMAP. (B) BIRC5 expression in LUAD tissues (n = 87) and cells determined using qRT-PCR, *p < 0.05

versus normal tissues or Beas-2B cells. (C) BIRC5 protein expression in response to LINC00857 alteration measured by western blot analysis. *p < 0.05 versus si-NC; (D) The

binding relationship between LINC00857 and NF-kB1 verified by RIP. *p < 0.05 versus IgG. (E) Dual-luciferase reporter assay was utilized to determine the effect of NF-kB1

on BIRC5, *p < 0.05 versus si-NC. (F) Binding relationship between NFkB1 and BIRC5 detected by ChIP, *p < 0.05 versus IgG; # p < 0.05 versus si-NC. (G) LINC00857, NF-

kB1, and BIRC5 expression determined by qRT-PCR, *p < 0.05 versus si-NC + oe-NC, # p < 0.05 versus si-LINC00857 + oe-NC; (H) NF-kB1 and BIRC5 protein expression

measured by western blot analysis, * versus si-NC + oe-NC, # p < 0.05 versus si-LINC00857 + oe-NC. Measurement data were expressed as mean ± standard deviation.

Paired data conformed to normal distribution and homogeneity of variance were compared using paired t test, while unpaired data were compared by unpaired t test.

Differences among multiple groups were analyzed by one-way ANOVA, followed by Tukey’s post hoc test. The cell experiment was conducted three times independently.
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In conclusion, the present study sheds new light on the mechanism
underlying the effects of LINC00857 on radio-sensitivity of LUAD
cells (Figure 7). Notably, LINC00857 was upregulated in LUAD cells
and tissues, and LINC00857 silencing increased the radiosensitivity of
LUAD cells via BIRC5 downregulation. This marker may serve as a
therapeutic target for treatment of LUAD in the future. However,
further studies should be performed to identify whether
LINC00857 can mediate expression of other genes.
MATERIALS AND METHODS
Ethics Statement

All participants signed written informed consents. The current study
was conducted under the approval of the Ethics Committee of
Shanghai Pulmonary Hospital affiliated with Tongji University
School of Medicine and in accordance with the Declaration of Hel-
sinki. All animal surgeries were in compliance with the Guide for
the Care and Use of Laboratory Animal by the National Institutes
of Health.
Study Subjects

A total of 87 tumor tissues were collected from LUAD patients who
were admitted in Shanghai Pulmonary Hospital affiliated with Tongji
University School of Medicine from January 2015 to January 2016.
Among the patients, 56 were males and 31 were females, aged from
20 to 80 years with a mean age of 47 years. There were 10 patients
in TNM stage I, 26 patients in stage II, and 51 patients in stage III.
The enrolled patients were pathologically or genetically diagnosed
as having LUAD without combined tumors of the digestive system
or a history of tumors. None of the patients had received chemo-
therapy or radiotherapy prior to specimen collection. Patients with
severe impairment of liver, heart, and kidney function, any history
of immune-related diseases, and those who suffered from chronic
Molecular Therapy: Nucleic Acids Vol. 22 December 2020 987
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Figure 5. LINC00857-NF-kB1-BIRC5 Triplet Regulated the Radio-Sensitivity in LUAD

The cells used for the following assays were treated with si-NC and oe-NC in combination, both si-LINC00857 and oe-NC in combination, si-LINC00857 and oe-BIRC5 in

combination or si-NC and oe-BIRC5 in combination. (A) Transfection efficiency of BIRC5 determined by western blot analysis. (B) LUAD cell viability assessed using CCK-8.

(C) LUAD cell apoptosis examined using flow cytometry. (D) Colony-formation capability of LUAD cells. (E) Ki67, PCNA, Bax, and Bcl-2 protein expression measured by

(legend continued on next page)
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Figure 6. Silencing of LINC00857 Impaired the Progression of LUAD In Vivo

(A) qRT-PCR determination of LINC00857 expression in tumor tissues of nude mice. (B) Tumor volume in nude mice monitored at days 4, 8, 12, 16, and 28; n = 10. (C)

Immunohistochemical detection of BIRC5 positive rate in tumor tissues (400�); p < 0.05, * versus si-NC, # versus oe-NC. Measurement data were expressed as mean ±

standard deviation and differences among multiple groups were analyzed by one-way ANOVA, followed by Tukey’s post hoc test. Tumor volume at different time points

analyzed using repeated-measurement ANOVA, followed by Bonferroni’s post hoc test. The experiment was conducted three times independently.
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or acute infectious disease were excluded before experimentation.
Adjacent normal tissues away from the tumor site were collected as
control. No age-based significant difference was observed among
multiple groups (p > 0.05).
Cell Culture and Lentivirus Construction

