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Introduction

Lung cancer is one of the leading causes of cancer-
related deaths in the world, and non-small cell lung 
cancer (NSCLC) accounts for more than 80% of all 
lung cancer cases.1–3 Radiation therapy is an impor-
tant treatment strategy for advanced NSCLC 
patients.4,5 However, radiation resistance has become 
a serious obstacle to the effects of radiotherapy.6–8 To 
improve the clinical outcomes of NSCLC therapy, it 
is urgent to further explore the mechanisms by which 
NSCLC cells develop radioresistance.

Knockdown of lncRNA X inactive  
specific transcript (XIST) radiosensitizes 
non-small cell lung cancer (NSCLC) cells 
through regulation of miR-16-5p/WEE1 G2 
checkpoint kinase (WEE1) axis

Ran Du1#, Feng Jiang2#, Yanhua Yin1, Jinfen Xu3,  
Xia Li3, Likuan Hu4  and Xiuyu Wang1

Abstract
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was used to predict WEE1 as a target of miR-16-5p, and their targeting relationship was further validated by Western 
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Long non-coding RNAs (lncRNAs) are recog-
nized as a new set of clinical biomarkers and poten-
tial tumor therapeutic targets.9 LncRNAs are a 
class of non-protein-coding transcripts with a 
length of longer than 200 nucleotides.10,11 They are 
involved in the regulation of various biological 
processes including cell proliferation, migration 
and apoptosis, as well as the progression of can-
cer.12–14 Abnormally expressed lncRNAs partici-
pate in the progression of NSCLC. For example, 
LINC01296 promotes the progression of NSCLC 
by sponging miR-5095.15 LncRNA AK027294 
facilitates NSCLC progression by up-regulating 
the expression of STAT3.16 In addition, lncRNA X 
inactive specific transcript (XIST) is proved to pro-
mote the development and progression of 
NSCLC.17,18 In terms of mechanism, XIST is a 
molecular sponge of miR-141, miR-367 and miR-
137, and up-regulated expression of XIST results 
in decreased expression of these microRNAs (miR-
NAs) and in turn promotes the proliferation and 
metastasis of cancer cells.19,20 It is reported that 
overexpression of XIST in nasopharyngeal carci-
noma cells can down-regulate the expression of 
miR-29c and inhibit the radiosensitivity of tumor 
cells.21 However, little is known about the role of 
XIST in NSCLC radiosensitivity.

MiRNAs are a class of small non-coding RNAs 
containing 18–25 nucleotides, leading to transla-
tional inhibition or mRNA degradation by specifi-
cally binding to the 3'-untranslated region (3'-UTR) 
of the target mRNA.22 The abnormal expression of 
miRNAs is closely related to carcinogenesis, playing 
a critical role in various biological processes such as 
cell differentiation, stress response, proliferation, 
apoptosis and so on.23–27 As one of the miRNAs 
associated with human malignancies, miR-16-5p 
promotes tumor cell radiosensitivity by modulating 
the Cyclin D1/E1–pRb–E2F1 signaling in prostate 
cancer cells.28 However, whether miR-16-5p pro-
motes the radiosensitivity of NSCLC cells and its 
underlying mechanisms remain unknown.

WEE1 G2 checkpoint kinase (WEE1) is a tyrosine 
kinase that exhibits the regulatory function in the G2 
checkpoint in response to DNA damage.29 Previous 
studies confirm that WEE1 is a potential target for 
tumor therapy, such as gastric cancer, acute myelo-
cytic leukemia, head and neck squamous cell carcino-
sarcoma and melanoma.30–33 WEE1 expression is 
up-regulated in these malignancies and is closely 
associated with the adverse prognosis of the 

patients.30–34 In addition, inhibition of WEE1 expres-
sion is reported to enhance the radiosensitivity of 
osteosarcoma and pancreatic cancer.35,36 A recent 
study indicates that the WEE1 inhibitor, AZD1755, 
sensitizes KRAS mutant NSCLC cells to radiother-
apy.37 However, the role of WEE1 in NSCLC radi-
oresistance and its upstream regulatory mechanism 
have not been fully elucidated.

