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Background: Laryngeal squamous cell carcinoma (LSCC) is one of the most commonly seen malignancies
of the head and neck, with increasing incidence and mortality. The Y-box-binding protein 1 (YBX1) is a type
of oncoprotein which is related to the malignant phenotype of many cancers. It is reported that YBX1 could
regulate tumorigenesis, recurrence, and metastasis in multiple cancers. However, little is known about its
carcinogenic function and mechanism in LSCC.

Methods: Firstly, Through Oncomine StarBase, we found that the YBX1 mRNA level was increased in
a variety of cancer tissues, including in the LSCC, compared with normal tissues. We silenced YBXI in
LSCC cells using short hairpin RNAs (shRNAs). Secondly, the biological function of YBX1 in LSCC cells
was examined by the Cell Counting Kit-8 (CCK-8) assay, flow cytometry, the wound healing assay, and the
transwell assay. Thirdly, the correlation between YBX1 and the PI3K/AKT pathway was verified by the
western blot assay.

Results: Expression of YBX1 is higher in a variety of cancer tissues, especially in the head and neck cancers.
After transfected with lentiviral vectors, the expression of YBX1 was significantly silenced. Functionally, low
expression of YBX1 promoted LSCC cell apoptosis and inhibited LSCC cell proliferation, migration, and
invasion. The transfection of sh-YBX1 resulted in an obvious decrease in PI3K/AKT signaling molecules in
LSCC cells.

Conclusions: We demonstrated that YBX1 could promote LSCC cell progression through the PI3K/AKT
pathway, providing new insights into a potential biomarker and target for LSCC treatment.
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Introduction The important physiological functions of LSCC patients,
such as breathing, vocalization, and swallowing, are severely
impaired, which reduces their quality of life. Despite the

great improvements in the treatment methods, such as

Laryngeal squamous cell carcinoma (LSCC) is one of

the most common subtypes of laryngeal carcinoma (1).

As one of the most common tumors of the head and
neck, its onset is occult so that the proportion of patients
initially diagnosed at an advanced stage (stage III or IV) is
approximately 60% (2). LSCC mainly affects the population
aged 40-60 years old, with a male-female ratio of 7-9:1 (3).
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radiotherapy, chemotherapy, and surgery, the 5-year overall
survival (OS) rate of LSCC has not significantly improved in
the past 20 years (4). Therefore, there is an urgent need to
reveal the pathogenesis of LSCC, determine its diagnostic
biomarkers, and explore effective new therapeutic targets.
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As a member of the cold-shock protein superfamily,
the Y-box-binding protein 1 (YBXI) is a nucleic acid
binding protein, which is known to bind both DNA and
RNA to affect transcriptional activation, DNA repair, and
replication, as well as RNA processing and stability and
protein translation (5). It is a well-established oncogenic
transcriptional factor, and regulates tumorigenesis,
recurrence, and metastasis in multiple cancers, such as
gastric cancer, lung cancer, breast cancer, and pancreatic
cancer (6-9). YBX1 directly binds to 3'-UTR of AURKA
mRNA and promotes translation of AURKA mRNA,
which can enhance the ability of proliferation and invasion
of nasopharyngeal carcinoma cells (10). YBX1 also could
sustain the rapid proliferation of bladder cancer cell through
elevating glycolysis by targeting c-Myc and HIF1o, which
act as the crucial transcription factors in glycolysis (11).
In pancreatic ductal adenocarcinoma cells, GSK3B
protein level is increased inducing cell-cycle arrest and
cell proliferation because of the YBX1 binding to the
GSK3B promoter near the transcription start site. Recent
studies have shown that YBXI1 is associated with head
and neck cancer (12). Nevertheless, the relationship and
molecular mechanism between YBX1 and LSCC has not
been elucidated. In 2018, Zhao et al. found that YBX1
promotes LCSS progression (13). However, in that article,
the cell functional experiments were only performed in the
Hep-2 cell line. According to the Korean Cell Line Bank
(https://cellbank.snu.ac.kr/main/index.html), the Hep-
2 cell line has been proved that it is positive for keratin
by immunoperoxidase staining and the origin cells have
been contaminated with Hela cells, which means that the
results of the cell experiments are unreliable. In this study,
in order to obtain more complete and reliable results, we
explored the function of YBX1 and its potential underlying
mechanism by using two different subtypes of LSCC
cell lines (SNU1066, subtype: Glottic LSCC; SNU1076,
subtype: Subglottic LSCC). We present the following
article in accordance with the MDAR reporting checklist
(available at https://dx.doi.org/10.21037/tcr-21-2087).

