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ABSTRACT

The article has a problematic scripting nature. At the present stage, in addition to objective factors that make  it 
difficult to create adequate experimental models of human oncogenesis, there is a significant backlog of domestic 
science in the development of this direction. This reduces the availability for Russian specialists of humanized immu‑
nodeficient animals corresponding to the level of research tasks. Based on the analysis of literature data, we discuss 
approaches that can expand the use of a widely available immunodeficiency animal model‑BALB/c nude mice. The 
possibility of using human mesenchymal stem cells that are not rejected by BALB/C Nude mice for local humaniza‑
tion of immunodeficient animals and improving the structural and functional characteristics of xenografts is con‑
sidered. The possibility of obtaining xenografts of human glioblasts supported  in the body of  immunocompetent 
BALB/c mice after serial passages of organotypic tumor spheroids in the brain of BALB/c nude mice is analyzed.

Keywords:
xenografts of human malignant tumors, BALB/c nude mice, humanization methods, mesenchymal stem 
cells, immunocompetent animals, sibs

South Russian Journal of Cancer 2020, v.1, №2, p. 28-35
https://doi.org/10.37748/2687-0533-2020-1-2-4
REVIEW



29

Для корреспонденции:
Жукова Галина Витальевна – д.б.н., старший научный сотрудник испытательного лабораторного центра 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: galya_57@mail.ru
ORCID: https://orcid.org/0000-0001-8832-8219
SPIN: 1887-7415, AuthorID: 564827
Scopus Author ID: 7005456284
Researcher ID: Y-4243-2016

Информация о финансировании: работа проведена при поддержке ФГБУ «НМИЦ онкологии» Минздрава России.
Конфликт интересов: авторы заявляют об отсутствии конфликта интересов.

Для цитирования: 
Жукова Г.В., Шихлярова А.И., Сагакянц А.Б., Протасова Т.П. О расширении вариантов использования мышей BALB/c nude для 
экспериментального изучения злокачественных опухолей человека in vivo. Южно-российский онкологический журнал. 2020; 1(2): 28-35. 
https://doi.org/10.37748/2687-0533-2020-1-2-4
Получено 27.12.2019, Рецензия (1) 11.02.2020, Рецензия (2) 18.02.2020, Принята к печати 01.06.2020

О РАСШИРЕНИИ ВАРИАНТОВ ИСПОЛЬЗОВАНИЯ МЫШЕЙ BALB/C NUDE 
ДЛЯ ЭКСПЕРИМЕНТАЛЬНОГО ИЗУЧЕНИЯ ЗЛОКАЧЕСТВЕННЫХ ОПУХОЛЕЙ 
ЧЕЛОВЕКА IN VIVO
Г.В.Жукова*, А.И.Шихлярова, А.Б.Сагакянц, Т.П.Протасова

ФГБУ «НМИЦ онкологии» Минздрава России, 
344037, Российская Федерация, г. Ростов-на-Дону, ул. 14-я линия, д. 63

РЕЗЮМЕ

Статья имеет проблемный, постановочный характер. На современном этапе, помимо объективных факто‑
ров, затрудняющих создание адекватных экспериментальных моделей человеческого онкогенеза, имеет 
место значительное отставание отечественной науки в разработке данного направления. Это снижает до‑
ступность для российских специалистов гуманизированных иммунодефицитных животных, соответствую‑
щих уровню исследовательских задач. В работе на основе анализа сведений литературы обсуждаются под‑
ходы, которые могут расширить варианты использования широкодоступной иммунодефицитной животной 
модели — мышей BALB/c nude. Рассматривается возможность использования мезенхимальных стволовых 
клеток человека, не отторгаемых мышами BALB/c nudе, для локальной гуманизации иммунодефицитных 
животных и улучшения структурно‑функциональных характеристик ксенографтов. Анализируется возмож‑
ность получения ксенографтов человеческих глиобластом, поддерживаемых в  организме иммунокомпе‑
тентных мышей BALB/c после серийных пассажей органотипических сфероидов опухоли в головном мозге 
мышей BALB/c nude.

Ключевые слова:
ксенографты злокачественных опухолей человека, мыши BALB/c nude, методы гуманизации, мезен‑
химальные стволовые клетки, иммунокомпетентные животные, сибсы

Южно-российский онкологический журнал 2020, т.1, №2, с. 28-35
https://doi.org/10.37748/2687-0533-2020-1-2-4
ОБЗОР



30

South Russian Journal of Cancer 2020, v.1, №2, p. 28-35
G.V.Zhukova*, A.I.Shikhliarova, A.B.Sagakyants, T.P.Protasova / About expanding options for using BALB/c nude mice for experimental study 
of human malignant tumors in vivo

