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Abstract
Background: Tongue cancer is the most common malignant tumor 
in the oral and maxillofacial region. Novel effective therapies 
are urgently needed. Apatinib, a small-molecule antiangiogenic 
tyrosine kinase inhibitor, has demonstrated efficacy in gastric 
cancer, but its role in tongue cancer remains unclear. This study 
evaluated the antitumor effects and mechanisms of apatinib using 
patient-derived xenograft (PDX) models of tongue cancer.
Methods: Fresh tumor tissues from two tongue cancer patients 
(Affiliated Stomatological Hospital of Nanchang University, 
2019-2021) were subcutaneously inoculated into immunodeficient 
mice to establish PDX models, validated by histology and 
human-specific gene identification. Eighteen P4-generation 
PDX mice were randomized into three groups (*n*=6/group): 
Control: 100 μL/day saline (oral gavage), Cisplatin: 5 mg/Kg/
week (intraperitoneal injection), Apatinib: 100 mg/Kg/day (oral 
gavage). After 21 days of treatment, tumor volume/weight was 
measured. Immunohistochemistry (IHC) assessed microvessel 
density (MVD, via CD31) and cell proliferation (Ki-67). Data 
were analyzed by one-way ANOVA with Tukey’s post hoc test.
Results: Apatinib significantly inhibited tumor growth, reducing 
tumor weight (0.21±0.07 g vs. Control 0.93±0.30 g, P=0.036) 
and volume (211.32±166.38 mm³ vs. Control 800.98±581.05 
mm³, P=0.0002). IHC revealed decreased MVD (0.88±0.07 
vs. Control 4.30±0.34, P=0.0192) and Ki-67-positive cells 
(2.75%±0.28% vs. Control 32.05%±4.34%, P=0.047), indicating 
suppressed angiogenesis and proliferation. Mouse body weight 
remained stable, suggesting minimal toxicity.
Conclusion: Our findings revealed that apatinib significantly 
suppressed tumor growth in these models, accompanied by a 
reduction in tumor microvascular density and Ki-67 expression, 
indicating its potential mechanism of action through inhibiting 
angiogenesis and tumor cell proliferation. These findings support 
its potential as a targeted therapy for tongue cancer and highlight 
the utility of PDX models for preclinical drug evaluation. Further 
studies with larger cohorts are warranted to validate these results.
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What’s Known

•	 Patient-derived xenograft can 
reproduce the histological characteristics, 
tumor specificity, and tumor growth 
microenvironment of the primary tumor.
•	 Apatinib is a VEGFR-2 inhibitor that 
exhibits antitumor efficacy in advanced 
gastric cancer by suppressing angiogenesis.

What’s New

•	 A critical component of our study 
involved the establishment of parallel 
patient-derived xenograft (PDX) models 
for non-keratinizing and keratinizing 
tongue squamous cell carcinomas. We 
assessed the efficacy of apatinib in these 
two distinct histological subtypes.
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Introduction
Tongue cancer is the most common malignant tumor in the oral and 
maxillofacial region.1 It has a high incidence, poor clinical treatment 
efficacy, and a low patient survival rate.2 Given the lack of robust 
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pre-clinical research models, investigations into 
the pathogenesis and therapeutic methods of 
tongue cancer are progressing slowly. New and 
effective treatment methods for use in clinical 
settings are urgently needed. 

Patient-derived xenograft (PDX) models 
are animal models where the fresh tumor cells 
or tissues of patients are directly transplanted 
into immunodeficient mice orthotopically or 
ectopically; they rely on the mice to provide the 
environment for growth.3, 4 These models retain 
the microenvironment and histopathological and 
genetic characteristics of primary tumors, and 
they can be used to screen anticancer drugs 
and predict clinical efficacy.5

Apatinib is a small-molecule antiangiogenic 
targeted drug developed independently 
in China.6 It is the first drug that has been 
proven to be safe and effective in patients with 
advanced gastric cancer worldwide.7-9 Beyond 
gastric cancer, emerging evidence suggests 
that apatinib may hold therapeutic potential 
in other head and neck malignancies.10 While 
there have been initial investigations into the 
use of apatinib in the broader context of oral 
squamous cell carcinoma, such as a pilot 
study exploring the neoadjuvant combination 
of anti-PD-1 camrelizumab and the VEGFR2 
inhibitor apatinib for locally advanced 
resectable oral squamous cell carcinoma.11 
However, studies specifically focusing on the 
treatment of tongue cancer are still limited, 
particularly regarding its efficacy in different 
histological subtypes of tongue squamous  
cell carcinoma.

