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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 x 3 x 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.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUTMHAJIbHASA CTATbA

MOZESIMPOBAHUE PAKA XEJTYAKA HA UMMYHOAEDULIMTHBIX MbILIAX MYTEM
OPTOTOMMUYECKONA KCEHOTPAHCI/TAHTALLUM

J1. 3. Kypb6aHoea, T. C. Kapacés, A. C. loHyapoBa™, E. H. Konechukos, A. 10. Makcumos, M. A. ABepkuH, A. B. lanuHa,
M. B. PomaHoBa, M. A. l'ycapesa, M. C. 3uHbKoOBUY

HMWL oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
M fateyeva_a_s@list.ru

PE3IOME

Lienb nccnepoBanus. CosfaHne nepeBMBaemMoin optotonunyeckoin PDX-mopenu paka xenyaka Ha UMMyHoAebULUTHBIX
Mbiwax nuHum Balb/c Nude npy nomoLm uMnaaHTaLMoOHHOMO U MHBEKLMOHHOIO CMOCO6OB.

Marepuanbl u MeToAbl. C Lenbio co3faHust optotonmyeckor PDX-Mopenu paka xenyfka YenoBeka 6blv MPUMEHEHDI
2 cnocoba — MHBEKLUMOHHbIA U UMMIAHTaLMOHHbIN. [epBbIi CNOCO6 3aK/oYancsi B UHbEKLUM CYCMEH3UU MeXaHUYeCcKu
JesarpernpoBaHHOI OMyXo/nu NauneHTa nocne uibTpaunm B CTEHKY Xenyaka Mbiwen nuHnm Balb/c Nude. nsa BToporo
cnoco6a Menkue pparmMeHTbl (3 x 3 x 3 MM) OMyX0JIM MNALUEHTOB 6bIIM UMMNIAHTMPOBaHbI MbillaM B CTEHKY XenyaKa rno
60/1bLLOV KPUBU3HE C pacceYeHneM CEPO3HO-MbILLEYHOrO CJI0S.

Pesynbrarbl. [1py NPYMEHEHNM UMMNAHTaLMOHHOIO cnocoba nosyyeHns PDX-Mofenu paka xenyzka Ha UMMyHoAeDULMUTHBIX
Mbiwax nuHum Balb/c Nude B xofie npouefyp KOHTPOSIbHOW lanapoToMuK, 6bin1 06HaPYXXeH MONOXMUTENbHbIN pe3ynbTaT
NPWXUBIEHMWS ONyX0NeBOro MaTepuana npu 1-o u 3-eit npoueaypax. MHbeKLMOHHbIN cnocob He fan adpheKTUBHOO pe-
3ynbTaTa — He 6bln1a NoJslyyeHa H1 ofgHa MoAaesnb. MTMCToTUN nonyYyeHHbIx PDX-Moaenei cpaBHMUBany ¢ JOHOPCKOM OMyX0sbto
1 NOATBEPXKAANM MPU NOMOLLYM MMCTONIOMMYECKOro UccnefoBaHmns (oKpalumBaHe reMaToKCUIIMHOM 1 303MHOM). CTeneHb
anbdepeHUMpOBKM OcTaBanacb CTabUNbHOW U He MeHsANach B pe3ynbTaTe NaccMpoBaHWUsA KceHorpadTa, YTo nokasano
VMAEHTUYHOCTb NONYYEHHOW MOAENN TMCTOTUMNY LLOHOPCKOM OMNYXOJu.

3aknoueHue. NpeacTaBneHHbIN UMNNAHTALMOHHbIA METOA, Co3laHnst Mofenu AaeT aPheKTUBHbIN pedynbTaT NPUXUB-
neHus onyxonu. MonyyeHHas Moaesnb NO3BONSIET UCMONb30BaTb €€ AN NPoBepKU 3PHEKTUBHOCTU NPOTUBOOMYXOSIEBbIX
WM aHTUMeTacTaTUYEeCKMX NpenapaTos, BO3SMOXHbIX UCCNefoBaHUIA PYHKLUMI GUOMapKepoB, a Takxe AJs OLLeHKN MUKPO-
OKPY>XEHWS OMYXONN enyaka.

KntoueBble cioBa: OpTOTONMYECKAsi KCEHOTPAHCNIAaHTaLMS, paK Xenyaka, UMMyHoaedbuumTHbIe Mbiwm, PDX-Mogenu,
TpaHcnaHTauums
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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

Characteristics of tumor material donor patient

Assessment of
implantation
outcomes

Method of (1¢t generation)
xenotransplant
isolation Total number of
Proce- Donor Method . .
. TNM . Prior transplantations /
nL?rlrJ:tfer pallee:ts ?ng?g:}e stage Micromorphology therapy number of successful
implantations
Tumor fragment
implantation 1 Distal 7/6
F subtotal TN.M Low-differentiated )
Injection resection 0 adenocarcinoma
of tumor 2 7/0
suspension
Tumor fragment
implantation 3 Distal UE
— F subtotal T.NM, Low-differentiated 3
Injection resection adenocarcinoma
of tumor 4 7/0
suspension
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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 x W2/ 2,
where V is the volume of the tumor (mm?); 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.
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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 x 3 x 3 mm), then the resulting fragment

e I

T

!

Fig. 2. Orthotopic xenograph of human gastric cancer on the
gastric body of an immunodeficient mouse of the Balb/c Nude line.

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. 3. Histological preparations of gastric cancer. A is the patient's tumor (donor tumor). H&E staining. x 200; B — xenograft, 1t generation;

C - xenograft, 2" generation.
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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 M 25 percentile 75 percentile
20 days 99.61 70.44 138.29
1
40 days 221.21 184.27 202.17
Procedure 1
20 days 125.56 106.21 168.51
2
40 days 288.61 223.48 3441
20 days 67.37 55.35 118.59
1
40 days 126.77 104.76 169.99
Procedure 3
20 days 157.71 102.16 172.96
2
291.5 251.42 346.32
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