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Abstract: Objective: This study aims to evaluate the efficacy of a novel simple suture method in establishing an 
optimal animal model for preclinical research in pancreatic cancer. Methods: To establish a novel simple suture 
method, the tumor fragment was placed on the tail of the pancreas and securely wrapped into the pancreas, and 
compared with two conventional methods: the cell injection method and the tumor fragment embedding method. 
Subsequently, emission tomography/computed tomography scanning, gross anatomy observation, hematoxylin and 
eosin staining, and immunohistochemistry staining were performed to assess the effectiveness of these methods. 
Results: The emission tomography/computed tomography scanning and anatomical examinations confirmed the 
successful construction of orthotopic pancreatic cancer models using all three methods. Histopathological analy-
sis of the orthotopic masses and metastatic lesions revealed malignant transformation with tumor infiltration into 
normal tissue. Comparative analysis demonstrated that the cell injection method was easy to perform but resulted 
in poor uniformity of tumor size and had high costs. The tumor fragment embedding method exhibited excellent 
uniformity of tumor size, with the highest tumor growth rates and a greater pancreatic impairment. In contrast, the 
novel simple suture method featured a relatively simple surgical procedure, slower growth rates, good uniformity of 
tumor size, and minimal pancreatic impairment. Conclusion: The novel simple suture method is the optimal protocol 
for establishing an orthotopic pancreatic cancer mouse model, providing a robust foundation for preclinical studies 
on pancreatic cancer.
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Introduction

Pancreatic cancer is recognized as one of the 
most aggressive and lethal malignancies world-
wide, and it may rank as the second leading 
cause of cancer-related deaths by 2030 [1]. 
The nonspecific symptoms of pancreatic can-
cer often lead to diagnosis at an advanced 
stage for the majority of patients [2]. Surgical 
resection remains the main treatment for pan-
creatic cancer. Despite efforts, alternative ther-
apies such as radiation therapy, chemotherapy, 
and locoregional therapy have demonstrated 
limited success [3-6]. Numerous preclinical 
and clinical trials are currently underway to 
enhance the treatment effectiveness and prog-

nosis of pancreatic cancer through immuno-
therapy. Various immunotherapeutic approach-
es, such as immune checkpoint inhibitors, can-
cer vaccines, adoptive cell therapy, and combi-
nation immunotherapy with other medications 
[7, 8], have shown promising results in treating 
patients with different types of cancer [9, 10]. 
Nonetheless, pancreatic cancer immunothera-
py encounters significant challenges. Factors 
contributing to these challenges include the 
high tumor burden resulting in immunosuppres-
sion [11], the presence of non-immunogenic 
phenotypes in nearly all pancreatic cancers 
[12], and the dense fibrotic stroma or desmo-
plasia characterized by the excessive produc-
tion of extracellular matrix and stromal cell pro-
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liferation [13]. Therefore, conducting an exten-
sive analysis to characterize the immune micro-
environment of pancreatic cancer is crucial for 
enhancing the effectiveness of immunotherapy 
in pancreatic cancer. Achieving this goal neces-
sitates the use of animal models that accurate-
ly mimic the in vivo tumor microenvironments 
of patients.

In vivo models commonly utilize murine models 
and are categorized into three subgroups: 
spontaneous, genetically engineered, and im- 
plantation models. The spontaneous mouse 
model of pancreatic cancer is induced by direct 
or indirect exposure of the pancreas to carcino-
genic factors. This model is often employed to 
study the progression of pancreatic intraepithe-
lial neoplasia and ductal adenocarcinoma. 
However, limitations such as a lengthy induc-
tion period, high mortality rates, low tumor for-
mation rates, and the development of other 
types of tumors restrict the widespread appli-
cation of this spontaneous mouse model. Ge- 
netically engineered mice, on the other hand, 
are valuable for examining gene functions in 
vivo, investigating new treatment approaches, 
and assessing cancer prevention strategies. 
Nevertheless, tumorigenesis in these geneti-
cally engineered mice is triggered by the spe-
cific activation or inactivation of embryonic pan- 
creatic genes, which differs from the natural 
development of pancreatic cancer in humans. 
Currently, the most commonly utilized mouse 
model for studying pancreatic cancer is the 
pancreatic cancer implantation model, where 
pancreatic cancer cells or tissues are trans-
planted into mice. This model includes the sub-
cutaneous pancreatic cancer model and the 
orthotopic pancreatic cancer model. The sub-
cutaneous model fails to replicate the tissue 
heterogeneity and microenvironment of pan-
creatic cancer, thus limiting its capability to 
accurately predict drug response [14]. In con-
trast, the orthotopic pancreatic cancer model, 
characterized by tumor development and me- 
tastasis in the pancreas, is preferred for evalu-
ating drug efficacy against tumors or metasta-
ses. Therefore, the development of a more 
appropriate orthotopic pancreatic cancer mo- 
del is essential for advancing pancreatic can-
cer research.

