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Abstract

Background: Nasopharyngeal carcinoma (NPC) is an epithelial tumor of the head and neck with
heterogeneous racial and geographical distributions. Homeobox B2 (HOXB2) is a tumor promoter in
many cancers. However, the biological role of HOXB2 in NPC has not been elucidated.

Methods: Bioinformatics analysis was performed to identify the differentially expressed genes (DEGs)
between samples of patients with radiosensitive and radioresistant NPC. qRT-PCR, western blotting and
immunohistochemistry were used to detect the expression levels of the corresponding mRNA and
proteins. Cell viability was detected by CCK-8 assay and colony-forming capability was evaluated using
colony formation assays. Further, migration and invasion abilities were examined using wound-healing and
transwell chamber assays, respectively. Cellular apoptosis after irradiation was assessed using flow
cytometry and terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) staining.

Results: HOXB?2 was identified as a potential regulator of radioresistance in NPC. Our in vitro results
indicate that HOXB2 overexpression (HOXB2-OE) promoted malignant behaviors including invasion,
migration, proliferation, and inhibited the irradiation-induced apoptosis of NPC cells. Consistent with
these results, HOXB2 knockdown (HOXB2-sh) exhibited the opposite trends in these biological
activities. Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis showed that the DEGs were
enriched in the FOXO signaling pathway. Mechanistically, western blotting showed that HOXB2-OE
inhibited forkhead box protein O1 (FOXO1) expression in NPC cells. Thereafter, we transferred the
FOXOI-OE plasmid to HOXB2-OE NPC cells and found that overexpression of FOXOI reversed cell
proliferation, migration, invasion, and radioresistance profiles promoted by HOXB2 overexpression.

Conclusion: Our findings showed that HOXB?2 acts as a tumor promoter in NPC, activating malignant
behaviors and radioresistance of tumors via FOXOI regulation. Moreover, the inactivation of HOXB2 or
activation of FOXOI are potential strategies to inhibit tumor progression and overcome radioresistance
in NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a rare  geographical distributions, NPC is particularly
malignant cancer arising from the nasopharyngeal = common in East and South East Asia [12l. Concurrent
mucosal lining. Exhibiting heterogeneous racial and  radio-chemotherapy has become the primary

https://www.medsci.org



Int. J. Med. Sci. 2024, Vol. 21

838

treatment for NPC in clinical practice. With the
development of intensity-modulated radiotherapy
and the widespread application of chemoradio-
therapy, the 5-year overall survival rate of patients
with non-metastatic NPC has risen to 54.8-75.7% Bl.
However, 10-20% of patients suffer from locoregional
recurrence after primary treatment [M. Once
recurrence or distance metastasis occurs, the 5-year
survival of these patients declines below 50% Il
Accumulating evidence has demonstrated that
radioresistance of tumor cells is the major reason for
residual or recurrent/distant cancers, ultimately
resulting in poor prognosis [678]. Therefore, further
investigation is required to elucidate the mechanism
of radioresistance.

The rapid development of bioinformatics
enables researchers to determine the hub genes and
molecular mechanisms of cancer progression to
identify new potential therapeutic targets of drugs or
radiation resistance. In the present study, we screened
homeobox B2 (HOXB2) as a potential regulator of the
progression and radioresistance of NPC with a
comprehensive bioinformatics, which its expression
in patient tissues was also increased by immuno-
histochemistry. HOX genes are highly conserved
homeotic genes that were first identified in the fruit
fly, Drosophila melanogaster °l. Aberrations in Hox gene
expression have been reported in abnormal
development and malignancy, indicating that
dysregulation of these genes contributes to tumor
initiation and progression [1011: HOXB?2 is a member of
the B cluster of homeobox transcription factors
localized on chromosomes 17 that acts as either an
oncogene or tumor suppressor with tissue-specific
regulation. A previous functional in vivo screen
identified HOXB2 as a negative regulator of tumor
growth that decreased proliferation in mammary
adenocarcinoma tumors 121, This result is at odds with
subsequent HOXB2 studies in Wilms tumor, glioma,
colon cancer, and esophageal squamous cell
carcinoma, in which overexpression was associated
with malignancy [13141516] Nevertheless, the functions
of HOXB2 in NPC have not been studied.