Four lung cancer cell lines A549 (LUAD cell line; ATCC CCL-185),
H1299 (large cell carcinoma cell line; ATCC CRL-5803), H2444
(ATCC CRL-5945), and H23 (ATCC CRL-5800) as well as the human
pulmonary epithelial cell lineBeas-2B (ATCCCRL-9609)were obtained
from the cell bank of Chinese Academy of Sciences (Shanghai, China).
The cell lines presentingwith the highest expression of LINC00857were
selected for subsequent experiments. Cells were exposed to different g-
ray irradiation doses (0 Gy, 2.0 Gy, 4.0 Gy, 6.0 Gy, 8.0 Gy, and 10.0 Gy)
and then incubated for 24 h. CCK-8 was then adopted to detect LUAD
cell viability, following the manufacturer’s instructions.

The sequence of LINC00857 was identified in the NCBI databank
(https://www.ncbi.nlm.nih.gov/). First, si-LINC00857 (Sigma, St. Louis,
MO, USA) was connected to PLKO-Puro (Sigma). After correctly iden-
tified by sequencing, the si-LINC00857 plasmid was co-treated with
lentivirus vectorspsPAX2orpMD2.G (Addgen,USA) inhumanembry-
onic kidney cells (HEK293T), and then lentivirus was collected and pu-
western blot analysis. (F) LUAD cell apoptosis after p53 knockdown under radiation a

radiation at 0, 2, 4, and 6 Gy g-ray measured by western blot analysis. *p < 0.05 versus

expressed asmean ± standard deviation and differences amongmultiple groupswere an

time points were compared using two-way ANOVA. The cell experiment was conducte
rified, followed by detection of viral titers. Next, LUAD cells were seeded
to 6-well plates at a density of 3� 105 cells/well. A549 cells were infected
with the lentivirus when cell confluence reached 50%–60%, which was
then incubated with 5% CO2 at 37�C. Cells were collected after 48 h
and its infection efficiency was detected prior to further experiment.
The sequences of si-LINC00857-1 were F: 50-GGUAAGGGAAGGUG
GAGAAUU-30, R: 50-UUCUCCACCUUCCCUUACCUU-30, and si-
LINC00857-2 sequences were F: 50-GGUAAGGGAAGGUGGAGA
AUU-30, R: 50-UUGUUCACAGCACAUAGCCUU-30.
RNA Isolation and Quantification

Total RNA was isolated using TRIzol (Invitrogen, Carlsbad, CA,
USA) strictly following the manufacturer’s instructions.
LINC00857, NF-kB1, and BIRC5 primers were designed and synthe-
sized by Takara Biotechnology (Dalian, China). RNA was reversely
transcribed into cDNA using PrimeScript RT reagent kit (RR036A,
Takara Biotechnology, Shiga, Japan). According to instructions of
in the SYBR Premix Ex Taq II kit (RR820A, Takara Biotechnology,
Shiga, Japan), quantitative real-time PCR was then performed using
a ABI7500 Real-Time fluorescence quantitative PCR System (7500,
ABI, USA). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
served as internal reference. Fold changes were determined using
the relative quantification analysis (2-ddCt method; Table 3).
t 6 Gy g-ray evaluated using flow cytometry. (G) BIRC5 protein expression under

si-NC + oe-NC, #p < 0.05 versus si-LINC00857 + oe-NC; measurement data were

alyzed by one-way ANOVA, followed by Tukey’s post hoc test. OD values at different

d three times independently.
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Figure 7. LINC00857 Induces NF-kB1 Enrichment in BIRC5 Promoter thus Elevating BIRC5 Expression, and then BIRC5 Upregulation Contributes to

Promoting LUAD Cell Proliferation and Hindering Apoptosis, which Restrains Radiotherapy Sensitivity of LUAD Cells