In this study, bioinformatics analysis indicated 
that XIST had a potential binding site with miR-
16-5p and WEE1 was a downstream target of miR-
16-5p. We investigated the role of XIST in the 
radioresistance of NSCLC cells in vitro and its 
function of regulating WEE1 by sponging miR-
16-5p, providing a theoretical basis for the treat-
ment of NSCLC.

Materials and methods

Clinical samples

All patients enrolled signed informed consent in 
this study, and our research was endorsed by the 
Ethics Committee of Qilu Hospital (Approval 
number: 201705006). 31 cases of NSCLC tissues 
(13 squamous cell carcinomas and 18 adenocarci-
nomas) and adjacent normal tissues were taken 
from the Department of Pathology, Qilu Hospital. 
All patients were diagnosed as NSCLC by histopa-
thology and had never received preoperative chem-
otherapy or radiation therapy before this study.

Cell lines and cell culture

Human lung cancer cell lines (H157, HCC827, A549 
and H838) and normal bronchial epithelial cell lines 
(16HBE) were purchased from the American Type 
Culture Collection (ATCC, Manassas, VA, USA). All 
cells were cultured in Dulbecco's Modified Eagle's 
Medium (DMEM; Hyclone, Logan, UT, USA) sup-
plemented with 10% heat-inactivated fetal bovine 
serum (FBS; Invitrogen, Grand Island, NY, USA), 
100 U/ml penicillin and 100 μg/ml streptomycin 
(Gibco, Carlsbad, CA, USA) in an incubator at 37°C 
in 5% CO2.

Cell transfection

Small interference RNA (siRNA) control (si-con), 
siRNAs against XIST (si-XIST-1 and si-XIST-2), 
pcDNA3.1 vector (vector), pcDNA3.1-XIST, miRNA 
control (miR-con), miR-16-5p mimics (miR-16-5p), 
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and miR-16-5p inhibitors (anti-miR-16-5p) were 
available from GenePharma Co., Ltd. (Shanghai, 
China). H838 and A549 cells were seeded in  
6-well cell culture plates at a density of 1 × 105 /mL 
and transfected with the siRNAs (50 nmol),  
mimics (20 nmol), or inhibitors (20nmol) using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according to the 
supplier’s instructions. Transfection efficiency was 
measured by quantitative real-time polymerase chain 
reaction (qRT-PCR).

Ionizing radiation treatment

Transfected NSCLC cells were irradiated with a 
linear accelerator (Varian Medical Systems, USA) 
at room temperature with different doses (0, 2, 4, 6, 
and 8 Gy, dose rate: 1 Gy/min). After 24–96 h, the 
cells were used for further analyses.

qRT-PCR

Total RNA from tissues and cells was extracted using 
TRIzol reagent (Invitrogen, Shanghai, China). 1 μg 
of total RNA was reversely transcribed into comple-
mentary DNA (cDNA) using SuperScript First-
Strand Synthesis System (Invitrogen, Shanghai, 
China). Then qRT-PCR was performed with SYBR 
Green Master Mix (Takara, Dalian, China). The rela-
tive expressions of XIST and miR-16-5p were calcu-
lated employing the 2-ΔΔCT method. Additionally, to 
determine the subcellular fractionation location of 
lncRNA, Cytoplasmic & Nuclear RNA Purification 
kit (Biosharp, Hefei, China) was used to obtain the 
cytoplasmic and nuclear RNA of the cells, respec-
tively. The primers used were as follows: XIST: 
5’-GCATAACTCGGCTTAGGGCT-3’ (forward) 
and 5’-TCCTCTGCCTGACCTGCTAT-3’ (reverse); 
miR-16-5p, 5’-TAGCAGCACGTAAATATTGGCG 
-3’ (forward) and 5’-TGCGTGTCGTGGAGTC-3’ 
(reverse); WEE1: 5’-GCTGCCTCTGAAGAAGGA 
GA-3’ (forward); 5’-ACATACCACTGTGAGGGCA 
A-3’ (reverse); U6, 5’-CTCGCTTCGGCAGCA 
CA-3’ (forward) and 5’-AACGCTTCACGAATTTG 
CGT-3’ (reverse); β-actin, 5’-CGTGAAAAGATGA 
CCCAGATCA-3’ (forward) and 5’-CAGCCTGGA 
TGGCTACGTACA-3’ (reverse)