Forkhead box protein O1 (FOXO1) belongs to the
forkhead box O (FOXO) family of transcription
factors, which is a tumor-suppressing factor that
inhibits carcinogenesis [7l. However, some studies
revealed a controversial role in the development of
tumors. For example, Wang et al. found that FOXO1
has a tumor-promoting effect on inducing the
infiltration of M2 macrophages and led to poor
prognosis in esophageal squamous cell carcinoma
(ESCC) patients [8l. These conflicting findings
suggested that the role of FOXO1 may alter based on
the type of cancer tissues. In our study, KEGG

analysis showed that FOXO signaling pathway could
potentially contributed to radioresistance in NPC.
Taken together, we aimed to elucidate the biological
role of HOXB2 and the effect of the HOXB2/FOXO1
interaction on NPC progression and radioresistance.
Our findings may indicate new potential therapeutic
targets to overcome radioresistance and improve the
prognosis of patients with NPC.

Materials and methods

Bioinformatics analysis

Gene expression profiles and clinical data from
GSE32389 dataset were downloaded. After excluding
outlier samples, eight RSNPC and twelve RRNPC
samples were included in the subsequent analysis.
The values of |log fold change| > 0 and p < 0.05 were
used to identify the differentially expressed genes
(DEGs) between RSNPC and RRNPC. Thereafter,
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment
analyses were performed using the Cytoscape 3.9
software and DAVID tool (https://david.ncifcrf
.gov/), respectively. The corresponding pathways
were considered significantly enriched if p < 0.05.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on
formalin-fixed, paraffin-embedded tissue specimens
from patients with chronic nasopharyngitis, complete
recovery of NPC tissues, and recurrent NPC. Briefly,
tissues were blocked using goat serum and incubated
with primary anti-HOXB2 antibody (China, ER63708,
1:250) at 4 © C overnight. Samples were then incubated
with biotinylated secondary antibody diluted 1:1000.

Cell lines and culture

Cells from the NPC epithelioid cell line CNE-1
and epithelial tumor cell line HONE-1 were provided
by The State Key Laboratory of Oncology at Sun
Yat-sen University Cancer Center. The cells were
cultured in Dulbecco’s modified Eagle’s medium
(DMEM; HyClone Laboratories, San Angelo, TX,
USA) supplemented with 10% fetal bovine serum
(FBS; Hyclone) and 1% penicillin-streptomycin
(Beijing Solarbio Science & Technology, Beijing,
China). All cells were cultured in a humidified
incubator in a 5% CO2 atmosphere at 37°C.

Lentiviral transduction of NPC cells

c¢DNA encoding human HOXB2 (https://www
.ncbi.nlm.nih.gov/nuccore/NM_002145.4) was
inserted into a P-cmv-mcs-EF1-EGFP-T2A-PURO
lentiviral vector to produce a HOXB2 overexpression
(HOXB2-OE) vector. The shRNA sequence 5
CCGGGCGGCCTTTAGCCGTTCGCTTACTCGAGT
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AAGCGAACGGCTAAAGGCCGCTITTTTG ¥, which
targets HOXB2 mRNA, was transferred into
P-u6-MCS-EF1-EGFP-T2A-PURO lentiviral vector to
create a HOXB2 knockdown (HOXB2-sh) plasmid.
Each recombinant lentiviral plasmid and packaging
helper plasmid (pSPXA2/pMD2.G) were co-trans-
fected 1:3 into 293T cells with 20% serum for fluid
exchange. The virus supernatant was collected 48 h
later and used to infect the NPC cells. Transfected
NPC cells were subjected to continuous pressure
screening with puromycin for 2 weeks, and stable
high-/low- expression NPC cells were obtained.
c¢DNA encoding human FOXO1 (https://www.ncbi
.nlm.nih.gov/nuccore/NM_002015.4) was inserted
into a PCDNA3.1 vector for FOXO1 overexpress
(FOXO1-OE).

Quantitative real-time PCR

TRIzol (Invitrogen, Thermo Fisher Scientific,
Waltham, MA, USA) was used to isolate total RNA,
and the PrimeScript reverse transcription (RT)-PCR
kit (Takara Bio, Shiga, Japan) was used to synthesize
c¢DNA according to the manufacturer’s instructions.
Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as an internal control. All
experiments were performed at least in triplicate. The
primer sequences used for qRT-PCR were as follows:
HOXB2 forward, 5-CGCCAGGATTCACCTTTCC
TT-3° and reverse, 5-CCCTGTAGGCTAGGGGA
GAG-3; GAPDH forward, 5-AGAAGGCTGGGGC
TCATTTG-3 and reverse, 5-AGGGGCCATCCAC
AGTCTTC-3".

