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Abstract

Background XIAP-associated factor 1 (XAF1) has been found to participate in the progression of multiple human cancers.
Nevertheless, its role as well as the reaction mechanism in non-small cell lung cancer (NSCLC) still remains obscure.
Methods In this study, the protein expression of XAF1 in NSCLC cell lines was evaluated using western blot. With the
employment of CCK-8 assay, EdU staining, wound healing and transwell, capabilities of NSCLC cells to proliferate, migrate
and invade were assessed. Cell apoptotic level and cell cycle were resolved utilizing flow cytometry. Western blot was
applied for the estimation of apoptosis- and endoplasmic reticulum (ER) stress-related proteins.

Results It was discovered that XAF1 expression was conspicuously reduced in NSCLC cell lines. XAF1 overexpression
suppressed H1299 cell proliferative, invasive and migrative capabilities, but exhibited promotive effects on cell cycle arrest.
Meanwhile, XAF1 overexpression inhibited cisplatin resistance in H1299 and H1299/DDP cells by promoting cell apoptosis
and enhanced the expression levels of ER stress-related proteins CHOP, GRP78 and ATF4. What’s more, 4-PBA treatment
reversed the impacts of XAF1 overexpression on the proliferative, invasive, migrative and apoptotic capabilities of H1299
cells, as well as cell cycle and cisplatin resistance.

Conclusion In conclusion, XAF1 overexpression impeded the advancement of NSCLC and repressed cisplatin resistance of
NSCLC cells through inducing ER stress, which indicated that XAF1 might be a novel targeted-therapy for NSCLC.
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Introduction [3]. Due to the highly aggressive nature of NSCLC and the

lack of effective early biomarkers, a plenty of patients suf-

Lung cancer, which is a predominant contributor to death
resulting from malignant tumors, possesses the highest inci-
dence and mortality worldwide [1]. Data released by the
International Agency for Research on Cancer (IARC) dem-
onstrated that lung cancer takes second place in the global
incidence of malignant tumors in 2020 [2]. Non-small cell
lung cancer (NSCLC), the most common histological type
of lung cancer, makes up over 80% of lung cancer cases
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fering from NSCLC are already in the advanced stage at the
time of diagnosis [4]. Despite the fact that tremendous pro-
gresses have been achieved in the treatment of lung cancer,
the spread and metastasis of lung cancer cells still can’t be
effectively controlled, resulting in poor prognosis of patients
[5]. In recent years, the conventional chemotherapy regimen
is mainly platinum combined with another chemotherapy
drug (such as gemcitabine, pemetrexed), but the clinical
treatment effect is not good enough, and some patients are
susceptible to chemotherapy resistance [6]. The advent of
targeted drugs has improved survival rates for patients with
NSCLC [7]. However, drug resistance appears in the use of
targeted drugs [8]. Some patients have various types of gene
mutations after taking drugs, which causes drug resistance
[9]. Therefore, it is of great urgency to develop new thera-
peutic targets for NSCLC patients.

As a XIAP-binding protein, X-linked inhibitor of apop-
tosis (XIAP)-associated factor 1 (XAF1) has been regarded
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as a tumor suppressor gene and was expressed lowly in a
variety of malignant tumors including gastric, colon and
pancreatic cancers [10-13]. XAF1 directly and preferen-
tially binds XIAP BIR2 and antagonizes the anti-caspase
activity of XIAP, thereby inducing apoptosis. In addition,
XAFT1 isolates XIAP after relocating it from the cytoplasm
to the nucleus [14]. In human cancers, the loss of XAF1
has close association with tumor staging and cancer pro-
gression [15]. Existing study has shown that XAF1 expres-
sion was low in lung cancer tissues, and the regulation of
XAFI1 could repress lung cancer cell proliferative capabil-
ity, induce apoptosis and impede tumor growth in nude mice
[16]. However, the biological role of XAF1 in NSCLC and
the potential mechanism are still incompletely understood.
Therefore, this study aimed to investigate the role of XAF1
in NSCLC cells and the way in which XAF1 affects the pro-
gression of NSCLC.

