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ABSTRACT

Purpose of the study. Creation and study of models of primary multiple malignant tumors (MMPT model) under experimental
conditions.

Materials and methods. The study was carried out involving male and female BALB/c Nude mice (n = 42). Experimental groups
of mice: with melanoma B16/F10 (B16/F10), males (control 1) and females (control 3) by n = 7; control 2 — with sarcoma 45
(C45), males n = 7; control 4 — with Guerin carcinoma (KG), females n = 7; basic: MMPT model No. 1 - B16/F10 and S45, males
n =7, and MMPT model No. 2 - B16/F10 and GC, females n = 7. 0.5 ml suspension of murine B16/F10 melanoma tumor cells
diluted in the saline proportions 1:20 was injected under the skin of the left dorsal side to all animals with MMPT model, as
well as 0.5 ml of a suspension containing 0.50 x 10° S45 or GC tumor cells in the saline under the skin on the right dorsum.
Control groups received the same amount of tumors as the MMPT model.

Results. Tumors in male mice in MMPT model No. 1 appeared simultaneously and significantly earlier than in controls:
B16/F10 melanoma by 3 times, S45 by 2 times. Tumor zises in MMPT model No. 1 were larger than in the corresponding
controls: by 8.5 times at the area of B16/F10 melanoma inoculation and by 2.2 times at the area of S45 inoculation. Melanoma
metastasized under the S45 capsule. Tumor at the area of GC transplantation in MMPT model No. 2 grew 5 times faster than
at the area of B16/F10 melanoma injection; both tumors appeared on average 3 times earlier than in control groups 3 and
4. Tumor volumes in MMPT model No. 2 were larger than in the corresponding controls: by 7.5 times at the area of B16/F10
melanoma inoculation and by 2.2 times at the area of GC inoculation. However, almost the entire volume of the tumor node in
the area of B16/F10 melanoma transplantation was represented by GC tumor tissue due to metastasis from the primary GC
tumor. Melanoma remained as a small black spot with a diameter of 5-6 mm at the area of its inoculation under the skin. The
average survival of mice in MMPT models No. 1 and No. 2 was 1.5-2 times (p < 0.05) lower than in the corresponding controls.
Conclusions. Sequential subcutaneous transplantation of mouse B16/F10 melanoma and rat sarcoma 45 to BALB/c Nude
mice increased the malignant potential of each tumor: the time of their onset was shorter, and the growth rate of tumors
increased which decreased the survival of animals. Sequential subcutaneous transplantation of mouse B16/F10 melanoma
and Guerin's rat carcinoma to female BALB/c Nude mice suppressed tumor growth of B16/F10 melanoma and increased the
malignant potential of rat GC.
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OPUTUHATIBHAA CTATbA

MOZE/IMPOBAHUE NEPBUYHO-MHOXECTBEHHbIX 3/T0KAYECTBEHHBIX OMYXOJIEN
B IKCNEPUMEHTE

E. M. ®panuusuu, U. B. Kannuesa, B. A. bangoBkuHa, E. U. Cypukoea, U. B. Hecky6uHa, J1. K. Tpenutaku, 10. A. Moropenosa,
H. 1. YepsapuHa, E. A. Weiiko™, U. M. KoTueea, K. A. Lllymapuu

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
B4 esheiko@inbox.ru

PE3IOME

Lienb uccnepoBanus. CozaHue U usyyeHne Mogereil NepBMYHO-MHOXECTBEHHbIX 3/T0KAYECTBEHHbIX ONyxonei (Mogenb
MM30) B ycroBusiX 3KCNepuMeHTa.

Matepuanbl u MmeTogbl. Pa6oTa BbiNonHeHa Ha Mbllax 060ero nona nuHun BALB/c Nude (n = 42). 9kcnepuMeHTanbHble
rpynnbl Mbiwwei: ¢ MenaHomoi B16/F10 (B16/F10), caMubl (KOHTPosb 1) U caMKu (KOHTpOsb 3) M0 N = 7; KOHTPONb 2 —
¢ capkoMoii 45 (C45), camubl n = 7; KOHTpOSb 4 — ¢ KapuuHoMol 'epeHa (KI), caMku n = 7; ocHoBHble: Mogenb MM30 N2 1 -
B16/F10 n C45, camubl n =7 n moaenb NMM30 N2 2 - B16/F10 n KT, camku n = 7. Kaxxgomy XMBOTHOMY ¢ Mogesbto [MM30
NoA KOXYy CruHbl cnesa nepesusanu no 0,5 mn B3Becu knetok B16/F10 B ¢um3. pacTBope B pasBefeHun 1:20, cnpasa — no
0,5 mn B3BecK, cogepxkatyenn 0,5 x 10° knetok C45 nnu KI B ¢pmn3. pactBope. KOHTPONbHbIM MbiLLaM NepeBnBann onyxonm
B TOM Xe Konunyectse U 06bEMe, 4YTo 1 B mogenu NMM30.