Cell-counting Kit-8 assay

At 24-h intervals (0, 24, 48, and 72 h), 10 pl of the
Cell-Counting Kit-8 (CCK-8) reagent (Beyotime
Biotechnology, Shanghai, China) was added to each
well and the cells were incubated for 1 h. The optical
density was measured at 450 nm using a microplate
reader (Thermo Fisher Scientific).

Colony formation assay

Stably transfected cells were seed in 6-well plates
for a week in the media contain 10% FBS.
Subsequently, the colonies were fixed with 4%
formaldehyde for 30 min, stained with 1% crystal
violet for 15 min, photographed, and counted under a
light microscope (Olympus Life Science, Tokyo,
Japan).

Western blotting

Whole cell lysate was extracted using
radioimmunoprecipitation assay buffer (Beyotime
Biotechnology) containing protease inhibitor (Roche,
Indianapolis, IN, USA). Proteins were electro-
phoresed on 10% sodium dodecyl sulfate

polyacrylamide gels and transferred to polyvinyl-
idene difluoride (PVDF) membranes (MilliporeSigma,
Burlington, MA, USA) following the manufacturer’s
instructions. The PVDF membrane was blocked with
5% milk in Tris-buffered saline and 0.1% Tween for 1
h at room temperature and incubated overnight at 4
°C with the relevant antibodies (HOXB2, FOXO1, and
GAPDH; Cell Signaling Technology, Danvers, MA,
USA). The membranes were rinsed and incubated for
1 h with the corresponding peroxidase-conjugated
secondary antibodies (Abcam, Waltham, MA, USA).
Chemiluminescent detection was performed using an
enhanced chemiluminescence kit (Thermo Fisher
Scientific). Membranes were visualized by using the
ChemiDoc Imaging System (Bio-Rad, Hercules, CA,
USA).

Migration and invasion assays

Briefly, cells were seeded in upper transwell
chambers in a Roswell Park Memorial Institute
(RPMI)-1640 medium containing 10% FBS. After
culturing for 24 h, cells that invaded the lower
transwell chamber were fixed with 4% paraformal-
dehyde and stained with 0.1% crystal violet. The
number of cells in five fields in each well was counted.

Cells were then seeded into 6-well plates at a
density of 1 x 10° cells per well in a RPMI-1640
medium supplemented with 10% FBS. After the cells
reached a confluence of 80%, the cultured monolayers
were mechanically scraped with 200-pl pipette tips
and cultured in the RPMI-1640 medium containing
0.5% FBS for 48 h. Images were captured at 0, 24 and
48 h.

Cell apoptosis

The cells were irradiated with 3-Gy X-ray,
harvested after culture for 24 h, and stained with
annexin V/propidium iodide for 15 min. Apoptosis
was analyzed by flow cytometry (ACEA Biosciences,
San Diego, CA, USA). The terminal deoxynucleotidyl
transferase dUTP nick-end labeling (TUNEL) reaction
mixture was placed in a dark, humid environment at
37 °C for 1h. Finally, 4',6-diamidino-2-phenylindole
(DAPI) was used to simultaneously stain the nuclei.
TUNEL-positive NPC cells were analyzed under a
fluorescence microscope.

Statistical analyses

Statistical analyses were conducted using SPSS
20.0 (IBM, Armonk, NY, USA) and GraphPad Prism
software (version 8.0.1; GraphPad, San Diego, CA,
USA). Values are presented as the mean + standard
deviation from at least three independently
performed experiments. The measurement data were
analyzed by one-way ANOVA or Student’s t-test, p <
0.05 was considered to be statistically significant.
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Figure 1. Bioinformatic identification of DEGs and pathways associated with NPC radioresistance. (A) Volcano plots were used to visualize the DEGs between
radiosensitive and radioresistance NPC samples. (B) Heatmap of the top 30 significantly up- and downregulated DEGs. (C) GO analysis of the categories of biological process
(BP), cellular component (CC) and molecular function (MF) of the DEGs. (D) KEGG analysis of the enriched pathways of DEGs. DEG, differentially expressed gene; GO, Gene
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; NPC, nasopharyngeal carcinoma.