Western blot

The cells were lysed with RIPA lysis buffer 
(Beyotime Biotechnology, Shanghai, China). The 
supernatant was collected after centrifugation. 

After the protein was quantified by Enhanced BCA 
Protein Assay Kit (Beyotime, Shanghai, China), 
SDS-PAGE was performed, and then the protein 
was transferred onto the PVDF membrane (Life 
Technologies, Gaithersburg, MD, USA). Then 
WEE1 antibody (Abcam, ab137377, 1:1000) and 
internal reference β-actin antibody (Abcam, 
ab20272, 1:1000) were added, with which the 
membranes were incubated overnight at 4°C. After 
the PVDF membrane was washed with TBST solu-
tion, they were incubated with the horseradish per-
oxidase-labeled secondary antibody (Hubei Biossci 
Biotechnology Co. Ltd., 1:2000) for 1 h at room 
temperature. After the membranes were rinsed 
with TBST solution again, the hypersensitive ECL 
(Hubei Biossci Biotechnology Co., Ltd.) was used 
for chemiluminescence, and the protein bands were 
developed.

Cell viability assay

H838 and A549 cells in the logarithmic growth 
phase were selected and then trypsinized. In brief, 
100 μL cell suspension containing 2 × 103 cells 
was added into each well of the 96-well plates. 
Then the 96-well plates were placed in an incuba-
tor to continue the culture. After 24 h, 10 μL of cell 
counting kit 8 (CCK-8) solution (Biossci, Wuhan, 
China) was added to each well and incubated for 
another hour in the incubator. After the end of the 
culture, the 96-well plates were placed in a micro-
plate reader, and the absorbance (optical density, 
OD value) of each well at a wavelength of 450 nm 
was measured. Thereafter, the absorbance of the 
cells was measured at 48, 72, and 96 h, 
respectively.

Colony formation experiment

Transfected NSCLC cells were seeded into 6-well 
plates (1 × 103 / well) and irradiated with the indi-
cated single dose (0, 2, 4, 6 or 8 Gy). After 2 weeks 
of culture, cells were fixed with 100% methanol 
and stained with 0.1% crystal violet for 15 min. 
The number of colony in each group was then 
counted and recorded with naked eyes.

Flow cytometry

Cells in each group were treated with or without 4 
Gy irradiation, and the percentage of the apoptotic 
cells was examined by a FACScalibur Flow 
Cytometer (BD Biosciences, San Jose, CA, USA) 
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using Annexin V-FITC / propidium iodide (PI) 
double staining kit (Invitrogen, Shanghai, China).

Luciferase reporter assay

The wild type (WT) 3’UTR of WEE1 (WEE1-WT-
3’UTR) or the sequence of XIST containing the 
predicted miR-16-5p targeting site (XIST -WT) 
was amplified, and then inserted into pGL3 basic 
vector (Promega, Madison, WI, USA). Similarly, 
the sequence of mutant (MUT) WEE1 3’UTR or 
XIST was inserted into the luciferase reporter vec-
tor to obtain WEE1-MUT-3’UTR and XIST-MUT 
reporter plasmids. The cells were seeded in 24-well 
plates at 5000 cells per well, and cultured for 24 h. 
After that, the cells were co-transfected with the 
reporter plasmids with miR-16-5p mimics or miR-
con. 48 h later, the relative luciferase activity of 
each group was determined using dual-luciferase 
reporter gene assay system (Promega, Madison, 
WI, USA).

