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ABSTRACT
Mouse orthotopic xenograft tumor models are commonly employed in studies investigating the mechan
isms underlying the development and progression of tumors and their preclinical treatment. However, 
the unavailability of mature and visualized orthotopic xenograft models of nasopharyngeal carcinoma 
limits the development of treatment strategies for this cancer. The aim of this study was to provide 
a simple and reliable method for building an orthotopic xenograft model of nasopharyngeal carcinoma. 
Human nasopharyngeal carcinoma (C666–1-luc) cells, stably expressing the firefly luciferase gene, were 
injected subcutaneously into the right axilla of BALB/C nude mice. Four weeks later, the resulting 
subcutaneous tumors were cut into small blocks and grafted into the nasopharynx of immunodeficient 
BALB/C nude mice to induce tumor formation. Tumor growth was monitored by bioluminescence 
imaging and small animal magnetic resonance imaging (MRI). The expression of histological and 
immunological antigens associated with orthotopic xenograft nasopharyngeal carcinoma was analyzed 
by tissue section analysis and immunohistochemistry (IHC). A visualized orthotopic xenograft nasophar
yngeal carcinoma model was successfully developed in this study. Luminescence signal detection, micro- 
MRI, and hematoxylin and eosin staining revealed the successful growth of tumors in the nasopharynx of 
the nude mice. Moreover, IHC analysis detected cytokeratin (CK), CK5/6, P40, and P63 expression in the 
orthotopic tumors, consistent with the reported expression of these antigens in human nasopharyngeal 
tumors. This study established a reproducible, visual, and less lethal orthotopic xenograft model of 
nasopharyngeal carcinoma, providing a platform for preclinical research.
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Introduction

Nasopharyngeal carcinoma, one of the most common types of 
head and neck tumors, is a squamous cell carcinoma originat
ing from the epithelium of the nasopharynx and primarily 
located in the roof and anterior wall of the nasopharynx and 
the Rosenmuller fossa.1,2 Globally, approximately 133,000 new 
cases of nasopharyngeal carcinoma were diagnosed in 2020. 
However, this cancer is mainly concentrated in North Africa, 
Southeast Asia, and East Asia, especially China. The global age- 
standardized rate of nasopharyngeal carcinoma was 16/ 
100,000, whereas that in the high-incidence areas of Southern 
China was 20–50/100,000.1–5

The World Health Organization classifies nasopharyngeal 
carcinoma into three histological types: keratinizing squamous 
cell carcinoma (Type I), non-keratinizing squamous cell carci
noma, and basaloid squamous cell carcinoma; non- 
keratinizing nasopharyngeal carcinoma is further divided 
into differentiated (Type II) and undifferentiated (Type III) 
types.1,6,7 In epidemic areas, the majority (>95%) of the naso
pharyngeal carcinomas belong to the Type III category and are 
generally related to Epstein – Barr virus (EBv) infections.1,8,9

Nasopharyngeal cancer is highly sensitive to radiation, with 
radiotherapy (RT) currently considered the most effective treat
ment modality.10,11 The 5-year overall survival (OS) rates for 
patients with Stage I or II nasopharyngeal cancer are high, reach
ing 98% and 92%, respectively.7,12 However, the prognosis of 
patients with Stage III – IVA is poor, with the 5-year OS and 
progression-free survival of patients undergoing concurrent che
moradiotherapy reported as 70.4% and 61.1%, respectively.13 

Local recurrence and distant metastasis are the primary causes 
of treatment failure in nasopharyngeal carcinoma.14 The emer
gence of intensity-modulated radiotherapy (IMRT) provides 
a more conformal dose distribution that releases the concentration 
of the radiation dose in the target area, while reducing the dose in 
the surrounding normal tissues, thus significantly improving the 
treatment outcome of nasopharyngeal carcinoma and reducing 
off-target adverse events associated with radiotherapy.15, 16 