Materials and methods
Cell culture

Human NSCLC cell lines H1703, H441, A549, H1299
and human normal bronchial epithelial cell line HBE were
obtained from the Institute of Basic Medical Sciences,
Chinese Academy of Medical Sciences (Beijing, China).
All cells were cultivated in DMEM (Hyclone, Logan, UT,
USA), which was equipped with 10% FBS, 1% penicillin-
streptomycin, in the presence of 5% CO, at 37 °C. Cisplatin
(DDP; Sigma-aldrich, USA) was dissolved in double-dis-
tilled water. The NSCLC cisplatin-resistant cell line H1299/
DDP was developed by exposure of its parental cell to pro-
gressively increasing doses of DDP in cell culture medium.
The drug-resistant phenotypes were maintained in drug-free
medium for two weeks before the experiments. Then, 30
UM cisplatin was added into H1299/DDP cells. In addition,
4-PBA (500uM) was exposed to H1299 cells or H1299/DPP
cells for 72 h to function as an endoplasmic reticulum (ER)
stress inhibitor. Thapsigargin(THA; 0.5pM)was added into
H1299 cells for 24 h to induce ER stress.

Cell transfection

To overexpress XAF1, the pc-DNA3.1 vector containing
the whole length of XAF1 (OV-XAF1) and the empty vec-
tor (OV-NC) were synthesized by Gene Pharma. By vir-
tue of Lipofectamine 2000 reagent (Invitrogen, USA), the
transfection of 100 nM recombinants into H1299 cells was
implemented in light of standard protocol. 48 h pos-trans-
fection, cells were harvested for follow-up studies.
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Cell counting kit-8 (CCK-8) assay

H1299 cells were seeded into 96-well plates and trans-
fected with OV-XAF1 for 48 h in the presence or absence
of 4-PBA for 72 h. Subsequently, cells were cultivated in
DMEM medium with 10% FBS for 24 h, 48 and 72 h. After
that, each well was added with 10 pL of WST-8 (Beyotime,
Haimen, China) to cultivate cells for 2 h. The absorbance
value was evaluated applying a microplate reader (Bio-Rad,
USA) at 450 nm.

5-Ethynyl-2’-deoxyuridine (EdU) cell proliferation
assay

The inoculation of H1299 cells in six-well plates (4 x 10°
cells/well) was conducted, following which was the over-
night cultivation. Subsequently, H1299 cells subjected to
4% polyformaldehyde fixation at room temperature for 1 h
and 0.5% Triton X-100 cultivation for 15 min. Finally, cells
were stained by Cell-Light™ EdU Cell Proliferation Detec-
tion Assay (Life, USA) and DAPI was employed for coun-
terstaining for 10 min. The positive cells were totaled by
means of a fluorescent microscope.

Wound healing assay

The inoculation of transfected H1299 cells into six-well
plates (4x10° cells/well) was initially implemented, fol-
lowing which was the incubation till 90% cell confluency
was achieved. The cell monolayers were then wounded with
white pipette tips and washed four times with phosphate-
buffered saline. After 24 h incubation, the migration rate
was calculated based on the formula: (wound width at 0 h
- wound width at 24 h)/wound width at 0 h x 100%. Five
randomly chosen fields were analyzed in each well.