Molecular Therapy: Nucleic Acids
Western Blot Analysis

The cells were collected and then lysed using radioimmunoprecipita-
tion assay (RIPA) lysis buffer containing phenylmethylsulfonylfluor-
ide (R00013, Beyotime Biotechnology, Shanghai, China), followed by
centrifugation at 12,000 rpm at 4�C for 10 min. The supernatant pro-
teins were measured using a bicinchoninic acid (BCA) kit. Next, 50 mg
of protein was separated by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and then transferred onto the polyvinyli-
dene fluoride membrane. The membrane was blocked with 5%
skim milk at room temperature for 1 h and then incubated at 4�C
overnight with the following primary antibodies: NF-kB1 (1:5,000,
ab32360), BIRC5 (1 mg/mL, ab469), Ki67 (1:2,000, ab16667), prolifer-
ating cell nuclear antigen (PCNA; 1:1,000, ab92552), Bax (1:10,000,
ab32503), Bcl-2 (1:10,000, ab59348), and GAPDH (1:1,000,
ab181602). All antibodies were purchased from Abcam (Cambridge,
UK). After three washes with TBST (5 min each), the membrane was
incubated with secondary antibody horseradish peroxidase (HRP)-
labeled goat anti-mouse IgG (HA1003, 1:100, Yanhui Biotechnology,
Shanghai, China) for 1 h. After development by enhanced chemilumi-
nescence (ECL808-25, Biomiga, San Diego, CA, USA), the protein
bands were visualized under a gel imager. With GAPDH as internal
reference, the relative protein content was expressed by the ratio of
the gray value of the target band to the gray value of GAPDH.
Dual-Luciferase Reporter Gene Assay

The 30 untranslated region (30 UTR) of BIRC5 containing WT or
MUT NF-kB1 binding site were designed and synthesized by Gene-
990 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
Pharma Technology (Shanghai, China). The correctly sequenced
WT or MUT plasmids were co-transfected with si-NF-kB1 into
HEK293T cells, respectively. After 48 h of transfection, cells were
then collected and lysed. The luciferase activity was measured using
the luciferase assay kit (D0010, Beijing Solarbio Science & Technol-
ogy, Beijing, China), with a GLomax20/20 Luminometer (Zhongmei
Biotechnology, Xian, Shanxi, China) adopted to detect luminance.

RIP Assay

The binding of LINC00857 to NF-kB1 was detected by the RIP kit
(Millipore, Billerica, MA, USA). RIPA lysis buffer (P0013B, Beyotime,
Shanghai, China) was utilized to lyse cells for 5 min on ice followed by
centrifugation at 14,000 rpm at 4�C for 10 min. The supernatant was
collected and used as input, while a portion was co-precipitated with
antibodies. In brief, 50 mLmagnetic beads were extracted and then re-
suspended with 100 mL RIP wash buffer, followed by incubation with
BIRC5 antibody (1 mg/mL, ab469). Themagnetic bead-antibody com-
plex was resuspended in 900 mL RIP wash buffer and incubated over-
night with 100 mL cell lysate. The magnetic bead-antibody complex
was then collected on a magnetic pedestal. The co-precipitated
RNA was extracted after detachment by protease K, and then deter-
mined by qRT-PCR. IgG (1:100, ab109489) served as NC.

ChIP Assay

Cells were seeded into six-well plates, which were then fixed by 16%
formaldehyde. Subsequently, the chromosomal DNA from collected
cells was broken by ultrasonic crushing. NF-kB1 antibody (sc-



Table 3. Primer Sequences for qRT-PCR

Genes Primer Sequence (50-30)

LINC00857 F: CCCCTGCTTCATTGTTTCCC R: AGCTTGTCCTTCTTGGGTACT

BIRC5 F: GCATGGGTGCCCCGACGTTG R: GCTCCGGCCAGAGGCCTCAA

NFKB1 F: TCCCCGACCATTGATTGGGCCCGGC R: TCCCCGACCATTGGGCCCGGC

GAPDH F: TTGGCATCGTTGAGGGTCT R: CAGTGGGAACACGGAAAGC

LINC00857, LINCRNA00857; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction

www.moleculartherapy.org
365208, 1:1,000, Santa Cruz Biotechnology, Shanghai, China) was
added, followed by incubation overnight. Beads were then employed
to precipitate the endogenous DNA-protein complex. The DNA-pro-
tein complex was de-crosslinked using NaCl (5 mmol/L). The DNA
fragments were then collected and the expression of LINC00857
and BIRC5 was determined using qRT-PCR.

Cell Proliferation and Apoptosis Assays

After 48 h of transfection, cells were collected and made into cell sus-
pension (1 � 104 cells/mL) using Dulbecco’s modified Eagle’s me-
dium supplemented with fetal bovine serum (10%). Cells were seeded
into the 96-well plates with 100 mL per well and incubated with 5%
CO2 at 37�C. CCK-8 (10 mL; Sigma, St. Louis, MO, USA) was added
into each well after culture for 24 h, 48 h, and 72 h, followed by
another 1 h incubation. The optical density (OD) values of each
well at 450 nm were measured using a microplate reader (NYW-
96M, Beijing Nuyawei, Beijing, China).