However, 5%–10% of patients with this carcinoma experience 
local recurrence following treatment, and 10%–30% of patients 
have distant metastasis. Therefore, it is necessary to formulate 
individualized and precise systemic treatment plans according to 
the patient’s stage and sensitivity to treatment.
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Although animal models have proven instrumental in the 
investigation of various cancer types, a satisfactory model for 
nasopharyngeal carcinoma is currently lacking. An ideal ani
mal model should mimic the characteristics of the human 
disease as much as possible and exhibit a high success rate 
and reproducibility to facilitate the accurate analysis of the 
disease. Currently, the subcutaneous xenograft model is the 
most commonly employed animal model of nasopharyngeal 
carcinoma.17–19 Although this model is readily established 
with a low associated cost and high tumor formation rate, it 
has some disadvantages. The tumors readily form a capsule, 
develop locally at the site of injection, and rarely metastasize, 
thus restricting the ability to mimic the common characteris
tics of nasopharyngeal carcinoma, which tends to be highly 
aggressive and commonly metastasizes to the liver, lungs, and 
bones.20,21 Furthermore, xenograft tumors are prone to central 
necrosis, which is inconsistent with the clinical manifestations 
of the disease.22,23 As an alternative, an orthotopic xenograft 
model refers to the implantation of human tumor cells into the 
organ of the animal where the disease originates to simulate 
the clinical pathogenesis of the tumor. This model can simu
late interactions between the actual human tumor and the 
microenvironment of the interstitium surrounding the 
organ.24,25 Cancer cell differentiation and morphology reflect 
“active” tumor biological behaviors, including invasion of the 
surrounding tissues and organs and distant metastasis, while 
exhibiting similar treatment sensitivity in clinical settings.26 

The orthotopic xenograft model is commonly used for study
ing the biological behaviors and treatment mechanisms of 
tumors.27 It has been widely applied to investigate the devel
opment, progression, and treatment of various tumors in pre
clinical research.28,29 Although the application of orthotopic 
xenograft tumor models at other sites, such as the liver,30 

prostate,31 and bladder,32 is well established, very few studies 
report their application in nasopharyngeal carcinoma. 
Therefore, the primary aim of the current study was to design 
a murine orthotopic xenograft model of nasopharyngeal car
cinoma with high reproducibility that accurately mimics the 
characteristics of metastasis for wide application in basic and 
clinical research.

Results

High luciferase gene expression in C666–1-luc cells

First, we screened the lentiviral vector C666–1 tumor cells 
carrying the firefly luciferase gene with puromycin several 
times, which grew steadily when the concentration of puro
mycin reached 3 μg/mL. This cell line was designated the 
C666–1-luc cell line. RT-qPCR was used to analyze the expres
sion of the luciferase gene in C666–1 cells infected with the 
virus. The results showed significantly high luciferase gene 
expression in C666–1-luc cells infected by lentivirus (p  
< .0001; Figure 1a).

Figure 1. Establishment of the mouse orthotopic xenograft model of nasopharyngeal carcinoma. (a) the overexpression of luciferase in C666-luc cells was assessed at 
the mRNA level by RT-qPCR (mean ± SD). Student’s t-test, *p < .0001. (b) Comparison of the luminescence intensity between C666–1 and C666–1-luc cells. (c) 
Comparison of the luminescence intensity between mice injected with C666–1 cells and those injected with C666–1-luc cells. (d) The orthotopic xenograft cancer 
model was observed using the small animal in vivo imaging system. Control: images of normal mice. Tumor: mice with nasopharyngeal carcinoma orthotopic xenograft 
model group. (e) Longitudinal quantification of nasopharyngeal carcinoma bioluminescence imaging (BLI) signals of images obtained at various times (mean ± SD).

2 W. CHEN ET AL.



Significant luminescence in C666–1-luc cells in vitro and 
in vivo

C666–1 and C666–1-luc cells were imaged in vitro and in vivo. 
In the in vitro experiments, a significant hyperintense lumi
nescence area was seen in the C666–1-luc cells, but not the 
C666–1 cells (Figure 1b). Three weeks after the subcutaneous 
injection of C666–1-luc cells into the axilla, mice bearing 
subcutaneous tumors were imaged in vivo. The subcutaneous 
tumor areas exhibited a significant hyperintense area, similar 
in size to that of the subcutaneous tumor (Figure 1c).