The goal of the scientific direction for cre‑
ating effective models of human tumors  is to 
reproduce human oncogenesis and related sys‑
temic changes as completely as possible in the 
body of experimental animals. This model  is 
designed to provide an objective assessment 
of the effectiveness of anti‑cancer drugs and 
technologies  in relation to specific patients, 
as well as to clarify the mechanisms of devel‑
opment of human malignant tumors [1, 2]. At 
the present stage, the most promising models 
of the "avatar" type are considered to be immu‑
nodeficient animals that are transplanted with 
human hematopoietic stem cells (HSCs) and bi‑
opsy material obtained directly from cancer pa‑
tients (patient derived xenograft, PDX) [1–3]. At 
the same time, there are a number of problems 
that make it difficult to reproduce the malignant 
process and the main part of the human  im‑
mune and hematopoietic systems  in the body 
of such animals [1, 2, 4].

First, a significant restriction on the use of hu‑
manized animals is the development of the graft‑
versus‑host disease reaction, which occurs at 
different times depending on the type of human 
cells that are used for humanization, and inevita‑
bly leads to the death of animals. Secondly, the 
modern development of humanization methods 
allows us to recreate only some parts of the hu‑
man immune system, and they are only partially 
reproduced. More complete restoration of pop‑
ulations of  various blood cells  in most cases 
requires the  inclusion of transgenesis methods 
and additional research, which significantly re‑
duces the availability of such animals.

In addition to objective factors that make  it 
difficult to create adequate experimental mod‑
els of human oncogenesis, there  is a historical 
situation of a significant backlog of Russian 
science in the development of this direction. In 
Russia, there  is no  industry for the production 
of  various versions of humanized  immunodefi‑
cient animal models for fundamental and clin‑
ical medicine, which  is already established  in 
the United States, Western Europe, and China 
[1–3]. Thus, a serious problem is the high cost 

of animals belonging to the modern popular im‑
munodeficiency lines NSG (NOD/SCID gamma 
mouse) and BRG (BALB/c Rag2), which are 
produced mainly  in foreign laboratories [2]. At 
the same time  it′s well known, that  immunode‑
ficient BALB/c nude mice the most available 
to Russian researchers are not suitable for the 
main humanization procedures involving the in‑
troduction of either mature human peripheral 
blood mononuclears (h‑PBL) or human hemato‑
poietic stem cells (h‑HSCs) [1, 2].

In our opinion, in this situation, in parallel with 
the development in accordance with foreign stan‑
dards, we should also develop other approach‑
es that allow us to obtain scientific and practi‑
cal results based on available animal models. 
In this regard, it seems appropriate to carry out 
exploratory research  in two directions. The first 
direction  involves  identifying effective modes 
of coimplantation of BALB/c nude  xenografts 
of malignant tumors and human mesenchymal 
stem cells (MSCS) in mice to approximate the 
growth characteristics of transplants in the body 
of immunodeficient animals to the parameters of 
the original malignant process. The second di‑
rection may be related to the use of BALB/c nude 
mice to produce human glioblastoma xenografts 
that aren’t rejected by their  immunocompetent 
heterozygous sibs.

About the possibility of implantation 
of xenografts of human malignant tumors 
and human mesenchymal stem cells (MSCs) 
in mice BALB/c nude
When experimentally using  xenografts of 

human malignant tumors, the key question  is 
whether their structural, kinetic, invasive and met‑
astatic characteristics correspond to the param‑
eters of the  initial malignant process [1–4]. It  is 
known that cells of the  immune system actively 
participate  in the development of tumors, exert‑
ing an  inhibitory or, on the contrary, stimulating 
effect on malignant cells, depending on specific 
systemic and local changes  in the tumor‑bear‑
ing organism [5–7]. In addition to the modifying 
action of the  immune system cells, the achieve‑
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ment of such compliance  is largely determined 
by the adequate  xenograft microenvironment, 
which may strongly influence on the development 
of the tumor and its sensitivity to therapeutic ef‑
fects [4, 5, 8]. This  is why orthotopic PDX trans‑
plantation, which  involves the transfer of biopsy 
material to areas similar to the loci of the original 
tumor development, has undoubted advantag‑
es over heterotopic subcutaneous transplanta‑
tion [1, 2, 4]. Thus, in the case of orthotopic trans‑
plantation, PDX growth is supported by cells that 
are heterologous to human tissues, but function‑
ally similar to them, and their constellations of 
the animal body located in the peritumoral zone. 
At the same time, orthotopic PDX transplantation 
cannot fully provide similarity to the malignant 
process in the human body [4, 5, 8].

