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ABSTRACT

Purpose of the study. Creation of a transplantable orthotopic PDX model of gastric cancer in Balb/c Nude immunodeficient 
mice using implantation and injection.
Materials and methods. Two methods, that are injection and implantation, were used to create an orthotopic PDX model of 
human gastric cancer. The first method involved injections of a suspension of a mechanically disaggregated patient's tumor 
after filtration into the gastric wall of Balb/c Nude mice. For the second method, small fragments (3 × 3 × 3 mm) of patients' 
tumors were implanted in the gastric wall of mice along the greater curvature with a dissection of the serous muscular layer.
Results. Control laparotomy in Balb/c Nude immunodeficient mice showed a successful engraftment of the tumor material at 
the 1st and 3rd procedures when using the implantation method for the creation of a PDX model of gastric cancer. The injection 
method was ineffective, and no models were created. The histological type of the obtained PDX models was compared to the 
type of the donor tumor by histological examination (hematoxylin and eosin staining). The tumor grade remained stable and did 
not change during xenograft passage, which showed that the obtained model was identical to the histotype of the donor tumor.
Conclusion. The presented implantation method for the model creation results in effective tumor engraftment. The developed 
model can be used to test the effectiveness of anticancer or antimetastatic drugs, for studying the functions of biomarkers, 
or in assessing the microenvironment of a gastric cancer.

Keywords: orthotopic xenotransplantation, gastric cancer, immunodeficient mice, PDX models, transplantation

South Russian Journal of Cancer 2023, Vol. 4, No. 3. P. 36-43
https://doi.org/10.37748/2686-9039-2023-4-3-4
https://elibrary.ru/nyxwwn
ORIGINAL ARTICLE



37

Для цитирования: Курбанова Л. З., Карасёв Т. С., Гончарова А. С., Колесников Е. Н., Максимов А. Ю., Аверкин М. А., Галина А. В., 
Романова М. В., Гусарева М. А., Зинькович М. С. Моделирование рака желудка на иммунодефицитных мышах путем ортотопической 
ксенотрансплантации. Южно- Российский онкологический журнал. 2023; 4(3):36-43.
https://doi.org/10.37748/2686-9039-2023-4-3-4, https://elibrary.ru/nyxwwn

Для корреспонденции: Гончарова Анна Сергеевна – к. б. н., заведующая испытательным лабораторным центром, ФГБУ «НМИЦ 
онкологии» Минздрава России, г. Ростов-на- Дону, Российская Федерация.
Адрес: 344037, Российская Федерация, г. Ростов-на- Дону, ул. 14-я линия, д. 63
E-mail: fateyeva_a_s@list.ru
ORCID: https://orcid.org/0000-0003-0676-0871
SPIN: 7512-2039, AuthorID: 553424
Scopus Author ID: 57215862139

Соблюдение этических стандартов: при выполнении данного исследования все манипуляции с лабораторными животными проводились 
в соответствии с «Правилами проведения работ с использованием экспериментальных животных». Исследование одобрено этическим 
комитетом ФГБУ «НМИЦ онкологии» Минздрава России (протокол № 22/126 от 08.10.2021 г.).

Финансирование: финансирование данной работы не проводилось.

Конфликт интересов: все авторы заявляют об отсутствии явных и потенциальных конфликтов интересов, связанных с публикацией 
настоящей статьи.
Статья поступила в редакцию 07.02.2023; одобрена после рецензирования 05.07.2023; принята к публикации 14.09.2023.

МОДЕЛИРОВАНИЕ РАКА ЖЕЛУДКА НА ИММУНОДЕФИЦИТНЫХ МЫШАХ ПУТЕМ 
ОРТОТОПИЧЕСКОЙ КСЕНОТРАНСПЛАНТАЦИИ
Л. З. Курбанова, Т. С. Карасёв, А. С. Гончарова�, Е. Н. Колесников, А. Ю. Максимов, М. А. Аверкин, А. В. Галина, 
М. В. Романова, М. А. Гусарева, М. С. Зинькович 