Successful establishment of the orthotopic xenograft 
nasopharyngeal carcinoma Model

Tissue blocks of C666–1-luc cells expressing luciferase after 
subcutaneous tumor formation were implanted into the naso
pharynx of nude mice to establish an orthotopic xenograft 
nasopharyngeal carcinoma model. The nude mice were 
scanned on an IVIS Lumina XRMS Serie III imaging system 
1 week post-surgery for 5 weeks.

After the tumor was grafted into the nasopharynx of the 
nude mice, bioluminescence imaging (BLI) revealed a strong 
and stable high luminescence intensity in the tumor area 
within the nasopharynx. The hyperintense area representing 
the tumor increased with time, indicating its growth in the 
nasopharynx of the nude mice (Figure 1d). Further longitudi
nal quantification of nasopharyngeal cancer BLI signals 
obtained through region of interest (ROI) analysis at different 
time points. The result indicated that the BLI signal of naso
pharyngeal carcinoma increased over time, suggesting contin
uous tumor growth (Figure 1e). A total of 40 mice were used in 
this study, with 20 allocated to the control group and 20 to the 
experimental group. After tumor implantation, all 20 mice in 
each group survived, with no deaths recorded during surgery 
or on the following day. However, at the end of the experi
ment, two mice died after a negligible amount of luminescence 
was observed in the experimental group, resulting in 18 mice 
in that group and 20 in the control group. Sixteen mice showed 
tumor growth, and four mice consistently failed to show lumi
nescence in live imaging throughout the experiment, and no 
tumor growth was confirmed by H&E at the end of the experi
ment. The tumor growth rate was 80%.

Prominent tumor nodules detected by micro-MRI

Four weeks after tumor implantation, T2-weighted images in 
the sagittal and coronal planes revealed a prominent tumor 
nodule in the nasopharynx of the mice, presenting as 
a moderately hyperintense area relative to the nearby muscular 
and skeletal tissues, with unclear boundaries between the 
nodule and the surrounding tissues. The tumor size was mea
sured in the maximum sagittal plane of the nasopharyngeal 
tumor, the length of which was approximately 3.90 mm, and 
the short diameter was ~2.42 mm (Figure 2a). Within the liver 
region, multiple metastatic foci exhibited high-density sha
dows with blurred boundaries, causing constriction of the 
liver tissues surrounding the nodules. All other liver tissues 
were normal in structure. The largest liver tumor nodule in the 

maximum sagittal plane of the liver metastasis was approxi
mately 2.39 mm long and 2.32 mm in short diameter 
(Figure 2b).

Histopathological and immunohistochemical analyses 
confirm tumor characteristics

H&E staining and immunohistochemistry confirmed the 
development of tumors in the nasopharynx (Figure 3a). 
Normal 8-week-old mice were used as negative controls. The 
nasal mucosal epithelium in the normal mouse was typically 
arranged without degeneration, necrosis, interstitial blood ves
sel expansion, inflammation, or tumor cells. In contrast, the 
tumor-bearing mice exhibited a significant mass in the naso
pharynx, presenting as poorly differentiated squamous cell 
carcinoma, lacking an intercellular bridge, and showing abnor
mal keratinization and necrotic areas, with significantly atypi
cal nuclei and cytoplasm and abnormal mitosis. Spindle cells 
predominated the tissue, and invasive growth destroyed nor
mal muscle tissue and bone structure. Immunohistochemical 
analysis revealed the presence of CK, CK5/6, P40, and P63 in 
the primary tumor areas of tumor-bearing mice, with the 
number of proliferating cells significantly increased; conver
sely, no CK-, CK5/6-, P40-, and P63-positive staining was seen 
in the normal group (Figure 3b-e).