Methods
Cell culture

The SNU1066 and SNU1076 human LSCC cell lines were
obtained from The First Affiliated Hospital of Sun Yat-

sen University which were procured from American Type

Culture Collection (AT'CC, Rockville, USA). Cells were
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grown in Dulbecco’s modified Eagle’s medium (DMEM)
with RPMI-1640 containing 10% fetal bovine serum (FBS),
and were incubated at 5% CO,and 37 °C.

RNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR)

According to the manufacturer’s recommendation, we
used the TRIzol reagent (Ambion, USA) to isolate the
total RNA from LSCC cells, and reverse transcription
was conducted with the FastQuant RT Kit (TIANGEN,
China). GAPDH was used as the housekeeping gene
for normalization and each sample was run in triplicate.
Alterations in gene expression were expressed as fold change
using the 27**“" method. The PCR primer sequences were
YBX1 forward: 5'-CCTAGAGAGGACGGCAATGA-3';
reverse: 5'-CGTCTGCGTCGGTAATTGAA-3'; GAPDH
forward: 5'-GGGAAACTGTGGCGTGAT-3"; reverse:
5-GAGTGGGTGTCGCTGTTGA-3".

Transfection assays and generation of stable clones

Cells were transfected with lentiviral vectors to generate
stable clones with low level YBX1 expression. The
short hairpin RNA (shRNA) vectors for knockdown
YBX1 expression (pLKO.1-CopGFP-YBX1-homo-416,
the sequence AGCAGACCGTAACCATTATAG;
pLKO.1-CopGFP-YBX1-homo-393, the sequence
CCAGTTCAAGGCAGTAAATAT; pLKO.1-CopGFP-
YBX1-homo-771, the sequence GACGGCAATGAA
GAAGATAAA) and the empty vector (pLKO.1-CopGFP-
shINC, the negative control, sh-NC) both contained a
selection marker GFP. The 3 shRNAs were named sh-
RNA1, sh-RNA2, and sh-RNA3 in turn. Following the
instructions of the manufacturer, Lipofectamine 2000
(Invitrogen, USA) was used for cell transfection. After
transfection, the expression efficiency was evaluated at 24 h.

Proliferation assay

LSCC cells (1x10*/mL) transfected with PBS, sh-NC, or
sh-YBX1 were inoculated into 96-well plates. The wells
were added with 10 pL CCK-8 solution separately after
incubation for different times (24, 48, 72 h). Cells were then
incubated for another 4 h at 37 °C. The auto-microplate
reader was used to measure the absorbance at 450 nm in
each well.
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Flow cytometric analysis

LSCC cells (1x10°/mL) were treated with PBS, sh-NC,
or sh-YBXI1 for 48 h, and were then harvested in different
tubes. The Annexin V-FITC Apoptosis Detection Kit was
used to measure apoptosis (Nanjing Keygen Biotech). The
apoptosis level was determined by the flow cytometer (BD
Biosciences, USA).

Wound bealing assay

The SNU1066 and SNU1076 cells were treated with PBS,
sh-NC, or sh-YBX1 when cells grew close to complete
confluence. We used a 100-pL pipette tip to scrape the cell
plates in order to create the sterile wound gaps. An inverted
microscope was used to photograph the spacing of the gaps
at 0, 24, and 48 h.

Cell invasion assay

After 24 h of transfection, the upper chambers of a
Transwell apparatus with Matrigel (BD Biosciences) were
seeded with cells (1x10°) in 100 pL. RPMI-1640 medium.
Medium containing 15% FBS was used to fill the lower
chambers. We removed the cells on the upper surface of
the membrane and fixed the cells which were attached to
the lower surface of the membrane after 24 h of incubation
at 37 °C. The fixed cells were stained and then counted in 4
randomly chosen regions.