In this study, the C57BL/6N mouse was select-
ed as the model organism due to its suitability 

for immunological research. A novel simple su- 
ture method was utilized to establish an ortho-
topic pancreatic cancer mouse model. This 
novel approach was then compared with two 
conventional methods: cell injection and tumor 
fragment embedding. The novel simple suture 
method may facilitate preclinical research in 
pancreatic cancer immunotherapy.

Materials and methods

Experimental animals and grouping

Sixty-four SPF-grade C57BL/6N mice, aged 6-8 
weeks, comprising an equal number of males 
and females, were purchased from Beijing 
Weitong Lihua Experimental Animal Technolo- 
gy Co., Ltd. in Beijing, China. The mice were 
housed under controlled conditions of 21-25°C 
and 50-60% humidity, with ad libitum access  
to a standard diet and water. Ethics appro- 
val for this study was obtained from the 
Institutional Animal Ethics Committee of 
Chengde Medical University (Approval No: 
CDMULAC-20230920-024).

A subcutaneous pancreatic cancer model was 
established in five mice, while an additional 
three mice were employed to assess tumor 
fragment invasion through the pancreatic enve-
lope in a novel simple suture model. The 
remaining 56 mice were randomized into four 
groups, with 14 mice in each group. The first 
group served as the control group, undergoing 
sham surgery with exposure of the pancreas 
but without the implantation of tumor cells  
or tissue. The other three groups underwent 
treatment using the cell injection method, the 
tumor fragment embedding method, and the 
novel simple suture method, respectively. Each 
procedure was carried out independently  
by two investigators. All surgeries were con-
ducted under anesthesia using 0.4% pentobar-
bital sodium (40 mg/kg) administered intra- 
peritoneally.

Cell culture

The murine pancreatic cancer cell line Pan02 
was obtained from Shanghai Zhongqiao Xin- 
zhou Biotechnology Co., Ltd. (Shanghai, China). 
The cells were cultured in DMEM (Gibco, USA) 
supplemented with 10% fetal bovine serum 
(Procell Life Science & Technology Co., Ltd., 
Beijing, China), penicillin (100 IU/mL)/strepto-
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mycin (100 μg/mL) at 37°C in a 5% CO2 incuba-
tor. The medium was refreshed every 1-2 days, 
and cells were maintained until reaching 90% 
confluence before being subcultured or har-
vested for cryopreservation.

Subcutaneous pancreatic cancer model

Pan02 cells in the logarithmic growth phase 
were resuspended to a concentration of 1 × 
106 cells/ml. Then, 200 µL of cell suspension 
was injected subcutaneously into the left flank 
of one C57BL/6N mouse to establish the first-
generation subcutaneous pancreatic cancer 
model. Tumor formation was monitored every 
other day, and the tumor volumes were calcu-
lated using the formula of volume = (width)2 × 
length/2. When the tumor volume reached 1 
cm3, the mice were humanely euthanized 
through cervical dislocation following an intra-
peritoneal injection of 0.4% pentobarbital sodi-
um (40 mg/kg). The tumor tissues were 
excised, and cut into 1 mm3 pieces, and four 
pieces of tumor tissue were transplanted sub-
cutaneously into the left flank of four additional 
C57BL/6N mice to establish the next-genera-
tion subcutaneous pancreatic cancer models 
(Figure 1A). When the tumor volume reached 1 
cm3, the tumor masses from the four next-gen-
eration subcutaneous pancreatic cancer mice 
were excised, after which the capsule, blood 
vessels, and necrotic tissues were carefully dis-