Transwell assay

The suspension of transfected H1299 cells was conducted in
serum-free DMEM at a final concentration of 2 x 10° cells/
mL. The transwell chambers were pre-coated with 0.1mL
of matrigel (Becton Dickinson, MA) at 37 °C for 1 h. Cell
suspensions were then loaded into the upper compartment,
while medium with 10% FBS was placed on the lower com-
partment. 24 h post-incubation, the bottom of the chamber
insert was subjected to 100% methanol fixation as well as
0.1% crystal violet staining. The number of invaded cells
was totaled utilizing a microscope. Five randomly chosen
fields were counted for each group.
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Flow cytometry analysis

After indicated treatment, the transfected H1299 cells were
subjected to 70% ethanol fixation, following which was the
staining with a Cell Cycle Detection Kit (KeyGene, Hol-
land) in light of recommended specifications. H1299 cells
were analyzed at the Flow Cytometry Core Facility of Uni-
versity of Colorado Denver (UCD) with a FACScan flow
cytometer (BD Biosciences, San Jose, CA).

Cell apoptosis analysis

Cell apoptosis was detected by the FITC Annexin V/PI
Apoptosis Detection Kit I (Ribobio, Guangzhou, China)
according to the manufacturer’s protocol. In short, the
transfected H1299 cells were rinsed by precooled PBS and
then re-suspended in binding buffer. After that, cells were
probed with Annexin V-FITC for 15 min and PI (10 mg/ml)
for 5 min at room temperature away from light. Flowjo soft-
ware (Tree Star, Ashland, OR, USA) was employed for the
analysis of apoptosis.

Western blot analysis

The total proteins were extracted from H1299 or H1299/
DPP cells using RIPA buffer (Auragene, Changsha, China).
BCA Protein Assay Kit (Dingguo, Beijing, China) was per-
formed to detect the protein concentration in light of standard
protocol. Following The separation with 10% SDS-PAGE,
equal amount of protein was transferred onto PVDF mem-
branes. Sealed with 5% BSA at room temperature for 1 h,
the sample proteins were cultivated with primary antibod-
ies (XAF1, Bcl-2, Bax, cleaved caspase 3, CHOP, GRP78,
ATF4, MMP2, MMP9 and GAPDH) overnight at 4 °C, after
which was the subjection to secondary antibodies for 2 h at
37 °C. The visualization of protein bands was implemented
utilizing ECL detection system (Amersham Pharmacia Bio-
tech, Piscataway, NJ, USA) in light of standard protocol
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Fig. 1 XAF]1 expression is downregulated in NSCLC cell lines. West-
ern bolt assay was used to evaluate XAF1 protein level in NSCLC cell
lines H1703, H441, A549, H1299 and human normal bronchial epithe-
lial cell line HBE. Results are the mean + SD. “P<0.05, P <0.001

and Image J software was applied for the analysis of protein
density.

Statistical analysis

All data that displayed in the format of mean+ SD got ana-
lyzed with SPSS 23.0 software. To demonstrate differences
among multiple groups, one-way ANOVA with a post hoc
Bonferroni multiple comparison test was adopted. P less
than 0.05 meant that all experimental data indicate statisti-
cal significance.

Results

XAF1 expression is downregulated in NSCLC cell
lines

With the purpose of investigating the role of XAF1 in
NSCLC, XAF1 expression in NSCLC cells was appraised.
As shown in Fig. 1, western blot assay results revealed a sig-
nificant decrease in protein expression of XAF1 in NSCLC
cell lines when compared with the control HBE cells. It was
noted that XAF1 had the lowest expression in H1299 cells,
in this way, H1299 cells were adopted for follow-up studies.

Overexpression of XAF1 inhibits the proliferation
and migration of H1299 cells and induces cell cycle
arrest