Results

Experimental validation of bioinformatic data

We firstly analyzed the microarray information
of the dataset GSE32389 acquired from the GEO
database and identified 395 upregulated and 425
downregulated DEGs between RSNPC and RRNPC
samples (Fig. 1A). The top 30 up- and downregulated
DEGs were presented in a heatmap (Fig. 1B). To
determine the potential signaling pathway regulating
the radio-responsiveness of NPC, we performed GO
(Fig. 1C) and KEGG (Fig. 1D) analyses of the DEGs.
The GO results indicated that the significantly
enriched terms were mainly involved in nuclear
lumen, protein binding and organonitrogen
compound metabolic process. Furthermore, KEGG
enrichment analysis showed that signaling pathways

potentially contributed to radioresistance in NPC,
including the FOXO signaling pathway, tuberculosis,
and Human T-cell leukemia virus 1 infection.

As shown in Figure 1A, HOXB2 was 3.5 times
more expressed in the RRNPC than RSNPC samples.
We verified the expression pf HOXB2 in samples from
patients with NPC using IHC. Representative IHC
images showed that HOXB2 protein levels were
higher in NPC tissues than in chronic nasopharyngitis
(Fig. 2A).

Taken together, HOXB2 could be considered as
potential promoter gene in regulating NPC
progression and radioreistance.

Effects of HOXB2 on viability and motility in
NPC cell lines

To illustrated the biological functions of HOXB2
in NPC, CNE1 and HONET1 cells stably overexpressed
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(HOXB2-OE) and knocked down HOXB2 (HOXB2-sh)
were established. The CCK-8 assay results (Fig. 3A)
showed that HOXB2-OE markedly promoted NPC
cell proliferation, whereas HOXB2 inhibition
significantly attenuated cell viability compared with
that of the negative control (NC) cells after 24h and
48h (p < 0.05). These findings were consistent with the
colony formation results (Fig. 3B), which indicated
that the number of colonies of HOXB2-OE NPC cells
were significantly increased (p < 0.05). In contrast, the
number of colonies of HOXB2-sh NPC cells was
significantly reduced compared with that of the NC
cells (p < 0.05).

The impact of HOXB2 on cell migration and
invasion was detected using transwell and wound
healing assays (Fig. 3C, D). HOXB2-OE significantly
enhanced cell migration and invasion, whereas
knockdown of HOXB2 resulted in all NPC cell lines
displaying reduced invasion and migration abilities.

Collectively, these results indicated that HOXB2
stimulates cell viability, colony formation, migration,
and invasion in NPC cells.

HOXB2 was associated with radiation-induced
apoptosis in NPC cells

Apoptosis is a critical cellular response to
radiotherapy. To illustrate the role of HOXB2 in
regulating radioresistance in NPC, flow cytometry
and TUNEL assays were performed to detect
apoptosis induced by irradiation with 3 Gy after 24 h.
In the CNE-1 cells, the apoptosis rates of the NC,

A

HOXB2-sh, and HOXB2-OE groups after receiving
irradiation treatment were 28.58%, 81.8% and 6.7%,
respectively (p < 0.001). Similar results were observed
in the HONE-1 groups (p < 0.001) (Fig. 4A). Moreover,
we found that the number of TUNEL-positive NPC
cells was higher in the HOXB2-sh group than in the
NC group, whereas the opposite trend was observed
in HOXB2-OE group (Fig. 4B).

In summary, HOXB2 suppressed radiation-
induced apoptosis and consequently promoted
radioresistance in NPC cells.