Several areas of metastases of varying sizes were observed in 
the mouse livers. In the experimental group, six mice had 
metastasis in the liver (rate, 30%), but no metastasis was 
detected in other regions. The livers of mice in the control 
group had neatly arranged hepatocyte cords with clearly visible 
hepatic sinusoids and central veins. No dilation or hyperplasia 
was detected in the interlobular arteries and veins or interlob
ular bile ducts in the portal area. In contrast, the hepatic plate 
and structure of the liver had disappeared in mice with liver 
metastases; atypical cells with poorly differentiated growth 
were seen, and the hepatic lobule structure was present in the 
tissues surrounding the tumor (Figure 4a,b).

Discussion

Progressive advances have been made in research on the pro
gression of nasopharyngeal carcinoma, mechanisms of its pro
gression, and treatment options. However, establishing 
a mouse orthotopic xenograft model of nasopharyngeal carci
noma that closely reflects the disease in clinical settings is of 
far-reaching significance to the continued research on naso
pharyngeal carcinoma. In this study, we successfully estab
lished a dynamic observation orthotopic xenograft model of 
nasopharyngeal carcinoma, which facilitates the monitoring of 
the biological behaviors of the early-stage disease and the 
evaluation of the efficacies of radiotherapy, chemotherapy, 
and biologically targeted therapy. Hence, this new model has 
the potential to advance investigations on the therapeutic 
mechanisms associated with the treatment of nasopharyngeal 
carcinoma; in addition, it can aid in diagnostic imaging, inter
ventional radiotherapy, and the targeted distribution of drugs 
in patients with this cancer.

C666–1-luc cells capable of persistently expressing lucifer
ase were established by applying the lentivirus technology to 
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infect cells with viral vectors carrying the luciferase gene. 
Fluorescence images were captured by the highly sensitive 
in vivo charge-coupled device detection system when fluores
cence was emitted after the injection of excessive fluorescein 
into the mice.33 This method can be used to observe the 
biological behaviors of tumor growth, including invasion and 
metastasis, in a noninvasive manner and in real time.33 

Bioluminescence has low background noise and high sensitiv
ity, without the need for exogenous excitation light, thus 
avoiding damage to normal cells in vivo during imaging. 
Hence, this mouse model allows for the monitoring and pre
diction of the progression of tumors in real-time and over the 
long term.34–36

Animal models have long been available for developing tumors 
in various organs, including the lungs.37–39 pancreas,40–42 and 
thyroid,43,44 via injection of tumor cell suspensions into the ortho
topic organs. Orthotopic xenograft models of these organs were 
developed early and rapidly and have been widely used in tumor 
biology and treatment research. Liu et al.45 established nasophar
yngeal carcinoma cells stably expressing GFP and injected them 
orthotopically into the nasopharynx to form tumors; however, the 
model exhibited poor reproducibility. Likewise, Smith46 used 
nasopharyngeal carcinoma cells stably expressing luciferase to 
establish an orthotopic xenograft model of nasopharyngeal carci
noma; however, they injected the C666–1 cell suspension into the 
nasopharynx of mice to form tumors. The hollow nature of the 

nasopharyngeal cavity makes it challenging to ensure that the 
liquid tumor cell suspension remains in the nasopharynx. 
Moreover, the cell suspensions can readily cause asphyxia, 
tumor spread, and even implantation metastasis to other sites, 
which may account, in part, for not being typically injected ortho
topically into the nasopharynx for tumor formation. As an alter
native, researchers often induce subcutaneous tumor formation to 
study the preclinical treatment schemes. For example, Qiuxia 
et al.47 studied the effect of apatinib in a mouse subcutaneous 
tumor-bearing model of nasopharyngeal carcinoma. Likewise, to 
investigate the effect of a cyclin-dependent kinase inhibitor 
(Palbociclib) on mouse nasopharyngeal carcinoma, Hsu48 col
lected tumor tissues from clinical patients to establish a mouse 
patient-derived xenograft (PDX) model by subcutaneous implan
tation into the flanks of mice. However, in subcutaneous tumor 
models, the tumor readily forms a capsule, grows locally, and 
rarely metastasizes,49 thus limiting their capacity to demonstrate 
the characteristics of nasopharyngeal carcinoma, which tends to 
be highly aggressive and metastasizes to the liver, lungs, and 
bones.50 Hence, orthotopic animal models of nasopharyngeal 
carcinoma require further investigation and improvement.