This study aims to investigate the antitumor 
efficacy of apatinib in tongue cancer and 
uncover its underlying mechanisms through 
newly established patient-derived xenograft 
(PDX) models.

Materials and Methods

Tumor Samples
The fresh tumor samples were surgically 

removed from patients with tongue cancer at the 
Affiliated Stomatological Hospital of Nanchang 
University in 2019-2021 (figure 1). The first 
patient (No. 1) was a 74-year-old male with 
a pathologist’s diagnosis of non-keratinizing 
squamous cell carcinoma of the tongue. The 
second patient (No. 2) was a 55-year-old male 
with a diagnosis of squamous carcinoma of the 
tongue. The patients signed informed consent, 
and the study was approved by the Ethics 
Committee of the Affiliated Stomatological 
Hospital of Nanchang University (Permit No. 
2021068). Samples were quickly put into DMEM 
High Glucose Medium (Beyotime Biotechnology, 
Shanghai, China), and sent to the laboratory 
within 4 h at low temperature (2-8 °C). 

Laboratory Animals
Female Balb/c nude mice (GemPharmatech 

Co., Ltd., Nanjing, Jiangsu, China) aged 6-8 weeks 
were selected. The mice were cared for according 
to the institutional guidelines for animal care. Mice 
were fed commercial mouse diet food with a 12-hour 
light-dark cycle under specific pathogen-free (SPF) 
conditions. Animal studies were approved by the 
Institutional Animal Care and Use Committee 
of Nanchang Royo Biotech Co., Ltd (Permit No. 
RYE2021020501). Standard animal care and 
laboratory guidelines are based on “Guidelines for 
the Care and Use of Laboratory Animals” (National 
Research Council, 8th edition, 2011).

Construction of PDX Models of Tongue Cancer
The fresh tumor tissue of tongue cancer was 

divided into 2×2×2 mm micro tissue blocks, then 
they were inoculated subcutaneously on the 

Figure 1: (A) Axial contrast-enhanced computed tomography (CT) image of Patient No. 1 (74-year-old male) demonstrates a 
solid, ill-defined mass (arrow) located at the left margin of the tongue. The lesion has invaded and destroyed the adjacent left 
alveolar bone. (B) Macroscopic photograph of the surgically resected tongue cancer specimen fromPatient No. 1 (74-year-
old male). The specimen shows the gross morphology of the primary tumor tissue used for establishing the patient-derived 
xenograft (PDX) models.
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mouse scapula with a trocar after administration 
of local anesthesia aseptically within <24 h. This 
sample was recorded as generation P0. When 
the tumor tissue had grown to 1000–1500 mm³, it 
was removed and passaged to P1–P4 using the 
same method. Eighteen P4 generation of PDX 
mice were used for subsequent experiments. 

Hematoxylin–eosin (H&E) Staining
The tumor tissues of patients and PDX models 

were fixed in formalin, embedded in paraffin, cut 
into 4 μm paraffin sections, and stained with 
H&E by using an automatic slide stainer Dp360 
(Dakewe, Dp360, Guangdong, China).

Polymerase Chain Reaction (PCR) 
DNA from PDX model tissues and patients 

was extracted using DNeasy Blood & Tissue 
Kit (Qiagen #69504, Germany). Two pairs of 
human and mouse gene-specific primers were 
designed according to the housekeeping genes 
of humans and mice.12 The extracted sample 
was amplified by PCR. 

Drug Sensitivity of PDX Models  
Eighteen P4 generation mice were randomly 

divided into three groups (n=6): 1) Control group: 
100 μL/day normal saline, once a day, orally; 2) 
Cisplatin (Haosen, Jiangsu, China) group: 5 mg/Kg,  
once a week, intraperitoneal injection; and 
3) Apatinib (Hengrui, Jiangsu, China) group:  
100 mg/Kg,13 once a day, orally. The tumor 
volume and weight of mice were observed every 
3 days. After 21 days of drug intervention, the 
mice were sacrificed, and the tumor tissues 
were stripped and weighed. 