Meanwhile, the results of a number of stud‑
ies  indicate the prospects of using human 
mesenchymal stem cells (MSCs) to overcome 
significant differences between the growth of 
primary tumors and their transplants in the body 
of immunodeficient animals, mainly NOD/SCID 
mice. As you know, MSC are multipotent stro‑
mal cells that are localized in different organs 
and tissues (cord blood, bone marrow, adipose 
tissue, dental pulp, placenta, etc.), which have 
the ability to differentiate  into  varied types of 
cells (osteocytes, chondrocytes, adipocytes, 
etc.) and migrate to the area of the tumor or 
the focus of inflammation [11, 12]. At the same 
time, it is assumed that MSCs can be differen‑
tiated directly  in the tumor zone. It  is known 
about the immunoregulatory effects of human 
MSCs in NSG mice [13]. Of great importance is 
the question of the interaction of human MSC 
and malignant cells, about which there is con‑
flicting  information. Thus, the  inhibitory effect 
of human MSCs on the growth of orthotopically 
transplanted xenografts of the U87MG line cells 
was shown [14]. At the same time, accumulat‑
ed data indicate the key role of MSCs in tumor 
progression due to their ability to facilitate ep‑
ithelial‑mesenchymal transition and  increase 
tumor metastatic potential by their interaction 
with tumor cells [11, 15]. The ability of MSC to 

enhance regenerative processes also  indirect‑
ly  indicates the tumor‑stimulating potential 
of these cells [16,  17]. The diverse effects of 
human MSCs on  xenograft growth, obviously 
are depended on the difference  in the types 
of interaction between human MSC and tumor 
cells  — direct  intercellular  interaction or  indi‑
rect modulation through the release of cyto‑
kines and other biologically active factors [18].

Recently, however, the  view of MSCs as tu‑
mor‑stimulating factor has begun to dominate. 
Thus, the results of a meta‑analysis and a sys‑
tematic review of a number of studies pub‑
lished  in 2018  indicate that the  introduction of 
MSCs contributes to an increase in the number of 
metastases and the frequency of metastasis by 
1.25–2.0 times compared to the control parame‑
ters [19]. Very impressive results were obtained in 
an earlier period by American researchers from 
the University of Salt Lake Сity [20]. It was shown 
that orthotopic transplantation of breast tumors 
of major molecular subtypes directly from pa‑
tients to NOD/SCID mice, accompanied by  im‑
plantation of human MSCs supports a significant 
number of characteristics of the original tumors. 
The authors used fresh tissue fragments from 
primary tumors or samples of metastatic breast 
cancer cells collected immediately after surgery 
or ascitic fluid drainage from 42  different pa‑
tients. At the same time, xenografts of the tumor 
were propagated by serial transplantation with‑
out any stages of in vitro cultivation, which elim‑
inated the problem of selective adaptation to the 
conditions of cultivation. As a result, new mod‑
els of breast tumor growth and metastasis in the 
form of transplantable tumors obtained directly 
from patients were proposed. The grafted mate‑
rial largely reflected the diversity of breast cancer 
forms and preserved critical features of parent 
tumors, including histological features, metas‑
tasis sites, clinical markers, gene expression 
profiles, number of DNA copies, and estrogen de‑
pendence for ER+tumors. At the same time, the 
combined administration of human MSCs with 
the tumor material maintained the stability of the 
properties of the original tumors and accelerated 
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the proliferation of malignant cells, stimulating 
angiogenesis. Moreover, the survival rate of the 
obtained  xenografts had a prognostic  value by 
clearly correlation with the patient′s lifespan [20].

In our opinion, the above  information sug‑
gests the prospects of using human MSCs 
to  improve the growth of  xenografts of human 
malignant tumors  in BALB/c nude mice. Unlike 
h‑PBLs and h‑HSCs human MSCs are not reject‑
ed by these immunodeficient animals [12, 16], so 
the introduction of such cells can be considered 
as a kind of local humanization of BALB/c nude 
mice. At the same time, attention should be paid 
to a number of conditions and strategies, the 
significance of which for optimizing the growth 
of xenografts using human MSC should be sub‑
jected to a conscientious study. In our opinion, 
first of all, it is the use of PDX, rather than immor‑
talized cell cultures, as well as the search for ef‑
fective modes of administration of human MSCs, 
that may be especially  important  in the case of 
subcutaneous xenograft transplantation.

About the possibility of using 
BALB/c nude mice to produce human 
glioblastoma xenografts that are not rejected 
by their immunocompetent heterozygous sibs
The second direction of research, which may 

also be promising, is related to the use of  immu‑
nocompetent animals. This circumstance seems to 
us  very  important due to the fundamental  impos‑
sibility of comprehensive reproduction of human 
oncogenesis and, especially, human  immune and 
hematopoietic systems in the body of immunodefi‑
cient laboratory animals [1, 4. 8]. In this regard, it is 
of great  importance to create  immunocompetent 
animal models that can support the growth of xeno‑
grafts of human malignant tumors. In this case, we 
are talking about the feasibility of reproducing and 
further developing studies on BALB/c nude mice 
and their  immunocompetent sibs that were previ‑
ously carried out by researchers at the University of 
Bergen (Norway) on nude rats and immunocompe‑
tent heterozygous animals of the same brood [8].