To investigated the biological role of XAF1 in NSCLC
cells, we overexpressed XAF1 in H1299 cells and the
transfection efficiency was evaluated by western blot assay
(Fig. 2A). Results obtained from CCK-8 assay demon-
strated that XAF1 overexpression conspicuously weakened
the proliferation of H1299 cells compared with the OV-NC
group (Fig. 2B). In addition, EdU staining results showed
an obvious reduction in the number of positive-green cells
after the transfection with OV-XAF1 (Fig. 2C). Moreover,
OV-XAFI reduced the rate of cell migration when com-
pared with the OV-NC group (Fig. 2D). Transwell assay
results revealed that the invasive ability of H1299 cells was
restrained by XAF1 overexpression (Fig. 2E). Western blot
assay also revealed that OV-XAF1 inhibited the levels of
MMP2 and MMP9 (Fig. 2F). Furthermore, flow cytom-
etry analysis showed that the percentage of cells in the G1
phase was remarkably increased while that in S phase was
decreased by XAF1 overexpression (Fig. 2G).
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Fig. 2 Overexpression of XAF1 inhibits the proliferation and migra-
tion of H1299 cells and induces cell cycle arrest. A, Protein level of
XAF1 in H1299 cells transfected with OV-XAF1 were detected by
western blotting. Cell proliferation was evaluated by CCK-8 assay (B)
and Edu assay (C). D, Wound healing assay was used to detect cell
migration. E, Transwell assay was used to measure cell invasion. F,
Western blot assay was performed to assess the levels of MMP2 and
MMP9. G, Cell cycle was detected by flow cytometry analysis. Results
are the mean+SD. “P<0.01, ™"

P<0.001
Overexpression of XAF1 restrains cisplatin
resistance in NSCLC cells

To observe the effects of XAF1 overexpression on cisplatin
resistance in H1299 cells, cisplatin resistant cell line H1299/
DDP was constructed by increasing cisplatin concentration.
As shown in Fig. 3A-B, flow cytometry analysis showed
that the apoptosis rates of H1299 and H1299/DDP cells were
obviously increased compared with the negative control,
which was in line with western blot results that Bel-2 level
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was decreased but the contents of Bax and cleaved caspase
3 were increased by XAF1 overexpression (Fig. 3C-D).

XAF1 overexpression enhances the expression levels
of ER stress-related proteins in H1299 cells

Next, we discussed the effects of XAF1 overexpression on
ER stress in H1299 cells. As shown in Fig. 4, western blot
assay demonstrated that the protein expressions of CHOP,
GRP78 and ATF4 in H1299 cells treated with ER stress ago-
nist Thapsigargin were markedly elevated when compared
with those in negative group, and these protein levels were
further exacerbated by the overexpression of XAF1.

Upregulation of XAF1 suppresses the proliferation,
metastasis, cell cycle and cisplatin resistance in
NSCLC cells by enhancing ER stress

As presented in Fig. 5A, the treatment of ER stress inhibitor
4-PBA significantly revived the decreased cell proliferative
ability mediated by XAF1 overexpression. Consistently, Edu
staining assay showed that the number of positive cells was
increased after 4-PBA treatment (Fig. 5B). Moreover, it was
observed by wound healing and transwell assays that 4-PBA
increased the migrative and invasive capacities of XAF1-
overexpressed cells (Fig. 5C-D). The data from western blot
assay revealed that 4-PBA elevated the levels of MMP2 and
MMP9 (Fig. SE). Besides, 4-PBA reduced the cell popu-
lation in G1 phase and increased the fraction of cells in S
phase in OXAF1-overexpressed H1299 cells (Fig. 5F). In
addition, an obvious decrease in cell apoptosis rate was
observed following 4-PBA treatment in H1299/DDP cells
when compared with the negative control cells (Fig. 6A-B).
Meanwhile, the addition of 4-PBA led to increased Bcl-2
level and increased levels of Bax and cleaved caspase 3 in
H1299/DDP cells (Fig. 6C-D).