Immunohistochemical (IHC) Staining
Tissue samples of the PDX model were stained 

with anti-CD31 antibodies (MXB Biotechnologies, 
Fuzhou, China) to evaluate microvascular density 
(MVD) in the tumor and with anti-Ki67 antibodies 
(MXB Biotechnologies, Fuzhou, China) to calculate 
the tumor proliferation index. Single endothelial 
cells or a cluster of cells positive for CD31 were 
considered a vessel. For each specimen, the 
area with the largest number of microvessels was 
selected. The MVD was determined as follows:

For Ki-67 analysis, the positive cell rate was 
calculated as the ratio of the number of positive 
cells to the number of total cells.14

Statistical Analysis
The Statistical Package for the Social 

Sciences (SPSS) (version 22.0, IBM, Armonk, 

New York, USA) and GraphPad Prism software 
(version 9.0, GraphPad Software, Inc., San Diego, 
California, USA) were used for data analysis. 
The results were expressed as mean±SD. 
Multi-group comparison was performed using 
one-way analysis of variance (ANOVA) and 
Tukey’s post hoc test. The threshold of statistical 
significance was set at P<0.05. 

Ethical Consideration
The study was conducted in accordance with 

the Declaration of Helsinki (as revised in 2013). The 
approval for this research was granted by the Ethics 
Committee of the Affiliated Stomatological Hospital 
of Nanchang University (Permit No. 2021068), and 
written informed consent was obtained from both 
participants. Animal studies were approved by 
the Institutional Animal Care and Use Committee 
of Nanchang Royo Biotech Co., Ltd (Permit No. 
RYE2021020501). Standard animal care and 
laboratory guidelines are based on “Guidelines for 
the Care and Use of Laboratory Animals” (National 
Research Council, 8th edition, 2011)

Results

Establishment and Identification of the PDX 
Tongue Cancer Model 

Two PDX models of tongue cancer were 
successfully constructed. H&E staining showed 
that the PDX models were histologically 
consistent with the corresponding patients. They 
retained the characteristics of differentiation, 
keratosis, and nuclear atypia (figure 2). 

After the PCR experiment, the results 
showed that the DNA of the PDX model tumor 
tissues contained both mouse and human target 
genes (figure 3). Thus, the transplanted tumor 
tissue was of human origin.

Apatinib Inhibits Tumor Growth
According to the tumor growth curve of each 

drug group, tumor growth was inhibited in all 
treatment groups. The tumor weight in the apatinib 
group (0.21±0.07 g) was significantly lighter than 
that in the control group (0.93±0.30 g) (P=0.036) 
and the cisplatin group (0.62±0.20 g) (P=0.0084) 
(figures 4 A and B). The tumor volume increment 
in the apatinib group (211.32±166.38 mm3)  
was significantly smaller than that in the control 
group (800.98±581.05 mm3) (P=0.0002) and the 
cisplatin group (582.15±442.17 mm3) (P=0.0028) 
(figure 4C). The body weight of the mouse was 
2.58±0.87 g in the apatinib group, 3.70±1.17 
g in the control group, and 2.20±1.04 g in the 
cisplatin group. However, the increment has 
no significant difference among the groups  
(figure 4D) (P=0.078).
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Figure 2: Photomicrographs of hematoxylin-eosin-stained tumor sections show that the pathological phenotypes of tumor 
tissues in patients and PDX models showed similar growth pattern and morphology to the original tumor (×400).

Figure 3: The picture depicts the results of a PCR analysis aimed at identifying human-derived genes in PDX model tissues. 
The gel electrophoresis image clearly shows bands corresponding to both human and mouse genes. Two distinct human 
gene bands are observed at approximately 772 base pairs (bp) and 327 bp, which are present in both the patient tissue (H) 
and the PDX samples, indicating the successful amplification of human DNA. Conversely, two mouse gene bands are visible 
at approximately 549 bp and 571 bp, which are present in the mouse positive control (M) but absent in the patient tissue. The 
negative control (N) lacks any bands, confirming the specificity of the PCR reaction. 