pended at a concentration of 2 × 107 cells/mL. 
The cell suspension was then mixed with Ma- 
trigel matrix (BD Biosciences, San Diego, CA)  
at a ratio of 1:1. Anesthesia was induced in 
C57BL/6N mice, followed by making an abdom-
inal incision to expose the spleen and locate 
the pancreas. Using a sterile syringe, 0.1 mL of 
the mixture (1 × 106 Pan02 cells) was injected 
into the subcapsule of the pancreatic tail. The 
cell suspension was well mixed before each 
sample aspiration. The needle was retained in 
the pancreas for 10 seconds post-injection to 
prevent fluid leakage before being slowly with-
drawn. Pressure was applied with a cotton ball, 
and the muscle layer and skin incisions were 
closed using a sterile 7-0 absorbable suture 
(Figure 2A).

Establishment of an orthotopic pancreatic can-
cer model using the tumor fragment embed-
ding method

After anesthesia, a 0.5 cm incision was surgi-
cally made in the lower left abdomen to expose 
the spleen and pancreas. Subsequently, a 3 
mm incision was carefully made in the pancre-
as’s tail using ophthalmic scissors. A tumor 
fragment of 2 mm3 was then selected at ran-
dom from the pooled tumor pieces and implant-
ed into the pancreas. Finally, the muscle layer 
and skin incision were closed with a sterile 7-0 
absorbable suture (Figure 2B).

Figure 1. Preparation of tumor fragment from subcutaneous pancreatic can-
cer model. A. Subcutaneous pancreatic cancer model. B. The stripped tumor 
mass from the next-generation subcutaneous model.

sected. The well-growing tu- 
mor tissues, resembling firm 
fish flesh, were then sectioned 
into 2 mm3 pieces with a punc-
ture needle and pooled for 
use in experiments involving 
the tumor fragment embed-
ding method and the novel 
simple suture method (Figure 
1B). The entire process, from 
tumor isolation to transplanta-
tion into mice, was completed 
within a strict time frame of 3 
h.

Establishment of an ortho-
topic pancreatic cancer 
model using the cell injection 
method

Pan02 cells in the logarithmic 
growth phase were resus-
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Figure 2. Surgical procedure of three orthotopic pancreatic cancer mouse models. A. Cell injection method. B. Tu-
mor fragment embedding method. C. Novel simple suture method.

Establishment of an orthotopic pancreatic 
cancer model using the novel simple suture 
method

After anesthesia, the spleen and pancreas 
were exposed. A tumor fragment of 2 mm3 was 
randomly selected from pooled tumor pieces 
and placed on the tail of the pancreas. The 
suture was carefully passed through the upper 
and lower parts of the pancreatic tissue using a 
sterile 8-0 absorbable suture and gradually 
tightened to secure and wrap the tumor frag-
ment within the pancreas. Subsequently, the 
muscle layer and skin incision were closed in 
sequence (Figure 2C and Supplementary Video 
1).

Positron emission tomography/computed to-
mography (PET/CT)

On the 14th day post-modeling, PET/CT scan-
ning was conducted on four groups of mice, 
with the control group mice serving as the  
norm for metabolic profiles. The mice were sub-
jected to a 6-h fasting period and water depri-
vation before the examination. Then, the mice 
received intravenous administration of 100 μCi 

of 18F-FDG through the tail vein. After 50 min, 
anesthesia was induced by intraperitoneal 
injection of 0.4% pentobarbital sodium, and  
the PET/CT scans were carried out utilizing a 
Siemens Biograph 64 PET/CT scanner (Sie- 
mens, Erlangen, Germany). The information 
such as mouse identification number, scanning 
date, and administered radiotracer activity was 
entered into the system. The helical CT scan 
was conducted utilizing the following parame-
ters: tube voltage of 120 kV, tube current of 
300 mA, slice thickness of 3.75 mm, interslice 
spacing of 2.5 mm, pitch of 0.531:1, and a field 
of view of 20 cm. Subsequent PET scans were 
conducted in three-dimensional mode, cover-
ing 2-bed positions with each having an acqui-
sition time of 4 min. Image fusion and analysis 
were carried out using DICOM Viewer software 
version 3.4.1 (Syno Union Medical Technology 
Co., Ltd., Beijing, China). A three-dimensional 
region of interest was delineated on the PET/CT 
fused image of each mouse to quantify 18F-
FDG uptake. The maximum standard uptake 
value (SUVmax) was calculated using the for-
mula: SUVmax = maximum activity in a region 
of interest (MBq/g)/[injected dose (MBq)/body 
weight (g)].