Discussion

Lung cancer is a predominant contributor to cancer-related
mortality globally, and NSCLC represents the major his-
tological subtype of the disease [17]. It was estimated that
nearly two-thirds of NSCLC patients have oncogenic driver
mutations, and half of them have therapeutically targetable
lesions [18]. Relative to conventional chemotherapy, this
expands treatment options and improves survival rate and
prognosis [19]. However, responses to these agents are gen-
erally incomplete and temporary although targeted thera-
pies improve outcomes in NSCLC patients [20]. Therefore,
research on drug resistance to targeted therapies for NSCLC
is necessary. In the present study, we demonstrated that
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Fig.4 XAF1 overexpression enhances the expression levels of ER stress-related proteins in H1299 cells. Western bolt assay was used to evaluate

the levels of ER stress-related proteins CHOP, GRP78 and ATF4 in H1299 cells. Results are the mean+ SD. "P<0.05, " P<0.01,

indicated that the upregulation of XAFl may regulate
NSCLC cells by enhancing ER stress.

As a recognized cancer suppressor, XAF1 has low
expression in many types of cancers. Sun et al. reported
that the downregulation of XAF1 reduced the apoptosis of
paclitaxel-induced triple-negative breast cancer cells with
PGKI silence [21]. In addition, overexpression of XAF1
in ovarian cancer can regulate invasion, cell cycle, apop-
tosis as well as elevate cisplatin sensitivity [22]. Moreover,
XAFT1 upregulation has been shown to induce cell apoptosis
in gastric and colorectal cancers and strengthen the apop-
totic effects of chemotherapeutic agents and TNF-related
apoptosis inducing ligand (TRAIL), suggesting that XAF1
can influence the malignant process and chemical resistance
of cancer [23]. In this study, we used western blot assay
to detect the expression of XAF1 and found that XAF1
expression was downregulated in NSCLC cells compared
with that in HBE cells. Moreover, we transfected OV-XAF1
into H1299 cells to overexpress XAF1 and it was discov-
ered that XAF1 overexpression imparted inhibitory impacts
on cell proliferative and migrative capabilities, as well as
cell cycle. Furthermore, XAF1 overexpression reduced the
cisplatin resistance in both H1299 and H1299/DDP cells by
promoting cell apoptosis. These data indicated that XAF1
played a suppressive role in NSCLC cell growth and cispla-
tin resistance.

Under certain cytotoxic conditions, such as hypoxia
and nutritional deficiency, protein misfolding occurs via
the disruption of proper ER function, leading to ER stress
characterized by unfolded proteins accumulation and aggre-
gation in the ER [24]. ER stress is involved in anticancer
drug resistance via unfolded protein response [25]. Lee
et al. revealed that XAF1 drives ER stress by disrupting
the stability of GRP78 and CHIP, thus affecting the pro-
cess of apoptosis [26]. Additionally, Park et al. found that
ampelopsin-induced reactive oxygen species enhanced the
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P<0.001

apoptosis of colon cancer cells by activating ER stress-
mediated AMPK/MAPK/XAFI1 signaling [27]. In the cur-
rent study, XAF1 overexpression increased the production
of CHOP, GRP78 and ATF4 in H1299 cells. In addition, ER
stress inhibitor 4-PBA was applied for the administration
of H1299 and H1299/DDP cells. It was found that 4-PBA
reversed the suppressive effects of XAF1 overexpression on
cell proliferative and migrative capabilities as well as cell
cycle. Moreover, 4-PBA reduced cell apoptosis in H1299
and H1299/DDP cells transfected with OV-XAF1. These
data indicated that the induction of ER stress repressed
the malignant progression and chemotherapy resistance of
NSCLC cells by XAF1 overexpression. However, there are
several limitations in our study. Due to the constraints of
financial and time, only H1299 cell line was used for biolog-
ical validation in vitro. Secondly, the endoplasmic reticulum
stress-related pathway underlying the regulation of XAF1 in
NSCLC will be explored in further study. Moreover, further
experiments using more cell lines, animals, as well as clini-
cal studies are required to confirm our findings.