Western blot analysis

Western blot assay was carried out using anti-PI3K
(Rabbit, CST, 4249T), anti-p-AKT (Rabbit, CST, 4060),
and anti-AKT (Rabbit, CST, 4691) antibodies, and goat
anti-Rabbit IgG (Southern Biotech, 4050-05) conjugated
to horseradish peroxidase (HRP) was used as the secondary
antibody.

Statistical analysis

The SPSS 22.0 software IBM, USA) was used to perform
the statistical analysis. We reported the data as the mean
+ standard deviation of three independent experiments or
more. For comparisons of multiple groups, Student’s #-test
(two tailed) or one-way analysis of variance (ANOVA) was
used. Statistical significance was defined as differences with

P<0.05.
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Results
YBX1 expression is up-regulated in many cancers

Through Oncomine StarBase (https://www.oncomine.
org), we found that the YBX1 mRNA level was increased
in a variety of cancer tissues compared with normal tissues
(Figure I). In addition, large sets of data showed that YBX1
mRNA levels were significantly increased in head and
neck tumors compared with normal tissues (Figure 2). To
investigate the function of YBX1 in LSCC, we silenced
YBX1I expression in LSCC cells using 3 shRNAs, which
were designated as sh-RNALI, sh-RNA2, and sh-RNA3. The
sh-RNA3 suppressed the level of YBXT mRNA expression
with maximum efficiency compared with sh-RNA1 and
sh-RNA2 (Figure 34,3B). We chose sh-RNA3 to perform
follow-up functional experiments and named it sh-YBX1.

Inbibition of YBX1 diminishes proliferation and accelerates
the apoptosis of LSCC cells

To explore whether YBX1 expression correlates with
LSCC progression, we conducted the CCK-8 assay and the
apoptosis assay. Compared with wild type and sh-NC, cell
growth was significantly inhibited by the transfection of
sh-YBX1 under the same conditions (Figure 3C,3D). YBX1
silencing caused a significant increase in the percentage
of apoptotic cells in both cell lines (Figure 4). The results
therefore demonstrated the pro-proliferative and anti-
apoptotic role of YBX1 in LSCC cells.

Inbibition of YBX1 curbs the migration and invasion of
LSCC cells

Through the wound healing assay, the effect of YBX1I
silencing on migration was evaluated in LSCC cells. The
LSCC cells transfected with sh-YBX1 migrated much more
slowly than the control groups, including wild type cells
and sh-NC transfected cells at 24 and 48 h (Figure 5). Using
the transwell assay, it was observed that LSCC cells with
YBX1 knockdown showed decreased migration than the
corresponding control groups (Figure 64-6D). These results
suggest that YBX1 contributes to the migratory and invasive
capacity of LSCC cells.

YBX1 exerts its function via the PI3K/AKT pathway
It has been widely reported that the PI3K/AKT signaling

pathway plays a major role in cancerous cytophysiology,
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Figure 1 Box and whisker plots of Oncomine data on YBX1 mRNA levels (expressed as the log2 median-centered ratio) in various normal

and cancerous tissues. P values, Student’s z-test.

such as regulating the tumor cell cycle, survival, and
motility. As shown in Figure 6E, low expression of YBX1
decreased the level of PI3K and p-AKT protein expression
in LSCC cells. The results suggest that YBX1 may be an
important player in the PI3K/AKT pathway.

Discussion

YBX1 was first recognized as a transcription factor. It was

© Translational Cancer Research. All rights reserved.

originally reported that YBX1 could specifically bind to
the inverted CCAAT box sequences (5'-CTGATTGG-3"),
called Y-boxes, which are in the promoter region of the
major histocompatibility complex (MHC) class IT genes (14).
Nowadays, many studies have shown that YBX1 not
only acts as a transcription factor but also as a translation
regulator. YBX1, a 43-kDa protein containing 324 amino
acids, represents the predominant form of the cold-shock
protein (CSP) family (15). It consists of three parts: an
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alanine/proline-rich N-terminal domain (A/P domain), a
highly conserved cold-shock domain (CSD), and a large
C-terminal domain (CTD) (16,17). The CTD is carried
with alternating clusters of positively and negatively
charged amino acid residues, and is involved in protein/
protein interaction and DNA/RNA binding. The CSD
has nucleic acid binding properties so that it can function
pleiotropically in various processes (18), for example cell

© Translational Cancer Research. All rights reserved.

proliferation, cell differentiation, and cell fate transition,
among others.