НМИЦ онкологии, г. Ростов-на-Дону, Российская Федерация
� fateyeva_a_s@list.ru

РЕЗЮМЕ

Цель исследования. Создание перевиваемой ортотопической PDX-модели рака желудка на иммунодефицитных 
мышах линии Balb/c Nude при помощи имплантационного и инъекционного способов.
Материалы и методы. С целью создания ортотопической PDX-модели рака желудка человека были применены 
2 способа – инъекционный и имплантационный. Первый способ заключался в инъекции суспензии механически 
дезагрегированной опухоли пациента после фильтрации в стенку желудка мышей линии Balb/c Nude. Для второго 
способа мелкие фрагменты (3 × 3 × 3 мм) опухоли пациентов были имплантированы мышам в стенку желудка по 
большой кривизне с рассечением серозно- мышечного слоя.
Результаты. При применении имплантационного способа получения PDX-модели рака желудка на иммунодефицитных 
мышах линии Balb/c Nude в ходе процедур контрольной лапаротомии, был обнаружен положительный результат 
приживления опухолевого материала при 1-ой и 3-ей процедурах. Инъекционный способ не дал эффективного ре-
зультата – не была получена ни одна модель. Гистотип полученных PDX-моделей сравнивали с донорской опухолью 
и подтверждали при помощи гистологического исследования (окрашивание гематоксилином и эозином). Степень 
дифференцировки оставалась стабильной и не менялась в результате пассирования ксенографта, что показало 
идентичность полученной модели гистотипу донорской опухоли.
Заключение. Представленный имплантационный метод создания модели дает эффективный результат прижив-
ления опухоли. Полученная модель позволяет использовать её для проверки эффективности противоопухолевых 
или антиметастатических препаратов, возможных исследований функций биомаркеров, а также для оценки микро-
окружения опухоли желудка.

Ключевые слова: ортотопическая ксенотрансплантация, рак желудка, иммунодефицитные мыши, PDX-модели, 
трансплантация
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INTRODUCTION

Every year, gastric cancer is diagnosed for the first 
time in more than 1 million people. At the moment, 
gastric cancer remains the fourth cause of cancer 
mortality  [1; 2]. Treatment of patients diagnosed 
with gastric cancer consists in the use of surgical 
methods, chemotherapy, immunotherapy. However, 
all these methods have limited effectiveness. Over 
a 20-year period, the proportion of patients with me-
tastases increased from 24 to 44 %, which indicates 
an urgent need for an optimized approach to both 
treatment and diagnosis [3]. More and more efforts 
are being made to find effective ways to research 
and understand the biology and therapeutic features 
of gastric cancer.

One of such approaches is the use of orthotopic 
cancer models obtained from patients (PDX stands 
for: patient derived xenograft) [4; 5]. The main ad-
vantage of PDX models is that tumor cells tend to 
consistently repeat the features of the original tumor, 
and the orthotopic implantation method can better 
simulate the natural environment of the tumor. It 
has been shown that for some types of tumors, the 
subcutaneous model has a lower rate of engraftment 
than the orthotopic one [6]. Orthotopic xenografts 
of tumors are one of the best experimental models 
for representing the mechanisms of spontaneous 
metastasis [7; 8].

This model is an important tool for providing sci-
entific substantiation of the relevance of new thera-
peutic combinations in gastric cancer. To study the 
growth and metastasis of gastric cancer, as well as 
to test the effectiveness of treatment and therapy, 
as well as testing new pharmacological substances, 
various methods of orthotopic transplantation to be-
stimus mice (Balb/c Nude) have been developed [9; 
10]. Although several methods are used to develop 
an orthotopic model, the optimal way to create it has 
not yet been determined.

The purpose of the study was to create an orthot-
opic PDX model of gastric cancer in immunodeficient 
Balb/c Nude mice using implantation and injection 
methods.

MATERIALS AND METHODS

Tumor sample
The tumor samples required for orthotopic trans-

plantation to laboratory animals were obtained from 
patients diagnosed with gastric cancer who were 
treated in 2022, from whom written permits were ob-
tained for the use of samples for research purposes.