Figure 4: Antitumor Effects of Apatinib in Tongue Cancer PDX Models. (A)  Photographs show the tumor volume of mice in all groups 
(Control, Cisplatin, Apatinib; n = 6 per group) after 21 days(B) Bar graph illustrates the tumor weight of mice in all groups, with significant differences 
observed between the apatinib group and both the control and cisplatin groups (*P=0.036; **P=0.0084). (C) The line graph depicts the tumor growth curve 
of mice. (D) The line graph shows the body weight of mice over time, with no significant difference in weight increment among the groups.
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Apatinib Inhibits Angiogenesis

CD31 is a vascular endothelial marker that 
can be used to evaluate angiogenesis in tumors. 
In the apatinib group, the MVD was 0.88±0.07 
and 0.21±0.06 in experiments No. 1 and No. 2, 
respectively. These values were significantly 
lower than those in the cisplatin group (1.54±0.13 
in experiments No. 1 and 0.91±0.09 in No. 2) and 
the control group (4.30±0.34 in experiments No. 
1 and 3.31±0.38 in No. 2). These data suggested 
that apatinib may exert its anti-cancer activity by 

inhibiting angiogenesis (P=0.0192) (figure 5). 

Apatinib Inhibits Tumor Cell Proliferation 
The Ki-67-positive cell rates in the apatinib 

group were significantly lower than those in 
both the cisplatin and control groups across 
two in-dependent experiments. Specifically, the 
rates were 2.75%±0.28% (Experiment No. 1) and 
3.39%±0.26% (Experiment No. 2) for apatinib, 
compared to 17.94%±2.18% (Experiment No. 
1) and 18.98%±1.57% (Experiment No. 2) for 
cisplatin, and 32.05%±4.34% and 53.99%±2.62% 

Figure 5: Apatinib Inhibits Angiogenesis in Tongue Cancer PDX Models (Assessed by Microvessel Density via CD31 
Immunohistochemistry). (A) Representative images of immunohistochemical (IHC) staining for CD31-positive blood vessels 
in PDX model tumor tissues. The images show varying degrees of CD31 staining across the control, cisplatin, and apatinib 
treatment groups for two different patient samples (No. 1 and No. 2). The cytoplasm of vascular endothelial cells-stained pale 
brown or brown, can be considered a countable vessel (×200). (B) The bar graph illustrates the tumor microvascular density 
(MVD) in the various groups for both patient samples. The MVD values are significantly lower in the apatinib group compared 
to the control and cisplatin groups for both samples (*P<0.05).

Figure 6: Apatinib Suppresses Tumor Cell Proliferation in Tongue Cancer PDX Models (Assessed by Ki-67 
Immunohistochemistry). (A) Images show immunohistochemical (IHC) staining for Ki-67 in PDX model tumor tissues across 
the control, cisplatin, and apatinib treatment groups for two different patient samples (No. 1 and No. 2). The nuclear protein 
Ki-67 is stained in clay red or brown (×200). (B) Bar graph illustrates the Ki-67-positive cell rate in the various groups for both 
patient samples. The apatinib group shows significantly lower Ki-67-positive cell rates compared to the control and cisplatin 
groups (*P<0.05).
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for the control group, respectively. This difference 
was statistically significant (P=0.047) (figure 6).

Discussion

Our study successfully established two patient-
derived xenograft (PDX) models of tongue 
cancer, which are critical tools for preclinical 
research. PDX models offer several advantages 
over traditional cell line models, as they 
retain the histological characteristics, tumor 
microenvironment, and genetic heterogeneity 
of the primary tumor.15 This makes them highly 
relevant for evaluating the efficacy of anticancer 
therapies and predicting clinical outcomes.16, 17

The success rate of PDX model construction 
is influenced by multiple factors associated with 
the primary tumor, including tumor invasion, 
recurrence status, primary or metastatic status, 
and the degree of immune deficiency in various 
mouse strains. In our study, fresh tumor tissues 
from two patients with different histological 
subtypes of tongue squamous cell carcinoma 
were used to establish the PDX models. The 
use of immunodeficient mice ensured a high 
success rate of tumor engraftment and growth. 
This approach is similar to that used by Maletzki 
in 2020 in pancreatic cancer PDX models.18 
Female BALB/c nude mice were selected for this 
study because they can survive for extended 
periods under low survival conditions and have 
a high tumor formation ratio. Additionally, the 
significant variation in sex hormone levels among 
female mice may influence tumor growth.19

Compared to other studies utilizing PDX 
models, our work specifically targets tongue 
cancer. For instance, a study by Ju and 
colleagues in 2022 explored the combination of 
apatinib with anti-PD-1 therapy in oral squamous 
cell carcinoma, highlighting the potential of 
apatinib in head and neck cancers.11 Our study 
provides a more focused evaluation of apatinib’s 
effects on tongue cancer, which is crucial given 
the distinct biological behaviors and treatment 
challenges associated with this cancer type.