Statistical analysis

All experiments were repeated at least three times 
independently and the results were shown as mean 
± standard deviation (SD). Statistical differences 
between the two groups were assessed using 
Student’s t-test. One-way analysis of variance fol-
lowed by Tukey’s post hoc test was used to com-
pare differences among multiple groups. P < 0.05 
was considered statistically significant.

Results

XIST expression was up-regulated in NSCLC 
tissues and cell lines, and associated with the 
radioresistance of NSCLC cells

First of all, qRT-PCR was used to examine the 
expression of XIST in 31 cases of NSCLC tissues 
and adjacent tissues. It was found that XIST was sig-
nificantly highly expressed in NSCLC tissues com-
pared with in adjacent normal tissues (Figure 1(a)). 
Subsequently, the expression of XIST in four differ-
ent NSCLC cell lines was detected by qRT-PCR. 
Compared with in the normal bronchial epithelial 
cell line 16HBE, XIST was significantly highly 
expressed in all of the four NSCLC cell lines includ-
ing H157, HCC827, H838, and A549 (Figure 1(b)). 
To further delve into the role of XIST in the develop-
ment of radiotherapy resistance in NSCLC, we 

transfected siRNAs targeting XIST into H838 and 
A549 cells, and qRT-PCR results confirmed that we 
successfully constructed cell models with low 
expression of XIST (Figure 1(c)). Under different 
doses of radiation, we detected the colony formation 
of H838 and A549 cells employing colony formation 
assay. The results suggested that XIST knockdown 
markedly reduced the number of colonies (Figure 
1(d) and (e)). CCK-8 assay confirmed knockdown 
XIST significantly inhibited the viability of NSCLC 
cell compared with the control group (Figure 1(f)). 
Knockdown of XIST also promoted NSCLC cell 
apoptosis in the absence or presence of radiation (4 
Gy) (Figure 1(g) and (h)). Collectively, these data 
indicated that XIST knockdown enhanced the radio-
sensitivity of NSCLC cells.

XIST functioned as competing endogenous 
RNA and sponged miR-16-5p in NSCLC

The online bioinformatics database StarBase was 
used to search for potential miRNAs capable of 
pairing with XIST. It was found that XIST had a 
putative binding site for the seed sequence of miR-
16-5p (Figure 2(a)). To further validate whether 
XIST could sequester miR-16-5p, dual-luciferase 
reporter assays were performed, and the results of 
which revealed that miR-16-5p mimics inhibited the 
luciferase activity of the XIST-WT reporter, but 
didn’t affect that of the XIST-MUT reporter (Figure 
2(b)). Additionally, XIST overexpression decreased 
miR-16-5p expression while XIST knockdown 
worked oppositely in NSCLC cells (Figure 2(c)). 
Besides, XIST was preferentially localized in the 
cytoplasm of NSCLC cells, which was determined 
by subcellular fractionation assay, and this sug-
gested that XIST could probably function as a com-
peting endogenous RNA (ceRNA) (Figure 2(d)). 
Moreover, Pearson’s correlation analysis unmasked 
a negative correlation between miR-16-5p and XIST 
expressions in NSCLC tissues (Figure 2(e)). Taken 
together, we concluded that miR-16-5p was a down-
stream target of XIST and its expression level was 
negatively regulated by XIST.