http://www.ajtr.org/files/ajtr0155120supplvideo1.avi
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Anatomical observation

On the 15th day after modeling, the mice were 
humanely euthanized through cervical disloca-
tion following an intraperitoneal injection of 
0.4% pentobarbital sodium (40 mg/kg). The 
solid tumors in the pancreas were dissected 
and weighed. The long diameter (L) and short 
diameter (W) of tumors were measured with a 
caliper and the tumor volume was calculated by 
the formula of V = (L × W2)/2. Additionally, met-
astatic lesions in organs such as the liver, 
spleen, lung, and intestine were observed, dis-
sected, and assessed for tumor formation, 
growth rate, organ metastasis, and the pres-
ence of ascites.

Histopathological examination

Pancreatic cancer tissue and major organs 
including the lungs, liver, spleen, intestine, and 
kidneys were extracted and fixed in 4% parafor-
maldehyde, embedded in paraffin, and sec-
tioned at 5 µm thickness, followed by routine 
hematoxylin and eosin staining. Cell morpholo-
gy was observed under light microscopy. For 
immunohistochemistry, the paraffin sections 
were deparaffinized, followed by antigen repair 
and blocking with bovine serum albumin. 
Incubation with the primary antibody of rabbit 
polyclonal anti-Ki67 (1:50; Wanleibio, Beijing, 
China) was performed overnight at 4°C. Sub- 
sequently, the sections were incubated with 
horseradish peroxidase-labeled goat anti-rab-
bit/mouse IgG antibody. Diaminobenzidine was 
used for color development. After counterstain-
ing with hematoxylin for 1 min, 1% hydrochloric 
acid alcohol differentiation for 3 sec, dehydra-
tion, and transparency, the sections were ob- 
served under a light microscope. The optical 
density was quantified using ImageJ software 
(Maryland, USA).

Statistical analysis

Statistical analysis was conducted using SPSS 
22.0 (SPSS Inc., Chicago, IL, USA). Tumor wei- 
ght, volume, and mean growth rate are present-
ed as means ± standard deviation. One-way 
analysis of variance (ANOVA) with Fisher’s least 
significant difference (LSD) test was used for 
comparing multiple groups, with statistical sig-
nificance set at P<0.05.

Results

The radiotracer uptake is higher in the three 
orthotopic pancreatic cancer mouse model 
groups

On the 14th day after modeling, the mice 
underwent PET/CT scanning and subsequent 
three-dimensional reconstruction (Supplemen- 
tary Figure 1). The PET/CT fusion images (Figure 
3A) revealed increased radiotracer uptake in 
various regions, including the brain, back fat 
pad, heart, bladder, and occasionally in the 
upper limb and calf muscles among all groups 
of mice. In contrast, the control group mice dis-
played typical radiotracer distribution in base-
line conditions. Furthermore, examination of 
transverse, sagittal, and coronal plane images 
unveiled significantly higher radiotracer uptake 
in the peritoneal cavities of mice in the cell 
injection group, tumor fragment embedding 
group, and novel simple suture group. Addi- 
tionally, the novel simple suture method group 
showed mild high radiotracer uptake in multiple 
regions of the peritoneal cavity, indicating 
potential metastasis in the peritoneal cavity. 
The SUVmax for the control, cell injection meth-
od, tumor fragment embedding method, and 
novel simple suture method groups were 
19.530±1.630 g/ml, 60.520±7.830 g/ml, 
120.820±15.480 g/ml, and 49.320±1.050 g/
ml, respectively (Figure 3B). Significant differ-
ences were observed compared to the control 
group in the cell injection method group 
(P=0.007), the tumor fragment embedding 
method group (P<0.001), and the novel simple 
suture method group (P=0.037). Furthermore, 
the SUVmax in the cell injection method group 
(P<0.001) and the novel simple suture method 
group (P<0.001) were significantly lower than 
that in the tumor fragment embedding method 
group, suggesting a slower growth rate in the 
novel simple suture method group compared to 
the tumor fragment embedding method group 
(Table 1).