PesynbraTtbl. B Mogenu NMM30 N2 1 onyxonu nosiBNsSAMCb OQHOBPEMEHHO, BbICTpee, YeM B KoHTpone: B16/F10 — B 3 pasa,
C45 - B 2 pasa. O6bEM Kaxxaon onyxonu B mogenu NMM30 N2 1 npeBbiwan o6bEM onyxosieit B COOTBETCTBYHOLMNX KOHTPO-
nax: B16/F10 — B 8,5 pasa, C45 - B 2,2 pasa. B16/F10 meTtactasupoBana rnopg kancyny ornyxonu C45. B mogenu NMM30 N2 2
onyxonb B MecTe nepeBuBku KI' BbipacTana B 5 pas 6bicTpee, 4eM B MecTe nepesnBku B16/F10, npu aTom, o6e onyxonu
NosBNSNIUCH B CpefiHeEM B 3 pasa paHbLue, YeM B KOHTponisix 3 u 4. 06bém onyxoneit B mogenu MM30 N2 2 npeBbliwan 06beM
onyxonei B COOTBETCTBYHOLLMX KOHTponsAx: B16/F10 — B 7,5 pasa, KI' — B 2,1 pa3a. OHaKo, 60/bLUYO YacTb OMNyXonu B 30He
BBefeHua B16/F10 saHumana TkaHb K BCriegcTBue eé MeTacTaTtuyecKoro otceBa U3 nepBuUYHoOM onyxonu. Tkavb B16/F10
COXpaHsanach B BUAE HEGOMbLIOIO YEPHOrO NSATHA B MeCTe e€ BBeAEHUS Nof KOXeN. CpeAHssA MPOAOSIKUTENBHOCTb XU3HN
MbiLwei B Mogensax MM30 N2 1 u N2 2 6bina B 1,5-2 pasa (p < 0,05) MeHblUe, YeM B COOTBETCTBYHOLLMX KOHTPOSIX.
3akntoyeHue. [MNocnepoBaTenbHas NOAKOXHas NepeBUBKa MbllLKMHON B16/F10 n kpbicuHolt C45 camuam Mbiwweit BALB/c Nude
yBenMuMBasna 3710Kka4eCTBEeHHbIN MOTeHLUMan Kaxaom U3 onyxonemn: onyxonu NosBAs/NCh paHbLUe U POC/IN aKTUBHEE, 4TO
CMOCO6GCTBOBASO YMEHbLLEHWUIO MPOAOSIKUTENBHOCTY XXU3HM XUBOTHbIX. [TocneaoBaTeNibHas NOAKOXKHasA NepeBUBKa Mbl-
lwunHow B16/F10 n kpbicuHon KI' camkam Mblwwein nnHumn BALB/c Nude cnoco6cTBoBana nogassieHMIO OMNyxo/ieBOro pocta
MbiLwmnHoM B16/F10 1 yBenuunsana 3nokavyecTBeHHbIN noTeHumnan KkpbicuHom KI.

KntouyeBble cnosa:
Mbiwu nuHumn BALB/c Nude, capkoma 45, kapunHoma lepeHa, menaHoma B16/F10, nonnHeonnasuu, camubl,
caMKu
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RELEVANCE

Despite the fact that malignant tumors, as a dis-
ease, have been known for a long time, their experi-
mental reproduction has not been possible for a long
time. That is why the creation of this pathological
process in an experiment became a major scientif-
ic achievement at the beginning of the last century.
Experimental models of tumors make it possible to
find out the causes, study the pathogenesis of the
tumor process, and develop methods for its preven-
tion and treatment [1]. Animal models are a power-
ful tool for studying the biology of neoplasms and
the mechanisms of influence of various pathogenic
factors on them [2-5], assessing the toxicity and ef-
fectiveness of new antitumor agents in preclinical
studies [4-8]. For these purposes, mouse and rat
models are most often used [9; 10]. Primary multi-
ple malignant tumors (MMPT) were first described
by Billroth T. and Reimer G. in 1889 and studied in
details by Warren S., Gates 0. in 1932. Based on the
criteria proposed by these authors, the diagnosis of
MMPT can be made if each tumor during histolog-
ical examination has clear evidence of malignancy,
is located separately from another tumor and is not
a metastatic dropout. Experimental models of multiple
homogeneous tumors-multiple myeloma (MMBD) in
NSG mice have been developed, which allow us to
investigate the mechanism of oncogenesis of this
pathology [11; 12]. In this study, it was found that,
compared with single, multiple homogeneous tumors
progress more slowly, but subsequently a more severe
form of MMBD develops. Since the number of cases
of MMPT increases every year, the issue of developing
experimental models to assess the pathogenesis of
this oncological disease in several tumors of different
genesis in one animal remains relevant. Experimental
oncology has a sufficiently large number of models
that can be used to solve many problems, but one of
the unresolved ones is the problem of the develop-
ment of malignant growth in various immunodeficien-
cy conditions. Primary immunodeficiency states are
a group of heterogeneous diseases characterized by
recurrent infections, autoimmunity, the course of which
is determined by lymphoproliferative diseases and
other malignant neoplasms. Immunodeficiency has
prognostic and practical consequences [13; 14]. Thus,
the increasing incidence of MMPT on the background
of primary immunodeficiency dictates the need to
study the pathogenesis of this oncological pathology.