The histological consistency between the 
PDX models and the original patient tumors 
was confirmed by hematoxylin–eosin (H&E) 
staining, which showed similar differentiation, 
keratinization, and nuclear atypia. Furthermore, 
PCR analysis demonstrated the presence of 
human-specific genes in the PDX model tumor 
tissues, confirming their human origin.

Tumor angiogenesis plays a key role in the 
occurrence of solid tumors.20 The unlimited growth 
of malignant tumors requires the formation of dense 
new vascular networks to support the nourishment 
and growth of tumor tissues, which has also been 

proven in our study. Therefore, targeted antitumor 
angiogenesis therapy has become one of the 
main research fields in tumor-targeted therapy.21 

Vascular endothelial growth factor (VEGF) can 
effectively promote angiogenesis.22 It triggers 
downstream signaling by activating related VEGF 
receptor (VEGFR) tyrosine kinases (VEGFR1, 
VEGFR2, and VEGFR3).

Apatinib inhibits the formation of tyrosine 
kinases via highly selective competition for 
the adenosine triphosphate binding sites of 
VEGFR-2 in cells and blocks the signaling 
pathway mediated by VEGF binding to its 
receptor, thereby inhibiting the formation of new 
blood vessels in tumor tissues to achieve its 
antitumor function.23, 24 In this experiment, the 
number of CD31-positive blood vessels was 
reduced in the apatinib group, which indicated 
that apatinib could inhibit angiogenesis in 
tongue cancer. Moreover, the weight of the mice 
did not change significantly; thus, the drug did 
not produce severe side effects, and it provided 
a certain degree of protection for the mice.25, 26

Ki-67 is a nuclear antigen encoded by the 
MKI-67 gene, which is expressed in proliferating 
cells, and indicates the degree of cell proliferation 
activity.27-29 It is also one of the most reliable 
indicators for detecting tumor cell proliferation 
activity.30, 31 In this study, Ki-67-positive cells 
were reduced in the apatinib group, indicating 
that apatinib exerted an antiproliferative effect. 
Therefore, we speculated that apatinib may 
inhibit the growth of tongue cancer by inhibiting 
angiogenesis and cancer cell proliferation, 
which in turn inhibits tumor proliferation. Our 
findings are consistent with previous evidence 
that apatinib exerts broad antitumor activity in 
gastric cancer and other malignancies.6 Despite 
the promising results, our study has limitations 
including: (1) a small sample size (n=2 PDX 
models) limiting generalizability, necessitating 
expanded cohorts with diverse tongue cancer 
subtypes to comprehensively evaluate 
apatinib’s efficacy across molecular profiles; (2) 
mechanistic constraints to basic angiogenesis 
(CD31) and proliferation (Ki-67) markers, 
warranting deeper investigation into VEGF/
VEGFR-2 signaling, apoptosis regulators, and 
multi-omics profiling (e.g., RNA-seq) to elucidate 
apatinib’s mode of action and identify resistance 
markers; (3) the use of subcutaneous PDX 
models that inadequately replicate the tongue 
microenvironment, highlighting the need for 
validation in clinically relevant orthotopic models. 

Conclusion

In summary, apatinib exhibited potent antitumor 
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activity against tongue cancer in PDX models 
by suppressing angiogenesis and tumor cell 
proliferation. These results, while promising, 
were derived from a limited sample of patient-
derived tumors and warrant validation in larger 
PDX cohorts. The work established PDX 
models as a feasible platform for tongue cancer 
drug screening but highlighted the necessity of 
deeper mechanistic exploration in future studies. 
Apatinib represented a clinically translatable 
candidate for tongue cancer therapy, pending 
further investigation of its efficacy across diverse 
molecular subtypes.
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