Flow cytometry was implemented to determine LUAD cell
apoptosis. Cells were inoculated in 96-well plates (2.0 � 103 cells/
well), with five replicate wells set for each concentration. Cells
were then collected 48 h after X-ray irradiation, followed by centri-
fugation. Then, binding buffer (200 mL) was added to resuspend the
cells, which were mixed with Annexin V-FITC (10 mL; ab14085, Ab-
cam, Cambridge, UK) and incubated for 15 min. Afterward, the
cells were mixed with propidium iodide (PI; 5 mL), and then ice-
bathed in the dark for 5 min. Cells apoptosis was detected using
BD FACSCanto II flow cytometer (Beijing, IMAGE, Beijing, China).
Fluorescein isothiocyanate (FITC) was detected upon excitation at
488 nm, while PI was detected at 575 nm.

Colony-Formation Assay

Cells were seeded in agar plates with 800 cells in each plate (75 mm;
the proportion of single cells > 95%), followed by addition of 1 mL 3%
melted agar (pre-melted in a 65�C water bath). After 48 h of incuba-
tion, the cells were washed with pH 6.8 phosphate buffer and then
fixed by methanol for 20 min. Giemse was utilized to stain cells for
20 min. Finally, colonies containing more than 20 cells were counted
under the microscope.

Tumor Xenografts in Nude Mice

A total of 40 male BALB/c-nu/nu nude mice (aged 6 weeks; weigh-
ing from 18 to 22 g with the mean weight of 20 g) were purchased
from Shanghai SLAC Biological Technology (Shanghai, China).
The nude mice were randomly grouped into: si-NC, si-
LINC00857, oe-NC, and oe-LINC00857 groups (mice injected
with cells infected with lentivirus expressing si-NC, si-
LINC00857, oe-NC, and oe-LINC00857 plasmids, respectively).
In brief, the cells were infected with lentivirus to obtain stably in-
fected cell lines. The cell suspension was inoculated into the mice.
The mice were exposed to radiation (6 Gy g-ray) after tumor for-
mation.34 The length and width of the tumors were detected using
Vernier caliper and tumor volume was calculated 3 times with the
following formula: TV (tumor volume) = 1/2 � a � b2, in which a
referred to short diameter and b the long diameter. Nude mice
were euthanized on the 28th d and tumors were extracted. The tu-
mor tissues (5 in each group) were weighed, fixed, paraffin-
embedded, and sliced into sections.

Immunohistochemistry

Tumor tissues isolated from the nude mice were paraffin-embedded,
sectioned, and dehydrated, followed by dewaxing using xylene I and II
for 10 min separately. The tumor samples were dehydrated with
gradient alcohol (100%, 95%, 80%, and 70%) for 2 min respectively,
and then immersed in 3% H2O2 for 10 min, followed by antigen
retrieval under high pressure for 90 s. Bovine serum albumin (BSA;
5%) was added to block the sections and incubated at 37�C for
30 min. Subsequently, the samples were incubated with the primary
polyclonal antibody rabbit anti-mouse BIRC5 (1: 250, ab469) at
4�C overnight. Biotinylated mouse anti-goat IgG (50 mL; RXE0155;
Rongchuang Data, Technology, Beijing, China) was then added and
incubated at 37�C for 30 min. After development by diaminobenzi-
dine (DAB) and staining with hematoxylin for 5 min, five fields in
each section were randomly selected and photographed under a mi-
croscope. PBS was used as the NC of the primary antibody, and the
positive cells in which cytoplasm was stained yellow-brown were
counted.

Statistical Analysis

All data were processed and analyzed using SPSS 21.0 statistical soft-
ware (IBM, Armonk, NY, USA). Measurement data were expressed as
mean ± standard deviation. Paired data conforming to normal distri-
bution and homogeneity of variance were compared using paired t
test, while unpaired t test was adopted to compare the unpaired
data. Differences among multiple groups were analyzed by one-way
analysis of variance (ANOVA), followed by Tukey’s post hoc test.
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Tumor volumes at different time points were compared using
repeated-measurement ANOVA, followed by Bonferroni’s post hoc
test. OD values at different time points were compared using two-
way ANOVA. Kaplan-Meier method was applied to calculate the sur-
vival rate, and Log-rank test was performed to analyze the single fac-
tor. p <0.05 was considered statistically significant.
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Supplementary Figure 1. LINC00857 knockdown enhanced radio-sensitivity of H2444 cells. A, 

Transfection efficiency measured by RT-qPCR. B, Viability of H2444 cells after LINC00857 

knockdown tested using CCK-8. C, Western blot analysis of Ki67, PCNA, Bax and Bcl-2 protein 

expression in H2444 cells after LINC00857 knockdown. * p < 0.05 vs. si-NC; measurement data 

were expressed as mean ± standard deviation and analyzed by unpaired t test. OD values at different 

time points were compared using two-way ANOVA. The cell experiments were conducted three 

times independently. 
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