The novel simple suture method group has 
the slowest tumor growth rate and consistent 
tumor size

On the 15th day after modeling, the tumor 
growth and metastasis were observed. On the 
15th day post-modeling, the mice were anes-
thetized and dissected to observe tumor growth 
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Figure 3. PET/CT images. A. Transverse, sagittal, and coronal plane images. 
B. SUVmax value of three orthotopic mouse model groups. *P<0.05 vs. Con-
trol group; #P<0.05 vs. Cell injection method group. $P<0.05 vs. Tumor frag-
ment embedding method group.

and metastasis. The findings revealed that pan-
creatic tumors were present in all 42 mice, with 

a tumor formation rate of 
100% in the cell injection 
method group (14/14), the 
tumor fragment embedding 
method group (14/14), and 
the novel simple suture meth-
od group (14/14) (Figure 4A). 
Subsequently, the implanted 
tumors from each group were 
excised, photographed, and 
weighed (Figure 4B). The aver-
age weight of orthotopic tu- 
mors in the tumor fragment 
embedding method group  
was 0.348±0.079 g, signifi-
cantly higher than that in the 
cell injection method group 
0.221±0.119 g (P=0.001)  
and the novel simple suture 
method group 0.213±0.065  
g (P=0.002) (Figure 4C and 
Table 1). Moreover, the mean 
tumor growth rates varied 
among different groups: the 
fastest growth rate was ob- 
served in the tumor fragment 
embedding method group 
24.393±4.762 mm3/day, fol-
lowed by the cell injection 
method group 17.658±8.108 
mm3/day, with the slowest 
growth rate recorded in the 
novel simple suture method 
group 17.220±3.318 mm3/
day (Table 1). Additionally, the 
standard deviations of tumor 
weight, tumor volumes, and 
tumor growth rate were sig- 
nificantly different in the cell 
injection, tumor fragment em- 
bedding, and novel simple su- 
ture method groups (Figure 
4D). This suggests a wider 
range of tumor sizes in the  
cell injection group, while the 
tumor sizes were more consis-
tent in the tumor fragment 
embedding and novel simple 
suture method groups.

Additionally, we found that the 
spleen was the most common 

site of metastasis in the orthotopic pancreatic 
cancer mouse model. Specifically, spleen meta- 
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Table 1. Comparison of the novel simple suture method with the cell injection and tumor fragment embedding methods

Model Tumor 
formation

SUVmax 
(g/ml)

Mean  
tumor 
weight (g)

Mean tumor  
volume (mm3)

Implan-
tation 
days (d)

Mean growth 
rate (mm3/d)

Spleen 
metastasis

Intestine 
metasta-
sis

Presence 
of ascites

HE  
staining

Relative 
Ki67  
expression

Surgery 
Time 
(sec)

Pancreatic 
Injury

Cell injection 
method

14/14 60.520± 
7.830

0.221± 
0.119

264.883± 
121.616

15 17.658± 
8.108

6/14 4/14 2/14 Significant 
Nuclear 
Atypia

0.359± 
0.175

248±36 Edema

Tumor fragment  
embedding method

14/14 120.820± 
15.480*

0.348± 
0.079*

365.900± 
71.431*

15 24.393± 
4.762*

8/14 7/14 3/14 Significant 
Nuclear 
Atypia

0.365± 
0.110

486±48 Oozing of 
blood

Simple suture 
method

14/14 49.320± 
1.050#

0.213± 
0.065#

258.302± 
49.764#

15 17.220± 
3.318#

9/14 9/14 5/14 Significant 
Nuclear 
Atypia

0.359± 
0.120

356±53 Petechiae 

*P<0.05 vs. Cell injection method group; #P<0.05 vs. Tumor fragment embedding method group.
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Figure 4. Anatomical observation. A. Formation of orthotopic pancreatic tumors in four groups. B. The removed 
pancreatic tumors. C. The tumor weight. *P<0.05 vs. Cell injection method group. #P<0.05 vs. Tumor fragment em-
bedding method group. D. Standard deviations of SUVmax, tumor weight, tumor volume, and tumor growth rate in 
the three method groups. Ring proportion represents the differences within groups.