The tumor formation technique was improved in the 
present study by injecting the cell suspension subcutaneously 
and obtaining tissue blocks to orthotopically implant the 
tumor into the nasopharynx using biological glue. This 
method improved the tumor formation rate, reduced 

Figure 2. Prominent tumor nodules detected by micro-MRI. (a) micro-MRI of mice. Control: sagittal micro-MRI image of the nasopharynx of a normal mouse. Tumor: 
Coronal/sagittal micro-MRI image of the nasopharyngeal carcinoma. (b) Sagittal micro-MRI image of the mouse liver. Control: image of a section of the liver in a normal 
mouse. Tumor: liver of a mouse with nasopharyngeal carcinoma metastasis.
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surgical mortality, and successfully established a mouse 
orthotopic xenograft model of nasopharyngeal carcinoma 
with good reproducibility. In vivo imaging technology was 
used to monitor tumor growth, while molecular biological 
techniques, such as tissue section staining and immunohis
tochemistry, were used to verify the tumor characteristics. 
This model lays the foundation for research on the patho
genesis and treatment of nasopharyngeal carcinoma and the 
subsequent establishment of PDX models for the individua
lized treatment of tumor patients. Specifically, this model 
closely reflects the invasion and metastatic characteristics 
of tumors, provides a good platform for research on naso
pharyngeal carcinoma, and is more conducive to preclinical 
research than other tumor models.

The anatomy of the nasopharynx is complex. Early clinical 
symptoms of nasopharyngeal carcinoma are not typically 

detected, and local invasions, such as skull base bone destruc
tion, cavernous sinus invasion, and regular station-by-station 
cervical lymph node metastasis from top to bottom, can 
quickly occur; thus, the surgical resection of nasopharyngeal 
carcinoma is challenging.51 The histological classification of 
nasopharyngeal carcinoma includes poorly differentiated or 
undifferentiated carcinoma, which is sensitive to radiotherapy. 
With the popularization of intensity-modulated radiotherapy 
and the application of a comprehensive treatment, the local 
control rate of this disease in humans is > 90%, with a 5-year 
survival rate of 70%–80%.13,52 The demand for precise radio
therapy is increasingly important due to the extended survival 
time. The development of animal models promotes basic 
research on nasopharyngeal carcinoma and allows clinical 
translation and application. The current study has made inno
vative modifications to previous animal models, resulting in 

Figure 3. The tissue structure and immunohistochemical staining of the nasopharynx. (a) H&E images showed that the nasal mucosal epithelium of the normal mouse 
was typically arranged without degeneration, necrosis, interstitial blood vessel expansion, inflammation, or tumor cells. The tumor-bearing mice exhibited a significant 
mass in the nasopharynx, presenting as a poorly differentiated squamous cell carcinoma, lacking an intercellular bridge, and showing abnormal keratinization and 
necrotic areas, with significantly atypical nuclei and cytoplasm and abnormal mitosis. Spindle cells predominated the tissue, and invasive growth destroyed the normal 
muscle tissue and bone structure. (b-e) the nasopharynx of mice in the normal group were immune-negative for CK, CK5/6, P40, and P63. In the tumor-bearing mice, 
the primary tumor areas were positive for CK5/6 (10%), P40 (90%), CK (5%), and P63 (90%), with a significant increase in the number of proliferating cells. 
Magnification: 20×, 40 ×.

Figure 4. Gross (a) and histomorphological (b) comparisons of the mouse liver. (a) gross photograph of a normal mouse liver (control). Gross image of the liver tissue 
from a mouse with liver metastasis of nasopharyngeal carcinoma (tumor). (b) Control: H&E staining of a normal mouse liver. Tumor: H&E staining image of mouse with 
liver metastasis. Magnification: 20×, 40 ×. The arrow indicates the tumor site.
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a simple, readily produced model with stable biological char
acteristics that closely reflect the disease course observed in 
human nasopharyngeal carcinoma. In particular, the naso
pharyngeal masses, structures inside and outside the cavity, 
and the relationship with surrounding tissues can be clearly 
observed via MRI, thus providing imaging evidence.