XIST and miR-16-5p showed opposite changes 
in NSCLC under irradiation

Subsequently, our data showed that miR-16-5p 
expression was down-regulated in NSCLC tissues 
and cell lines compared to in adjacent tissues and 



Du et al. 5

16HBE cell line (Figure 3(a) and (b)). To further 
investigate whether radiation exposure would cause 
changes in the expressions of XIST and miR-16-5p 

in H838 and A549 cells, their expressions in H838 
and A549 cells were detected by qRT-PCR at the 
interval of 3 h after the cells were treated with 4 Gy 

Figure 1. XIST expression was up-regulated in NSCLC tissues and cell lines, and correlated with the radioresistance. (a) 
Expression of XIST in NSCLC tissues and adjacent lung tissues was examined by qRT-PCR. (b) Expression of XIST was evaluated 
by qRT-PCR in NSCLC cell lines and normal bronchial epithelial cell line (16HBE). (c) H838 and A549 cells were transfected with 
si-XIST-1 and si-XIST-2, and transfection efficiency was detected by qRT-PCR. (d) Representative images of colony formation 
assays (under 4 Gy irradiation). (e) Colony formation assay was used to measure colony survival rate 2 weeks after H838 and A549 
cells transfected with si-XIST or si-con were exposed to the indicated single doses of irradiation (0, 2, 4, 6, or 8 Gy). (f) CCK-8 
assay was performed to determine cell proliferation of H838 and A549 cells. (g) and (h) The apoptosis of H838 and A549 cells was 
evaluated by flow cytometry.
*P < 0.05, **P < 0.01 and ***P < 0.001. si-con vs si-XIST.
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radiation. It was authenticated that XIST expres-
sion in H838 and A549 cells was significantly 
increased compared with that of the control group 
(0 Gy) (Figure 3(c)); and as expected, miR-16-5p 
expression was significantly inhibited with the 
same treatment (Figure 3(d)). The above results 
indicated that XIST and miR-16-5p showed oppo-
site changes under irradiation, and changes in the 
expressions of XIST and miR-16-5p might affect 
the radiosensitivity of NSCLC cells.

Inhibition of miR-16-5p reversed the effects of 
XIST knockdown on NSCLC cells

To further elaborate on the underlying mechanism by 
which XIST induced radioresistance of NSCLC 
cells, we transfected si-con, si-XIST or si-XIST+anti-
miR-16-5p into H838 and A549 cells, respectively. 

qRT-PCR showed that the transfection was success-
ful (Supplementary Figure 1). The results of CCK-8 
assay suggested that the inhibitory effect on cell via-
bility induced by XIST knockdown was attenuated 
by anti-miR-16-5p (Figure 4(a)). In addition, we 
treated these cells with different doses of X-rays, and 
as shown, XIST knockdown sensitized NSCLC cells 
to irradiation, increasing the apoptosis and reducing 
the colony formation, while anti-miR-16-5p attenu-
ated these effects (Figure 4(b)–(d)).

MiR-16-5p directly targeted the 3’ UTR of 
WEE1

Next, we predicted the target gene of miR-16-5p 
with TargetScan database and found that WEE1 
was one of the candidate target genes of miR-16-5p 
(Figure 5(a)). qRT-PCR analysis unearthed that 

Figure 2. XIST acted as the sponge of miR-16-5p. (a) The potential binding site between XIST and miR-16-5p was predicted by 
bioinformatics. (b) Dual luciferase reporter assay showed that XIST could bind with miR-16-5p. (c) After transfecting H838 and 
A549 cells with pcDNA-NC, pcDNA-XIST, si-con and si-XIST, the expression of miR-16-5p was detected by qRT-PCR. (d) The 
enrichment of XIST in nucleus and cytoplasm was measured by qRT-PCR. (e) A negative correlation between the expressions of 
XIST and miR-16-5p was observed in NSCLC tissues.
***P < 0.001. ns, not significant.
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miR-16-5p mimics was successfully transferred 
into NSCLC cells (Supplementary Figure 2). qRT-
PCR and Western blot showed that WEE1 mRNA 
and protein were significantly decreased after the 
transfection of miR-16-5p into H838 and A549 
cells (Figure 5(b) and (c)). Moreover, Pearson’s 
correlation analysis revealed a significant negative 
correlation between miR-16-5p expression and 
WEE1 mRNA expression in NSCLC tissues 
(Figure 5(d)). Subsequently, dual luciferase 
reporter assay demonstrated that miR-16-5p spe-
cifically bound to the 3'UTR of WEE1 (Figure 
5(e)). Additionally, Western blot showed that 