FOXOI1 overexpression reversed viability and
motility functions in HOXB2-OE NPC cell
lines

To ascertain whether the FOXO signaling
pathway is involved in regulating NPC progression,
we performed western blotting analysis to determine
the FOXO1 expression after HOXB2-OE transfection
in NPC cells. These results indicated that HOXB2-OE
inhibited FOXO1 expression in NPC cells (Fig. 5E).
Similarly, the CCKS8 results showed that the
proliferation ability of FOXO1-OE NPC cells was
significantly lower than that of vector-NC cells
(» <0.001, Fig. 5A). The number of FOXO1-OE NPC
cell colonies was also significantly decreased
(»<0.001, Fig. 5B). Furthermore, transwell
wound-healing assays indicated that FOXO1-OE led
to diminished invasion and migration abilities of all
NPC cell lines (p < 0.001, Fig. 5C, D).
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To verified this mechanism, we co-transfected
NPC cells with FOXO1-OE and HOXB2-OE. The
rescue experiments confirmed that overexpression of
FOXOL1 abolished the HOXB2-induced stimulation of
proliferation and migration in NPC (p < 0.001) (Fig. 5).

Collectively, these results indicated that HOXB2
promoted NPC progression by regulating FOXO1
expression.

FOXO1 overexpression suppressed
HOXB2-mediated radioresistance by
influencing apoptosis after irradiation

To verify the effect of the HOXB2/FOXO1
interaction on NPC cell radioresistance, we further
explored whether FOXO1 overexpression could
reverse radiation-induced apoptosis. In CNE1 group,
FOXO1-OE cells presented higher apoptosis rates
than vector-NC cells (51.26% vs. 31.06%, p < 0.001).
The same trend was observed in the HONE-1 group,
suggesting that FOXO1 enhances NPC radiosensi-
tivity. Notably, FOXO1 overexpression attenuated the
effects of HOXB2 in irradiated CNE-1 and HONE-1
cells. Flow cytometry results showed increased
apoptosis of HOXB2-OE + FOXO1-OE co-transfected
cells compared with HOXB2-OE + vector-NC cells (p

< 0.001) (Fig. 6A). Similarly, the number of
TUNEL-positive cells was higher in the HOXB2-OE +
FOXO1-OE group than in the HOXB2-OE +

vector-NC group (Fig. 6B).
These results indicated that NPC radioresistance
was synergistically regulated by HOXB2 and FOXOL.

Discussion

Radiotherapy remains one of the most widely
used and effective clinical methods for treating
tumors. However, intrinsic or acquired radioresis-
tance of tumor cells leads to disease recurrence and
poor survival rates [1920]. Therefore, identifying targets
that improve radiosensitivity may be a promising
strategy against NPC. Based on microarray data
analysis from the GEO database and HOXB2
expression patterns in the clinical experimental
validation, we believe that HOXB2 is a potential target
for regulating the malignant behavior and
radioresistance of NPC. Recent studies suggest that
HOXB2 participates in tumor development and
progression [?1l. For example, Pan et al. demonstrated
that IncRNA RGMB-antisense RNA I promote glioma
progression by increasing HOXB2 expression [22,
Further, Li et al. reported that circ-0001785 regulates
osteosarcoma pathogenesis by upregulating HOXB2
expression [1°l. Another study by Yang et al. revealed
that HOXB2 promoted the proliferation and invasion
of colon cancer cells by increasing the expression of
CCT6A in colon cancer cells %1 Currently, there is a

lack of literature report on the relationship between
HOXB2 and nasopharyngeal carcinoma, as well as its
correlation with HOXB2 and radiotherapy response.
Our results showed that HOXB2-OE enhanced, while
HOXB2-sh reduced the viability and motility of NPC
cells in vitro. Numerous studies have demonstrated
that the inhibition of apoptosis is closely related to
tumor cell radioresistance [?4l. To further elucidate the
role of HOXB2 in NPC cell radiosensitivity, we
performed flow cytometry and TUNEL assays to
detect irradiation-induced apoptosis. HOXB2-sh
predisposed NPC cells to apoptosis, whereas
HOXB2-OE had the opposite effect. These results
demonstrated that HOXB2 not only exhibits
carcinogenic effects in NPC, but also enhances
radioresistance in NPC cell lines.