However, this new model has some limitations. First, distant 
metastasis could not be observed on the in vivo imaging system, 
possibly due to the small liver metastasis volumes below the 
detection limit. Second, traditional tumor cell suspension was 

used to form the tumors rather than tumor tissues from clinical 
patients; hence, the model does not account for the individual 
heterogeneity associated with clinical cases. In addition, while our 
study found that tumors can be orthogonalized xenografts in the 
nasal region, the model may be suitable for radiation analysis in 
NPC, such as target volume delineation and dose distribution in 
normal tissue. Finally, this study focuses primarily on the estab
lishment and validation of the orthotopic xenograft model, and 
a comparative analysis between the orthotopic xenograft and 
subcutaneous xenograft models has not been conducted. Such 

Figure 5. Schematic diagram depicting the steps in establishing an orthotopic xenograft model of nasopharyngeal carcinoma.

Figure 6. Anatomical schematic of the orthotopic xenograft model of nasopharyngeal carcinoma. (a) A tumor tissue block (1 × 1 × 1 mm) was inserted into the trocar 
and passed through the soft palate to access a position inclined to the left or right. (b) After sensing the emptiness, the nasopharynx of the nude mouse was slightly 
torn by picking, and the nasopharyngeal carcinoma tissue block in the cannula was pushed forward with the needle core. (c) The needle core was withdrawn. (d) An 
adequate amount of tissue adhesive was used to bond the inoculation port with the nasopharyngeal carcinoma tumor mass through the cannula. (e) The trocar was 
pulled out. (f) An adequate amount of tissue adhesive was used to adhere the bleeding point on the palate for hemostasis.
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a comparative study could provide a more comprehensive under
standing of the differences and similarities between the two 
models. This would offer valuable insights into how the tumor 
microenvironment influences tumor growth, metastasis, and 
response to treatment. Future work will include the establishment 
of a more intuitive and accurate PDX model of nasopharyngeal 
carcinoma using tumor tissue blocks from patients to better 
reflect the individualized clinical metastasis and disease progres
sion process. And more about the application value of this model.

Conclusion

This study presents an ideal experimental animal model of 
human nasopharyngeal carcinoma with significant potential 
for application in research related to the growth, metastasis, 
prevention, and treatment of nasopharyngeal carcinoma, as 
well as the radiotherapy dose fractionation and drug screening 
for effective therapeutics.

Materials and methods

Cell culture

The Epstein – Barr virus (EBv)-positive human nasopharyn
geal carcinoma cell line C666–153 was donated by the 
Radiation Tumor Treatment Center of the First Affiliated 
Hospital of Guangxi Medical University. All cells were cul
tured in a humidified incubator at 37°C with 5% CO2 in RPMI 
medium (RPMI 1640 Medium; Gibco, CA, USA) supplemen
ted with 10% fetal bovine serum (Gibco, CA, USA), 100 U/mL 
penicillin, and 50 µg/mL streptomycin (Gibco, CA, USA). Cell 
short tandem repeats analysis was performed to verify the 
characteristics of the cell line before use.

Establishment of cells stably expressing luciferase 
C666–1-luc

Lentiviral vectors expressing the firefly luciferase gene were 
purchased from Gikai Gene (Shanghai, China). Cells stably 
expressing luciferase C666–1-luc were obtained by transfecting 
the parent C666–1 cells with lentivirus carrying the firefly 
luciferase protein gene. At 5 days after infection, the C666– 
1-luc cells were selected by adding high-concentration puro
mycin (3 μg/mL; Gibco, CA, USA) to the cell culture for one 
week, after which screening was continued at a concentration 
of 1.5 μg/mL.