WEE1 expression was significantly decreased after 
the transfection of si-XIST (Figure 5(f)). Besides, 
we found a significant positive correlation between 
XIST and WEE1 mRNA expressions in NSCLC 
tissues (Figure 5(g)). These results indicated that 
WEE1 was a downstream gene of miR-16-5p, and 
its expression level was negatively regulated by the 
latter, and XIST could positively regulate the 
expression level of WEE1 indirectly.

Discussion

Previous studies indicate that XIST, miR-16-5p, 
WEE1 figure prominently in regulating the devel-
opment and progression of NSCLC.17,18,38,39 It is 
widely accepted that radiotherapy is currently one 
of the most effective methods for the treatment of a 
variety of advanced malignancies, including 
NSCLC.2,40 However, the effect of radiotherapy is 
not satisfactory due to the reduced sensitivity of 
NSCLC cells to X-rays.41 In this study, we validate 
that XIST was up-regulated in NSCLC tissues and 
cell lines, while miR-16-5p was down-regulated. 
Additionally, we proved that XIST knockdown 
sensitized NSCLC cells to irradiation, and XIST 
could positively regulate the expression of WEE1, 
probably via repressing miR-16-5p. Our work pro-
vided a novel ceRNA network compose of XIST, 
miR-16-5p and WEE1, which participated in the 
radioresistance of NSCLC cells.

It is worth noting that in recent years, more and 
more studies confirm that non-coding RNA plays 
an important regulatory role in the occurrence and 
development of various malignant tumors.7,42–45 
For example, XIST expression level is abnormally 
up-regulated in NSCLC, and associated with 
shorter survival time and worse prognosis.46 In 
terms of mechanism, XIST promotes the occur-
rence and development of NSCLC through inhibit-
ing KLF2 expression by binding to EZH2.46 
Moreover, XIST is confirmed to be an oncogene in 
nasopharyngeal carcinoma, and it promotes cancer 
progression through up-regulating E2F3 expres-
sion by sponging miR-34a-5p.47 It is also indicated 
that XIST knockdown inhibits proliferation of 
nasopharyngeal carcinoma cells and increases 
radiosensitivity by inhibiting DNA damage repair.21 
In this study, we found XIST expression was mark-
edly upregulated in NSCLC tissue and cell lines. 
The expression level of XIST in NSCLC cells was 
observably increased under the irradiation. Besides, 

Figure 3. Opposite changes in the expressions of XIST and 
miR-16-5p in NSCLC cells under irradiation. (a) and (b) qRT-
PCR was used to detect the expression of miR-16-5p in four 
NSCLC tissue and cell lines (16HBE). (c) XIST expression in 
H838 and A549 cells was detected under X-ray irradiation at a 
dose of 4 Gy every 3 h. (d) MiR-16-5p expression in H838 and 
A549 cells was detected under X-ray irradiation at a dose of 
4 Gy every 3 h.
*P < 0.05, **P < 0.01 and ***P < 0.001.
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we successfully constructed NSCLC cell models 
with lowly expressed XIST. Knockdown of XIST 
significantly inhibited cell proliferation and sur-
vival, and promoted apoptosis, suggesting that 
XIST was a promising therapeutic target to sensi-
tize NSCLC cells to radiotherapy.