Figure 5. Gross observation of organ metastasis. A. Spleen metastasis. B. Intestine metastasis. C. Ascites formation.

stases were observed in 6 mice in the cell 
injection group, 8 mice in the tumor fragment 
embedding group, and 9 mice in the novel sim-
ple suture group (Figure 5A and Table 1). 
Intestinal metastases were identified in 4 mice 
in the cell injection group, 7 mice in the tumor 
fragment embedding group, and 9 mice in the 
novel simple suture group (Figure 5B and Table 
1). Given that intestinal metastasis is associ-
ated with an increased risk of ascite formation, 
ascites were present in 2 mice in the cell injec-
tion group, 3 mice in the tumor fragment em- 
bedding group, and 5 mice in the novel simple 
suture group (Figure 5C and Table 1). Notably, 
no metastases were detected in the liver, lungs, 
or kidneys.

Cellular atypia and invasiveness in the three 
orthotopic pancreatic cancer mouse model 
groups

Hematoxylin and eosin staining revealed no 
histopathological differences among the three 
orthotopic pancreatic cancer mouse model 

groups. The tumors displayed characteristics  
of poorly differentiated tumor cells, exhibiting 
irregularly shaped nuclei with dark staining  
and a lack of polarity, along with lobulated 
nucleoli (Figure 6A). Moreover, the tumors dis-
played high invasiveness, infiltrating the adja-
cent normal tissue. Furthermore, Hematoxylin 
and eosin staining was also performed in major 
organs including the lungs, liver, spleen, intes-
tine, and kidneys, and the results showed sig-
nificant evidence in the metastatic spleen and 
intestine tissues (Figure 6B).

The invasion of tumor fragments through the 
pancreatic envelope was observed in three 
additional mice following orthotopic implanta-
tion of pancreatic cancer using the novel sim-
ple suture method. On the 6th day post-opera-
tion, the mice were euthanized, and their pan-
creas was examined using hematoxylin and 
eosin staining. The findings revealed hyperchro-
matic cells with large nuclei in the sutured 
tumor tissue, indicative of cancerous proper-
ties. The boundaries between the tumor tissue 
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Figure 6. Histopathological observation. A. Hematoxylin and eosin staining in orthotopic pancreatic cancer (×400 
magnification). Scale bars 50 uM. B. Hematoxylin and eosin staining in the metastatic spleen and intestine tissue 
(×400 magnification). Scale bars 50 uM. C. Ki67 immunohistochemistry staining in orthotopic pancreatic cancer 
(×400 magnification). Scale bars 50 uM. D. Quantification of Ki67 staining. *P<0.05 vs. Control group.

and the normal pancreatic tissue were gener-
ally unclear, accompanied by disruption and 
destruction of the pancreatic envelope. The 
tumor cells infiltrated the adjacent normal pan-
creatic tissues, leading to pronounced malig-

nant alterations in the pancreatic cells at the 
boundaries, characterized by significant atypia, 
mitotic activity, and hyperchromatic nuclei 
(Figure 7). Capsular invasion in pancreatic can-
cer is likely to involve multiple mechanisms, 
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Figure 7. Hematoxylin and eosin staining in the inva-
sion of tumor fragments through the pancreatic en-
velope using the novel simple suture method (×40 
magnification). Scale bars 500 uM. A. Tumor frag-
ment. B. Invaded pancreatic envelope. C. Invaded 
pancreatic tissue.

including invasion of the tumor cells in the pan-
creatic envelope through tiny pores or fissures, 
the release of proteases to degrade the enve-
lope tissue protein, and loss of the normal bar-
rier function of the pancreatic envelope due to 
changes in the tumor microenvironment.

Immunohistochemistry revealed a positive ex- 
pression of Ki67 in the three orthotopic pancre-
atic cancer mouse model groups (Figure 6C). 
Compared with the control group, there were 
significant differences in the cell injection 
method group (P<0.001), the tumor fragment 
embedding method group (P<0.001), and the 
simple suture method group (P<0.001), indicat-
ing an activation of pancreatic cancer cell pro-
liferation in these groups (Figure 6D).