Verification of stably expressed luciferase

We confirmed luciferase expression in C666–1-luc cells by 
reverse transcriptase-quantitative polymerase chain reaction 
(RT-qPCR). Total RNA was isolated from C666–1 and 
C666–1-luc cells, and the RNA was reverse transcribed into 
cDNA by MonScript™ 5 × RTIII All-in-One Mix kit (Monad 
China). RT-qPCR was performed using the CFX96TouchTM 
system (Bio-Rad, Hercules, CA, USA) and the Monad 
MonAmp™ SYBR® Green qPCR Mix reverse transcription kit 
(Monad China). The fold change values of luciferase gene 
expression in the C666–1-luc cells and negative control 

C666–1 cells were calculated using the 2−ΔΔCt method. Three 
replicates were performed for each cDNA sample. β-actin 
(ACTB) was used as the internal reference. The luciferase 
primers were synthesized by Tsingke (Guangzhou, China), 
while those of β-actin were synthesized by Takara Bio (San 
Francisco, CA). The primer sequences were as follows: lucifer
ase, F 5ʹ-ATCAAAGAGGCGAACTGTGTGT −3ʹ and R 5ʹ- 
CGTCGAAGATGTTGGGGTG-3ʹ; β-actin, F 5ʹ-TGGCACC 
CAGCACAATGAA-3ʹ and R 5ʹ-CTAAGTCATAGTCCG 
CCTAGAAGCA-3ʹ.

Additionally, in vitro imaging of the cells was performed. 
The screened C666–1-luc cells (which exhibited stable growth) 
and the parent cells were inoculated in 3.5 cm dishes, and 1 mL 
of D-fluorescein (20 mg/mL) was added to each dish. The cells 
were evaluated using the IVIS imaging system and quantified 
according to the manufacturer’s instructions (PerkinElmer, 
China). The experiment was performed in triplicate.

Mice

Immunodeficient male BALB/C nude mice (4–6 weeks old; 
12–15 g) were purchased from the Animal Experiment 
Centre of Guangxi Medical University. The mice were raised 
under specific pathogen-free (SPF) conditions and according 
to the protocol approved by the Animal Ethics Committee of 
Guangxi Medical University (201910032).

Establishment of the orthotopic xenograft Model

C666–1-luc cells (1 × 107 cells in 0.1 mL phosphate-buffered 
saline [PBS]) were subcutaneously injected into the right 
axilla of nude mice. The subcutaneous tumor was excised 
when the maximum diameter reached 8 mm. After remov
ing the tissues at the outermost edge and the most central 
portion, the remaining tumor tissue was cut into blocks, 
each measuring approximately 1 mm3, and transplanted 
into the nasopharynx of the mice. The transplantation was 
performed as follows: 20 g/L pentobarbital sodium was used 
for intraperitoneal anesthesia (0.04 mL/g body weight); the 
mice were fixed on the experiment board in the supine 
position; a small tissue block was fixed on the puncture 
needle, and the mouth of the mouse was opened; the needle 
was inserted 5 mm inferior to the white line of the mouth at 
the junction of the hard and soft palate, and the tumor was 
implanted through the mucosa at the puncture point; 3 M 
Vetbond Tissue Adhesive animal tissue glue was applied 
dropwise to the puncture site to fix the implanted tissue. 
The total surgical time was approximately 5 min. No bleed
ing or tissue block prolapse was observed at the puncture 
point after the operation. After the mice awoke from 
anesthesia, they were returned to clean EVC cages, provided 
with clean feed and autoclaved water, and placed in an SPF 
environment for continuous feeding. The mice remained 
unfed for 12 h after surgery but had ad libitum access to 
water. The sterilized bedding, feed, and water were replaced 
every 3 days, and the living conditions, physical condition, 
and tumor growth were assessed daily. Figures 5 and 6 
provide a detailed description of the experimental process 
and tumor implantation site.
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Bioluminescence imaging