Laboratory animals
All procedures related to in vivo studies on mice 

were carried out in accordance with the "Guide-
lines for the maintenance and use of laboratory 
Animals" [11]. 39 female immunodeficient Balb/c 

Table 1. Characteristics of tumor material donor patient, and evaluation of xenotransplantation results to immunodeficient 
Balb/c Nude mice

Method of 
xenotransplant 
isolation

Characteristics of tumor material donor patient 

Assessment of 
implantation 

outcomes 
(1st generation) 

Proce-
dure 

number

Donor 
patients 

sex

Method 
of sample 
isolation

TNM 
stage Micromorphology Prior 

therapy

Total number of 
transplantations / 

number of successful 
implantations 

Tumor fragment 
implantation 1

F
Distal 

subtotal 
resection

T3N2M0
Low-differentiated 
adenocarcinoma -

7/6

Injection 
of tumor 
suspension

2 7/0

Tumor fragment 
implantation 3

F
Distal 

subtotal 
resection

T3N1M0
Low-differentiated 
adenocarcinoma -

7/5

Injection 
of tumor 
suspension

4 7/0
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Nude mice were used to create tumor models. The 
animals were kept in the SPF-zone of the vivarium, 
in individually ventilated cages at a temperature of 
21–23 °C. The mice were provided with free access 
to food and water.

Creating an orthotopic model
The orthotopic PDX model of gastric cancer was 

obtained in two ways. The first method consisted 
in implanting a fragment of the patient's tumor into 
the gastric wall of Balb/c Nude mice along the large 
curvature. The second method was the injection of 
a homogenized crushed tumor of the patient into 
the gastric wall of Balb/c Nude mice along the large 
curvature. The tumor material was obtained from 
two patients. General characteristics of patients and 
evaluation of the results of tumor engraftment to 
animals are presented in the table 1.

Xenograft engraftment and growth were evaluated 
by performing control laparotomies 20 and 40 days 
after implantation and injection of tumor material. 
Surgical manipulations were performed using inject-

able anesthesia for laboratory animals using veteri-
nary drugs "Xylazine" and "Zoletil-100".

Assessment of the growth of tumor xenografts
Measurements of tumor nodes were performed 

during laparotomy using a caliper. The volume of tumor 
nodes was calculated by the formula: V = L × W2 / 2, 
where V is the volume of the tumor (mm3); L, W are 
the linear dimensions of the tumor (mm).

Histological examination
Fragments of tumor tissue were fixed in 10 % for-

malin for 24 hours, then subjected to dehydration, 
after which they were enclosed in paraffin. After that, 
microsections were prepared, which were stained 
with hematoxylin and eosin according to the stan-
dard procedure. A donor and xenogenic tumor were 
subjected to histological examination.

Statistical analysis
Statistical data processing was performed using 

the STATISTICA 8.0 software package. The results 
are presented as median values [25th and 75th per-
centiles].

Fig. 1. Generating an orthotopic PDX model by implanting a fragment of a human gastric cancer into the body wall of the immunodeficient 
mice stomach. A – dissection of the skin, muscles and tissue of the abdominal wall of an immunodeficient mouse; B – implantation of a 
human tumor fragment into the body of the mouse stomach; C – suturing of the mouse abdominal wall tissue; D – final appearance after 
transplantation.

А

C

B

D
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RESEARCH RESULTS

Modeling of gastric cancer on immunodeficient 
Balb/c Nude mice was carried out in two ways – the 
method of injection of a suspension of the patient's 
tumor cells; the method of implantation of a frag-
ment of the patient's tumor. To create xenografts, 4 
procedures were performed (2 procedures for each 
method). As part of one procedure, the model was 
created on a group of seven animals.

After surgery, the patient's tumor fragment was 
washed with a nutrient medium (DMEM and 1 % pen-
icillin/streptomycin) and areas with signs of necrosis 
were removed.

The first method of creating a PDX model was 
carried out as follows. The tumor was cut into small 
fragments (3 × 3 × 3 mm), then the resulting fragment 

was implanted into the gastric wall of an immunode-
ficient Balb/c Nude mouse. After anesthesia of the 
animal with the sedative "Xylazine" at a concentration 
of 20 mg/kg and the general anesthesia drug "Zoletil 
100" at a concentration of 50 mg/kg, layered dissec-
tion of the skin and tissue of the abdominal wall of 
the mouse was performed. After the expansion of the 
surgical wound with the help of anatomical tweezers, 
the stomach was isolated and the serous- muscular 
layer of the stomach was dissected along a large 
curvature. Then the resulting fragment of the donor's 
tumor was sewn with a ligature to the gastric wall at 
the site of the incision and the abdominal cavity and 
skin were sewn in layers (Fig. 1).

When using the implantation method for obtaining 
a PDX model during the control laparotomy proce-
dures, a positive result of the engraftment of tumor 
material was found (Fig. 2).