The aim of this work was to create a model 
of human infiltrative glioblastoma growing in im‑

munocompetent animals. The choice of an ani‑
mal model with a complete immune system was 
due to the low translational significance of the 
results obtained on  immunodeficient animals. 
The objects of the research were nude and  im‑
munocompetent Rowett rats of both sexes at the 
age of 8–12 weeks. The biopsy material obtained 
from patients during neurosurgical interventions 
was  initially cultured as organotypic spher‑
oids in accordance with a previously developed 
procedure [21]. The study of spheroids involved 
light and electron microscopy revealed morpho‑
logical features similar to those of the original 
tumor tissue. They differed from the features 
of spheroids obtained from permanent cell cul‑
tures. The spheroids contained vessels, connec‑
tive tissue, and macrophages, showing a marked 
similarity to the structure of the original tumor. 
Flow cytometry with an assessment of the cell 
cycle  in the samples revealed the same ploidy 
and the same number of proliferating cells  in 
the spheroids as in the original tumor. For trans‑
plantation, spheroids were selected that did not 
show a decrease in size after 80 days of cultiva‑
tion. Spheroids with a diameter of 400 microns 
were implanted in the right hemisphere of the ce‑
rebral cortex to a depth of 2.5 mm. the Growth of 
spheroids in the brain of animals was evaluated 
using MRI.

It was shown that human glioblastoma xeno‑
grafts in the form of organotypic spheroids seri‑
ally passed in the brains of Rowett nude rats later 
can develop in the brain of their immunocompe‑
tent sibs, in contrast to spheroids obtained di‑
rectly from the biopsy material of patients. In the 
case of engraftment  in  immunocompetent rats, 
growth of  xenotransplants was observed  in the 
absence of leukocyte  infiltration of the tumor 
bed, just as it occurred in nude animals. Graft re‑
jection was associated with massive  infiltration 
of the tumor bed by white blood cells, mainly ED1 
+ microglia/macrophage cells, CD4 + T‑helper 
cells, and CD8 + effector T‑cells, and also cor‑
related with elevated levels of pro‑inflammatory 
cytokines IL‑1β, IL‑18, and TNF‑α in serum. It was 
noted that the adaptation of the human tumor 
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to the brain of an immunocompetent animal oc‑
curred after several cycles of passivation  in the 
brain of nude rats and was characterized by a 
pronounced weakening of the  infiltration of the 
tumor by microglia cells. In addition, there was 
a decrease in tumor production of those chemo‑
kines that contributed to the migration of white 
blood cells and their penetration into the Central 
nervous system. Thus, during serial passaging in 
the brain of nude rats, human glioblastoma cells 
acquired the ability to avoid and/or suppress 
host  immune responses and subsequently take 
root  in  immunocompetent rats without signs of 
an inflammatory response.

Currently, it’s not possible to characterize the 
mechanisms that provide the tolerance of immu‑
nocompetent heterozygous Rowett rats to human 
glioblastoma cells. The authors assumed that 
the development of tolerance is associated with 
a sufficiently high content of regulatory immune 
cells [22]. There  is also an  important question 
about the therapeutic context of this phenome‑
non — whether a human tumor that develops  in 
animals with a complete  immune system can 
retain  its structural and functional features and 
sensitivity to the action of antitumor agents. If 
the response is positive, this model can provide 
significant progress  in the development of ef‑
fective personalized antitumor treatment. Thus, 
it seems appropriate to carry out the similar re‑

searches on BALB/c nude mice and their het‑
erozygous sibs. If the result obtained  in Rowett 
rats  is reproduced on mice, further research 
should be carried out to determine whether the 
characteristics of  xenografts supported by  im‑
munocompetent animals correspond to the  in‑
dicators of the malignant process in the human 
brain. In our opinion, in the latter case, experi‑
mental and clinical studies should include a com‑
parative analysis of neuronal‑glial relations  [23], 
as well as changes in the immune system of the 
brain [24] with the growth of xenografts and orig‑
inal tumors, both as in cases of coincidence as at 
mismatch of their structural and functional char‑
acteristics and sensitivity to the action of tested 
antitumor agents.

CONCLUSIONS

We assume that the successful realisation 
of the suggested research directions, one of 
which is related to the local humanization of im‑
munodeficient BALB/c mice with human mesen‑
chymal stem cells, and the other — with the use 
of immunocompetent BALB/C nude mouse sibs 
to ensure the growth of xenografts of human glial 
tumors in the absence of immune deficiency, can 
make a significant contribution to the develop‑
ment of informative experimental models of the 
malignant process in humans.
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