MiRNAs are also important regulators of radi-
oresistance in human tumor cells.26,48 For example, 
miR-16-5p targets Cyclin D1/E1 3'-UTR in pros-
tate cancer and induces cell cycle arrest in the G0/
G1 phase by modulating the Cyclin D1/Cyclin E1/
pRb/E2F1 pathway; overexpression of miR-16-5p 
inhibits cell viability and promotes apoptosis to 
enhance the sensitivity to X-rays.28 In addition, 
miR-16-5p expression is reported to be signifi-
cantly down-regulated in the serum of NSCLC 
patients.38 Therefore, we were curious about the 
role of miR-16-5p in the development of radiore-
sistance in NSCLC cells and its regulatory mecha-
nisms. In the present study, we found that miR-16-5p 
expression was observably down-regulated in 
NSCLC tissues compared with that in adjacent nor-
mal tissues. Subsequently, we predicted the pres-
ence of binding sites between XIST and miR-16-5p 
through an online bioinformatics database. Dual 

luciferase reporter assay verified that XIST could 
sponge miR-16-5p and negatively regulate the 
expression of the latter. Functional experiments 
manifested that the promoting effect of knockdown 
XIST on the radiosensitivity of NSCLC cells could 
be reversed by the miR-16-5p inhibitors. Therefore, 
we concluded that XIST reduced the radiosensitiv-
ity of NSCLC cells by modulating the expression of 
miR-16-5p.

In recent years, the significance of WEE1 in 
regulating the biological behaviors of NSCLC 
cells has become increasingly prominent, includ-
ing its regulatory function on the radiosensitivity 
of cancer cells.49,50 It is reported that inhibition of 
WEE1 expression is a potential therapeutic 
approach to increase the radiosensitivity of 
NSCLC cells harboring p53 and KRAS muta-
tions.37,51 In the present work, we explored the 
regulatory mechanism of WEE1 expression in 
NSCLC cells. We found that WEE1 was a down-
stream target of miR-16-5p, and its expression 
level was negatively regulated by the latter. 
Subsequently, we transfected si-XIST into 
NSCLC cells and found that the expression of 
WEE1 was significantly inhibited. Therefore, we 

Figure 4. Down-regulation of miR-16-5p expression impairs the effects on NSCLC cell proliferation and radiosensitivity induced 
by XIST knockdown. si-con, si-XIST or si-XIST+anti-miR-16-5p was transfected into H838 and A549 cells, respectively. (a) Cell 
viability of NSCLC cells was measured by CCK-8 assay. (b) The survival rate of NSCLC cells was detected by colony formation 
assays 2 weeks after being exposed to different doses of X-ray irradiation (0, 2, 4, 6 or 8 Gy). (c) and (d) The apoptosis of H838 and 
A549 cells was evaluated by flow cytometry.
*P < 0.05, **P < 0.01 and ***P < 0.001, si-con vs si-XIST. #P < 0.05, ##P < 0.01 and ###P < 0.001, si-XIST vs si-XIST+anti-miR-16-5p.
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concluded that WEE1 was directly and negatively 
regulated by miR-16-5p and could be positively 
and indirectly regulated by XIST.

Conclusion

In summary, knockdown of XIST enhances the 
radiosensitivity of NSCLC cells by modulating the 
miR-16-5p/WEE1 axis, and it is expected to 
expand the understanding of the molecular mecha-
nisms of radioresistance of NSCLC. However, this 
study in which only in vitro experiments were con-
ducted needs to be reconfirmed with animal 
models.
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miR-con and miR-16-5p mimics into H838 and A549 cells. (c) The expression of WEE1 was detected by Western blot after the 
transfection of miR-con and miR-16-5p into H838 and A549 cells. (d) The correlation between miR-16-5p expression and WEE1 
expression in NSCLC samples. (e) WEE1-WT-3’UTR or WEE1-MUT-3’UTR plasmid was co-transfected into H838 and A549 cells 
with miR-16-5p or miR-con. The luciferase activity was determined at 48 h after transfection. (f) The expression of WEE1 was 
detected by Western blot after transfection of si-XIST into H838 and A549 cells. (g) The correlation between XIST expression and 
WEE1 expression in NSCLC samples.
***P < 0.001, si-XIST vs si-XIST+anti-miR-16-5p.
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