The tumors of the obtained PDX models retained 
identical histological features of the original tumors 
of the donor patients (Fig. 3).

The second method was as follows: the frag-
ments of the tumor were subjected to mechanical 
disaggregation, then the resulting suspension was 
transferred to a vial, passed through a filter and typed 
into a syringe. After that, an injection was carried out 
into the corresponding part of the gastric wall of an 
immunodeficient mouse.

DISCUSSION

When using the injection method to obtain a PDX 
model, no tumor growth was detected during the 
control laparotomy procedures. It can be assumed Fig. 2. Orthotopic xenograph of human gastric cancer on the 

gastric body of an immunodeficient mouse of the Balb/c Nude line.

Fig. 3. Histological preparations of gastric cancer. A is the patient's tumor (donor tumor). H&E staining. × 200; B – xenograft, 1st generation; 
C – xenograft, 2nd generation.

А B C
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that the absence of a positive result in the form of 
engraftment of tumor material and the formation 
of a tumor node was probably due to the phenome-
non of anoikis – a form of apoptosis that occurs in 
response to loss of connection with the matrix or 
caused by the separation of cells from neighboring 
cells caused by mechanical disaggregation. Thus, 
the method of injecting a suspension of tumor cells 
is insufficiently effective due to the complexity of 
manipulations and lack of effectiveness, as was 
shown in our study and in the researches of other 
authors [12; 13].

Implantation procedure No. 1 showed a result with 
86 % engraftment and tumor growth as a result of 
xenotransplantation during the first generation. The 
first laparotomy was performed 20 days after the 
operation. According to the results, the median vol-
ume of xenografts was 99.61 [70.44; 138.29]. With 
laparotomy performed after 40 days, the median 
was 221.21 [184.27; 202.17]. The second genera-
tion showed 100 % engraftment and faster tumor 
growth. The median volumes of xenografts were 
125.56 [106.21; 168.51] and 288.61 [223.48; 344.1] 20 
and 40 days after implantation, respectively (Table 2).

As a result of procedure No. 3, the growth of xe-
nografts was observed in five of the seven animals 
in the group at the 1st generation. At laparotomy on 
day 20, according to the results of measurements, 
the median volume of xenografts was 67.37 [55.35; 
118.59]. As a result of laparotomy on day 40, the 
median tumor size was 126.77 [104.76; 169.99].

The second generation was also characterized by 
higher growth rates. The median volumes of xeno-
grafts of the second generation were 157.71 [102.16; 
172.96] and 291.5 [251.42; 346.32] 20 and 40 days 
after implantation, respectively (Table 2).

The tumor pathology in both PDX and patients 
was a low-grade adenocarcinoma of a solid type. 
There were no changes in the degree of differentia-
tion as a result of xenograft passage (within the two 
generations obtained). The observations obtained in-
dicate the ability of xenotransplanted tumors of early 
generations (1st and 2nd generations) to accurately 
display the morphological features of donor tumors.

CONCLUSION

Up to the date, a number of methods of orthotopic 
transplantation have been developed, but each of 
them has disadvantages that limit its widespread 
use. As part of our study, 2 methods of creating an 
orthotopic model of gastric cancer were analyzed: 
injection and implantation. The injection method 
proved to be ineffective. The implantation method 
yielded a result with a high level of tumor engraft-
ment, i. e. 86 % and 100 % of the two patients' tumor 
materials. The presented method of creating a model 
allows us to transplant tumor tissue into the stomach 
orthotopically without additional labor, and also gives 
an effective result of tumor engraftment. The ob-
tained models can potentially be used for screening 
and evaluation of known and new drugs.

Table 2. Volumes of orthotopic xenografts of human gastric cancer of two consecutive generations 20 and 40 days after 
implantation of the tumor fragment to immunodeficient Balb/c Nude mice, presented as median (M) and interquartile span 
(implantation procedure No. 1, 3)

Procedure No. Generation Laparotomy М 25 percentile 75 percentile

Procedure 1

1
20 days 99.61 70.44 138.29

40 days 221.21 184.27 202.17

2 
20 days 125.56 106.21 168.51

40 days 288.61 223.48 344.1

Procedure 3

1 
20 days 67.37 55.35 118.59

40 days 126.77 104.76 169.99

2 
20 days 157.71 102.16 172.96

291.5 251.42 346.32
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