By identifying YBX1 as a vital marker of tumor
aggressiveness and malignant cell transformation and also as
a promising molecular target in the therapy of inflammation
and cancer, extensive research of YBX1 was further
stimulated. Although the relationship between YBX1
and cancer cell progression has been established in many
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Figure 3 The expression of YBXI could been significantly silenced after transfection of sh-RINA and inhibition of YBX1 diminishes
proliferation of LSCC cells. (A,B) SNU1066 and SNU1076 cells were transfected with empty vector, sh-RNA1, sh-RNA2 or sh-RNA3
to knock down YBX1 gene expression. The expression levels of YBXT mRNA was measured by qRT-RCR. The expression levels of YBX1
mRNA were significantly lower in the YBX1 sh-RNA2 or sh-RNA3 transfected groups compared with the control group. (C,D) CCK-8
assay was conducted for cell proliferation analysis. Cell proliferation was significantly lower in the sh-YBX1 transfected groups compared
with the control groups. *, P<0.05; **, P<0.01. LSCC, laryngeal squamous cell carcinoma; CCK-8, Cell Counting Kit-8.

malignant tumors, the effect of YBX1 on LSCC has been
rarely studied. In order to better understand the functional
role of YBX1 in LSCC, we knocked down YBX1 expression
in two highly aggressive LSCC cell lines, namely SNU1066
and SNU1076. Down-regulated expression of YBX1 caused
a decrease in proliferation, migration, and invasive potential
and an increase in the apoptosis of LSCC cells. The results
indicate that YBX1 functions as a carcinogen in LSCC.

It has already been reported that YBX1 can act as a signal
transducer for multiple growth factors (19-23), such as EGFR,
NOTCH, WNT, PDGE, and HER3, suggesting that YBX1
plays a key role in regulating malignant cell proliferation.
Additionally, it was found that inhibition of YBX1 was
accompanied by down-regulation of Cyclin D1, P16,
P21, and Bcl-2 (24,25) and up-regulation of pro-apoptotic
regulators including APAF-1, BAX, and NOXA (26),

© Translational Cancer Research. All rights reserved.

which means that YBX1 also plays an important role
in cellular apoptosis. Through controlling cell cycle-
related genes, YBXI regulates not only the G1 phase but
also the G2/M phases (27,28). Furthermore, it is widely
acknowledged that YBX1 is a potent inducer of epithelial-
mesenchymal transition, and is also a strong contributor to
the metastatic cascade (29), which means that YBX1 has a
significant effect on cell metastasis. Many studies indicate
that up-regulation of YBXI1 can promote the creation
of blood vessels in tumors and provide the route for
metastatic dissemination of malignant cells (30). Moreover,
it has been shown that YBX1 has the ability to induce
the formation of more spindle-shaped cells, meaning that
YBX1 can increase the invasiveness of tumors. More and
more studies have proven that YBX1 can promote the
development of many cancers.
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The PI3K/AKT signaling pathway plays a key role
in cancerous cytophysiology in human cancers, such as
cutaneous squamous cell carcinoma (31), brain cancer (32),
prostate cancer (33), and ovarian cancer (34). It has been
demonstrated that YBX1 can activate the PI3K/AKT kinase
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signaling pathway in many cancers (35). To date, however,
no direct connection between YBX1 and the PI3K/AKT
pathway in LSCC has been reported. Through the western
blot analysis, the results showed that YBX1 could regulate
PI3K and p-AKT levels, demonstrating that knockdown
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of YBXI led to decreased expression of critical factors of
the PI3K/AK'T pathway. YBX1 can positively control the
expression of PI3K and p-AKT proteins, which plays a
major role in the development of LSCC.

In conclusion, our studies indicated that YBX1 functions
as a carcinogen, and the inhibition of YBX1 showed negative
effects in activating the PI3K/AKT signaling pathway in
LSCC. The clinical application of this YBX1/PI3K/AKT
axis needs further /7 vivo and clinical investigation. YBX1
has a close relationship with the progression and prognosis
of LSCC, and it may hopefully serve as a novel target for
LSCC therapy in the future.
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