Multiple signaling pathways are involved in
radiotherapy resistance of NPC including Wnt/p-
catenin, NF-xB, Notch, AKT, etc. [25] However, the
mechanism of NPC radioresistance remains elusive.
KEGG analysis demonstrated that FOXO may be a
potential pathway for regulating NPC radioresis-
tance. Yang et al. performed a KEGG analysis of the
radioresistance of differentially expressed circRNA
target miRNAs and showed that the FOXO signaling
pathway is involved in circRNA function 2. Guo et
al. analyzed DEGs and microRNA from GEO and
identified JUN as a core hub gene in the regulation of
NPC radioresistance by the nucleotide oligomeri-
zation domain (NOD)-like receptor signaling path-
way, interleukin-17 signaling pathway, transforming
growth factor beta signaling pathway, and FOXO
signaling pathway 1. Therefore, we sought to
determine whether HOXB2 regulates NPC progres-
sion and radioresistance via the FOXO signaling
pathway. The transcription factor FOXOL1 acts as a
tumor suppressor, inhibiting the proliferation,
migration, and invasion of various cancers, such as
hepatocellular, lung, prostate, and colon cancer
1172829 By establishing FOXO1-OE NPC cells, we
observed that suppressed proliferation, colony
formation, migration, and invasion in comparison
with vector-NC cells, supporting the anti-neoplastic
action of FOXO1. Moreover, Wang et al. found that
the activation of FOXOl may be a strategy to
overcome radioresistance in bladder cancer [0l
Similarly, Huang et al. observed that human glioma
cell radiosensitivity was enhanced by lipopoly-
saccharide-induced tumor necrosis factor alpha
(LITAF) via the FOXO1 pathway [®1l. In the NPC field,
Li et al. demonstrated that FOXO1 functions as a
tumor suppressor to prevent NPC pathogenesis. The
authors observed that FOXO1 not only controlled
tumor stemness and metastasis, but also sensitized
NPC cells to cisplatin in vitro and in vivo 32,
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Figure 5. FOXOI1 overexpression reduced viability and motility of NPC cells and reversed vial
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ity and motility of HOXB2-OE NPC cells. (A) CCK-8 assays

were utilized to detect the proliferation abilities of NPC cells after 24 h, 48 h and 72 h. (B) Colony-forming ability of NPC cells. (C) Representative images of transwell assays and
quantitative assessment of the number of cells invading the lower chamber. (D) Wound-healing assays were utilized to test wound closure in NPC cells. The wound space was

photographed at 0 and 48h. (E) Western blotting was performed to detect the expression of FOXO1 and

HOXB?2 in transfected NPC cells. CCK-8, Cell-Counting Kit-8;
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Figure 6. FOXOI1 overexpression promoted radiation-induced apoptosis in NPC cell lines and revered radiation-induced apoptosis in HOXB2-OE NPC
cell lines. (A) Flow cytometry was performed to detect the apoptosis rates of NPC cells after transfection. (B) The TUNEL assay showed changes in apoptosis in NPC cell lines
after transfection. FOXO1-OF, forkhead box protein O1 overexpression; HOXB2-OE, homeobox 2 overexpression; HOXB2-OE + FOXOI, co-transfection with HOXB2-OE
and FOXO1-OE in NPC cell lines; NC, negative control; NPC, nasopharyngeal carcinoma; TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling.

Deng et al. found that miR-613 enhances the
radiosensitivity of NPC cells by inhibiting the
downstream signal transducer and activator of
transcription 1 (STAT1)/FOXO1 pathway [®l. In our
study, western blotting results showed that FOXO1
levels were markedly decreased in NPC cells after
HOXB2 overexpression. Overexpression of FOXO1
promoted radiation-induced apoptosis in NPC cells,
supporting the role of FOXO1 in radioresistance. We
co-transfected NPC cells with HOXB2-OE and
FOXO1-OE to assess their joint activity. As expected,
the effects of HOXB2 on NPC progression and

radioresistance were reversed by the FOXO1-OE
vector. Taken together, our findings highlight that
NPC progression and radioresistance are synergis-
tically regulated by HOXB2 and FOXO1.

However, this study had several limitations.
First, we did not confirm the binding relationship
between HOXB2 and FOXO1. Second, we only
conducted functional experiments and relevant
mechanistic studies in NPC cell lines. Therefore, our
findings warrant in vivo validation experiments in
future studies.
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In conclusion, our study provides the first
preliminary evidence that HOXB2 acts as a tumor
promoter in NPC progression and enhances
radioresistance by regulating FOXO1 expression.
Consequently, the HOXB2 inactivation or FOXO1
activation may be potential strategies to inhibit tumor
progression and overcome radioresistance in NPC.

Supplementary Material

Supplementary figure.
https:/ /www.medsci.org/v21p0837s1.pdf
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