Bioluminescence imaging was performed one week after the 
subcutaneous and nasopharyngeal tumor implantation to ver
ify the luminescence of the C666–1-luc cells and the growth of 
transplanted tumors in the mice. The growth rate and tumor 
size were monitored using a small animal in vivo imaging 
system twice weekly for five weeks. Briefly, each mouse was 
injected intraperitoneally with luciferase substrate D-luciferin 
(USA, sigma) at a dose of 150 mg/kg54,55 dissolved in sterile 
isotonic saline. At 15 min after the injection of D-luciferin, the 
mice were anesthetized with isoflurane gas (Shenzhen, China), 
which was maintained for the duration of the image acquisi
tion process. Image acquisition was performed on the IVIS 
Lumina XRMS Series III imaging system (PerkinElmer, China) 
using the Living Image software (Caliper Life Sciences, 
Hopkinton, MA, USA). For the quantification of tumor 
growth kinetics, the BLI signal was measured at various time 
points. The ROI analysis was conducted to quantify the BLI 
signal in photons per second (p/s).

Magnetic resonance imaging (MRI)

A 7.0 T micro-MRI system with a four-channel phased array 
surface coil (Bruker, Pharmacann) was used to perform micro- 
MRI scans of the nasopharyngeal carcinoma in the mice and 
record the tumor locations and measurements. During exam
ination, the mice were fixed on the scaffold in the prone position 
and anesthetized with 1.5% isoflurane. All images were acquired 
in the transverse plane using the TurboRARE-T2 weighted 
sequence (repetition time msec/echo time msec, 3000/45; one 
signal acquired; matrix of 256 × 256 applied with a section thick
ness of 1 mm; and a flip angle of 180°). The field of view was 
20 × 16 mm, with 13 layers and a maximum resolution of 62 µm.

Histological evaluation and immunohistochemistry

The mice were euthanized after in vivo imaging and micro- 
MRI imaging. The head and liver tissues of the mice were 
completely removed, fixed with 4% paraformaldehyde for 24  
h, and then embedded in paraffin blocks (the head tissues 
were subjected to bone decalcification with EDTA for more 
than 4 weeks). The paraffin blocks were cut into 4-μm-thick 
continuous sections, and some were stained with hematox
ylin and eosin (H&E). The pathological features of the tis
sues were observed by light microscopy to confirm the 
presence of nasopharyngeal tumors and liver metastases, as 
well as the pathological type and invasion scope of the 
tumor. Some sections were stained with CK (Leica, Cat# 
NCL-AE1/AE3), CK5/6 (Leica, Cat# NCL-L-CK5/6), P40 
(CELNOVTE, Cat# CPM-0133), and P63 (DAKO, Cat# 
M7317) for immunohistochemical analysis. After dewaxing 
and hydration, the sections were soaked in 0.01 M citrate 
buffer, heated, and incubated at 95 °C–98°C for 10 min. The 
sections were then slowly cooled to room temperature, incu
bated with an endogenous peroxidase blocker at 37°C for 10  
min, and blocked with 5% BSA at 37°C for 30 min. The 
primary antibodies were diluted with antibody dilution buf
fer containing 1% bovine serum albumin and 0.3% Triton 

X-100 in 1X PBS, and the slides were incubated at 4°C 
overnight. Following restoration to room temperature, the 
slides were washed with PBS thrice, incubated with 
a secondary antibody (Leica, Cat# RE7280-K) at room tem
perature in the dark for 1 h, stained with DAB and hema
toxylin, and gently washed in water for 10 min. The slides 
were sealed with neutral resin after being soaked in xylene 
for 5 minutes. After staining, the local morphological char
acteristics of the tumor cells were observed under an 
inverted microscope, and images were captured with 
a NanoZoomer S60 (Hamamatsu, Japan) digital slice scan
ner. The gross features, location, and invasive properties of 
the local tumor were comprehensively observed, and images 
were analyzed using the NDP View 2 software.

Statistical analysis

All data are expressed as mean ± standard deviation (SD). 
Students’ t-tests were used to compare inter-group differences. 
All analyses were carried out using the GraphPad Prism soft
ware (Version 6.01, USA), and the results were considered 
statistically significant when the P-value was < 0.05.
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