Conclusion

In summary, the study uncovered the inhibitory impacts of
XAF1 overexpression on NSCLC cells and identified that
XAF]1 could induce ER stress, which revealed the mecha-
nism by which XAF1 impede the advancement of NSCLC,
implying that XAF1 could be a prospective therapeutic tar-
get for NSCLC.
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sis and cell cycle of NSCLC cells by enhancing ER stress. Cell pro-
liferation was evaluated by CCK-8 assay (A) and Edu assay (B). C,
Wound healing assay was used to detect cell migration. D, Transwell

fumzeen

sumzeen

seokk

Migration (%)

Number of invaded cells

Cell cycle distribution (%)

P<0.001

4-PBA

Hkok

Kok

80 Fkk

800 *okk

600

400

200

B OV-NC

E OV-XAF1

B OV-XAF1+4-PBA
I 4-PBA

assay was used to measure cell invasion. E, Western blot assay was
performed to assess the levels of MMP2 and MMP9. F, Cell cycle
was detected by flow cytometry analysis. Results are the mean +SD.
"P<0.05,"P<0.01,

@ Springer



435 Page 8 of 9 Molecular Biology Reports
A
H1299
OV-NC OV-XAF1 OV-XAF1+4-PBA 4-PBA H1299
4 Q1 Q2 o4 Q1 Q2 w4 Q1 [e73 w4 Q1 [e7] —
0.86 281 3.09 6.47 2,00 5.19 111 430 é
o o o o ®
@
g
e i s &
g 5 B &
[3)
vias @ | “{os - § ' oz | “ias (eI s 17 ' =5}
96.1 120 80.4 10.0 89.7 3.14 928 176
W W . '
B
H1299/DPP
OV-NC OV-XAF1 OV-XAF1+4-PBA 4-PBA 60
slat @2 ot 2 | slat @2 g
3.44 11.0 0.89 15.4 0.80 7.30 »
v ; . ‘w40
E E E 3
o
o K} Ky ]
£ g i & 20
- - - 0
w104 V - Qa3 “104 Q3 | {4 ' @ 6\
9.1 16.4 58.2 255 6.1 258
: @ w o’ s o o i o 5 ' o o o’ " @ o’ o * o o
camonarion comresitcn comprnsinon
c 5
H1299 c H1299 c H1299 £ H1299 . H1299
] 2 2 ]
a a s g
Bax G —— O 2.5 Hkk o o 5 sk Fokk 2 15
s kl g2 e I o
cleaved caspase3 -— - e 3 20 g § o 4 _5
c £ (< -
caspasel e e w—— -0 1.5 £ §§ 3 x g_ 1.0
o = @
Bel-2 — —-—q——:rz. 1.0 o g;.‘_ 2 E 05
= - ) o -
GAPDH ‘el e bl b 11 ) 3 g g
[ [}
R > ¢ o o
& & F 0o 2 2 0 s 00
n 8 N s -] N = N
o & g PO FF P T E SIS E ST
4 S ¥ X W IR T I g & G W
K% 9 N o N [$) N
° K " R
Ny Ny 2\’
[9) 9 9
s
D 1299/DPP 5 H1299/DPP 5 H1299/DPP ¢ H1299/DPP 2 H1299/DPP
2 ] £ g
) = 2 15
Bax o G w— v g g : 2,09 Fx* X S
o x 3 [ c
cleaved Caspase3 wwm @D S —— pd c §= s
= ® K 2 o U
caspasel - emm = e % o § 3 s
= a o ©
o T = '3
Bel-2 i o s S § Eg 2 05
o ] 3° 2
GAPDH s s il s e ﬁ E 3
£ Z S @ 00
O N ooy = s = g0
o“'\\ o * ugq, b?& & 2 § s AS‘O “y?\ X QQy
¢ X g & W N ¥
4:‘? O
o o@’

Fig. 6 Upregulation of XAF1 inhibits cisplatin resistance in NSCLC
cells by enhancing ER stress. Cell apoptosis was detected by flow
cytometry analysis in H1299 cells (A) and H1299/DDP cells (B).
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