Discussion

The two most common mouse models used for 
studying pancreatic cancer are subcutaneous 
and orthotopic models. In subcutaneous mod-
els, the tumor grows superficially, allowing for 
easy access, direct observation, and precise 
measurement, which facilitates monitoring of 

tumor progression. In a study by Conti et al. 
[15], 4 × 106 PaCa44 pancreatic cancer cells 
were subcutaneously injected into the right 
flank of CD1 nude mice to establish a subcuta-
neous xenograft model of pancreatic cancer. 
Tumor volume was monitored using a vernier 
caliper to assess tumor growth and evaluate 
the treatment efficacy of HFt-MP-PASE-MIT 
nanoformulation. However, the subcutaneous 
model lacks the tendency for distant metasta-
ses and does not fully replicate the tumor 
microenvironment of human pancreatic cancer. 
The orthotopic model is considered more suit-
able for mimicking the local tumor microenvi-
ronment and distant metastases, and accu-
rately predicting the efficacy of drug treatments 
in vivo. Zhao et al. [16] demonstrated that a 
combination of irreversible electroporation and 
programmed cell death protein 1 blockade 
could enhance the infiltration of intratumoral 
CD8+ lymphocytes and substantially extend 
survival in a murine orthotopic pancreatic can-
cer model, inducing a durable memory immune 
response. This study focused on establishing 
an orthotopic pancreatic cancer mouse model 
to provide a robust foundation for investigating 
the tumor microenvironment and immunother-
apy in pancreatic cancer.

Commonly used mice in constructing tumor 
models include BALB/c, C57BL/6, nude, SCID, 
NSG, etc. Among these, C57BL/6, an inbred 
strain, stands out for its immunogenicity and is 
frequently used in immunological and antitu-
mor activity studies [17]. Chen et al. [18] inocu-
lated Panc02 cells subcutaneously into the 
right and left flank of C57BL/6 mice to estab-
lish primary and metastatic tumors. They dem-
onstrated that a combination treatment involv-
ing Titanium diselenide-mediated sonodynamic 
therapy and programmed cell death protein 1 
blockade effectively activated anti-tumor im- 
mune responses through the induction of im- 
munogenic cell death, leading to the suppres-
sion of tumor growth and metastasis. There  
are two major lineages of C57BL/6 mice: 
C57BL/6J and C57BL/6N. In C57BL/6J mice, 
chemokine levels are reduced due to a muta-
tion in the Nlrp12 gene, affecting immune infil-
tration and pathogen clearance [19]. In this 
study, C57BL/6N mice lacking the Nlrp12 
mutation were selected to establish an ortho-
topic pancreatic cancer model, aiming to close-
ly mimic the human disease condition and pro-
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vide a more robust animal model for further 
experimental investigations.

The construction of the orthotopic pancreatic 
cancer model currently presents multiple chal-
lenges, including complex procedures, high 
costs, and the risk of severe pancreatic dam-
age. Various strategies, such as the cell injec-
tion method and the tumor fragment embed-
ding method, have been explored by research-
ers to address these issues. The cell injection 
method involves the direct injection of pancre-
atic cancer cells into the mouse pancreas. In a 
pioneering study dating back to 1985, Tan et al. 
[20] successfully established an orthotopic 
xenograft model of human pancreatic tumors 
by inoculating AsPC-1 cells into the duodenal 
lobe of the pancreas in athymic nude mice. In 
our model construction using the cell injection 
method, Pan02 cells from mouse pancreatic 
tumors were combined with the Matrigel matrix. 
Once the mixture reached room temperature,  
it would solidify into a gel-like substance. Sub- 
sequently, upon introduction of the cell suspen-
sion into the mouse pancreas, the gel-like sub-
stance formed a barrier at the injection site, 
effectively preventing any potential cell over-
flow. While this approach successfully mitigat-
ed issues related to pressure build-up and mini-
mized the risk of uneven cell distribution inher-
ent in manual procedures, it was not without 
limitations. Variability in tumor sizes within the 
model system suggested a lack of uniformity. 
Furthermore, the substantial cell quantities, 
extensive culture times, and high costs associ-
ated with meeting the demand for modeled 
mice underscore significant limitations of the 
cell injection method.

Another traditional model construction method 
is the tumor fragment embedding method. 
Hwang et al. [21] subcutaneously injected mu- 
rine pancreatic cancer Pan02 cells into the 
flanks of nude mice. A tumor fragment of 3 mm3 
obtained from a subcutaneous tumor was then 
orthotopically transplanted into the pancreatic 
tail of C57BL/6 mice, either with or without 
splenectomy. The same method was also used 
in this study. Initially, the subcutaneous tumor 
was excised and cut into fragments of 2 mm3. 
Subsequently, a 3 mm incision was made in the 
pancreas tail. A tumor fragment was then 
embedded into the incision. Finally, the incision 
was sutured. We observed that the tumor mor-

phology remained intact, exhibiting enhanced 
uniformity. This method obviates the need for 
supplementary cell culture as it involves direct 
implantation of well-developed subcutaneous 
tumor fragments, thus resulting in substantial 
time and cost savings. Nonetheless, the rapid 
tumor growth associated with the fragment 
embedding method hinders the effective moni-
toring of antitumor treatment efficacy over 
extended therapy periods. Furthermore, the 
surgical procedure is intricate and time-inten-
sive, posing a notable challenge. Of particular 
concern is the inadvertent dissection of the 
pancreas during surgery, leading to significant 
pancreatic injury (Table 1).

In this study, we developed a novel and simple 
suture method for establishing an orthotopic 
pancreatic cancer mouse model. A key step of 
this method involved securely wrapping the 
tumor fragment within the pancreas to prevent 
the tumor tissue from dislodging into the perito-
neal cavity. This novel method achieved a 
remarkable 100% success rate in implantation 
and minimized pancreatic damage by eliminat-
ing the need for pancreas incision. Additionally, 
it offered several advantages, such as a slower 
growth rate, simple operation, and less time-
consuming (Table 1). However, the failure to 
encapsulate the tumor beneath the capsule  
in this model increases its susceptibility to 
abdominal metastasis.

An orthotopic pancreatic tumor in the intra-
abdominal cavity poses challenges in monitor-
ing its growth unlike a subcutaneous tumor 
model, thus necessitating imaging examina-
tions. Commonly employed detection tech-
niques for intra-abdominal tumors include in 
vivo imaging of small animals [22], laparo-
scopes, nuclear magnetic resonance [23], and 
CT scans. PET/CT, an emerging diagnostic tech-
nology extensively utilized in the clinical diagno-
sis of various tumors [24, 25], offers significant 
advantages. By integrating PET data on meta-
bolic changes with detailed anatomic CT infor-
mation, PET/CT enables early lesion detection 
and provides more precise location information 
compared to CT or PET alone [26]. Moreover, 
PET/CT plays a crucial role in monitoring the in 
vivo tumor growth of small animals. Wang et al. 
[27] utilized 18F-FDG PET/CT imaging to assess 
the treatment response in an orthotopic xeno-
graft nude-mouse model established using the 
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human SGC-7901 gastric cancer cell line. They 
demonstrated that glycolysis and tumor grow- 
th were suppressed by intraperitoneal injection 
of 3-bromopyruvate and sodium citrate. In our 
study, PET/CT was used to monitor in vivo tumor 
growth in the mouse model. The region of inter-
est was delineated on the fused PET/CT images 
to calculate the SUVmax in each mouse. SUV- 
max is a common metric for evaluating tumor 
metabolic activity and biological characteris-
tics. A high SUVmax often indicates that tumor 
cells are in a metabolically active state, associ-
ated with aggressive and metastatic malignant 
phenotypes [28]. In preclinical experiments, 
PET/CT imaging is used to observe in vivo tumor 
growth in animal models, with the SUVmax 
value reflecting the treatment response. This 
non-invasive approach provides valuable in- 
sights for further research on the clinical man-
agement of pancreatic cancer.

Conclusion

In this study, three methods were employed to 
construct orthotopic pancreatic cancer mouse 
models. Their strengths and weaknesses were 
compared. The cell injection method, despite 
being relatively simple, was costly and lacked 
uniformity. In contrast, the tumor fragment 
embedding method group displayed better uni-
formity and aligned more closely with pancre-
atic cancer characteristics, yet induced signifi-
cant damage to the pancreas. The novel simple 
suture method, on the other hand, offered a 
simpler procedure with minimal pancreatic 
damage and better uniformity of tumors. This 
method emerges as the ideal approach for con-
structing orthotopic pancreatic cancer mouse 
models. Pancreatic cancer is a highly lethal 
malignancy presenting a significant therapeutic 
challenge. Immunotherapy emerges as a novel 
and promising treatment approach. The estab-
lishment of an ideal animal model is crucial for 
accurately assessing the efficacy of immuno-
therapy, thereby offering critical support for 
clinical translation.
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Supplementary Figure 1. PET/CT images. A, B. Three-dimensional (3D) reconstruction images.

Supplementary Video 1. Surgical procedure of the novel simple suture method.