16

The purpose of the study: to create and study
models of primary multiple malignant tumors in ex-
perimental conditions.

MATERIALS AND METHODS

The work was performed on BALB/c Nude mice
with genetically determined thymus aplasia (n = 42),
of which males (n = 21) and females (n = 21). Exper-
imental groups of mice: with melanoma B16/F10
(B16/F10) — males, control 1, and females, control 3,
n = 7; with sarcoma 45 (S45) — males, control 2, n = 7,
with Guerin carcinoma (GC) — females, control 4,n =7
and the MMPT models: MMPT model No. 1 (B16/
F10 and S45), n = 7 and MMPT model No. 2 (B16/
F10 and GC), n = 7. Work with animals was carried
out in accordance with the rules of the "European
Convention for the Protection of Animals Used in
Experiments" (Directive 86/609/EEC).

Reproduction of MT No. 1 consisted in succes-
sive subcutaneous inoculation of B16/F10 and S45
to male mice: 0.5 ml of suspension of B16/F10 at
a dilution of 1:20 in phys. the solution was injected
below the angle of the left scapula, 0.5 ml of sus-
pension S45 containing 0.5 x 106 cells was injected
below the angle of the right scapula. The control
was male mice with either B16/F10 or S45 in the
same dose and volume as in MMPT model No. 1.
To reproduce MMPT model No. 2, female mice were
used, which were sequentially transplanted with
B16/F10 and GC. The method of re-grafting was
carried out, as in MMPT model No. 1. However, if
below the angle of the left shoulder blade, 0.5 mi
of suspension B16/F10 was still injected into the
physical. In a dilution solution of 1:20, then 0.5 ml
of a GC suspension containing 0.5 x 10° cells was
injected below the angle of the right scapula. The
control was female mice with either B16/F10 or GC
in the same dose and volume as mice with MMPT
model No. 2.

Statistical processing of the obtained results was
carried out using the Student's parametric criterion on
a personal computer using the STATISTICA 10.0 pro-
gram and the nonparametric Wilcoxon-Mann-Whitney
criterion. All the results obtained were checked for
compliance with the law on normal distribution. Some
of the indicators corresponded to the law, some did
not. For those indicators that corresponded to the
normal distribution, we used parametric statistics,
for those indicators whose distribution did not cor-
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respond to the normal distribution, we used nonpara-
metric statistics. The differences between the two
samples were considered statistically significant at
p < 0.05.

RESEARCH RESULTS AND DISCUSSION

When reproducing MMPT model No. 1, the fol-
lowing results were obtained, which are presented
in Table 1.

As follows from Table 1, tumors B16/F10 and S45,
transplanted in an independent version, appeared ap-
proximately at the same time. At the same time, after
B16/F10 transplantation, tumors began to be palpated
from 11 days (3 mice, 42.8 %), from 45 — from 7 days
(1 mouse, 14.3 %) and 10 days (2 mice, 28.6 %). The
term of the end of the appearance of tumors in male
mice with B16 / F10 is 14 days (1 mouse, 14.3 %) and
15 days (1 mouse, 14.3 %), in male mice with S45-13
days (1 mouse, 14.3 %). In all mice with MMPT model
No. 1, tumors appeared earlier, already 1 week after

transplantation. At the same time, the tumor B16/F10
began to be determined in the form of a black millet
grain starting from 3 days after the transfer (2 mice,
28.6 %), and S45 - in the form of a white string 4-5 mm
long from 4 days after the transfer (3 mice, 42.8 %). The
deadline for the appearance of both tumors is 7 days
after the transfer (1 mouse, 14.3 %). Thus, in MMPT
model No. 1, with sequential grafting of tumors, tumors
B16/F10 appeared 3 times faster, and S45 2 times fast-
er than with independent grafting (Table 1). There was
no statistically significant difference in the timing of
the appearance of tumors of various histological struc-
tures, either in an independent or combined variant.

The volume of tumors in all animals was measured
before the death of the first mice with MMPT model
No. 1 — on the 20th day after transplantation. It was
found that the volume of each tumor transplanted
sequentially into one mouse exceeded the volume
of the corresponding tumors transplanted in the
standard isolated variant: B16/F10 — by 2.2 times,
S45 - by 3.2 times (Table 1).

Table 1. Features of growth of mouse B16/F10 melanoma and rat sarcoma 45 in the MMPT model No. 1 in male mice of the

BALB/c Nude line, (M + m)

Study object Control 1 (B16/

Control 2 (C45),

MMPT model No. 1,n =7

F10).n=7 n=7 B16/F10 C45
Date of appearance of the tumor, day 11.310.6 10.910.8 43104 5.4+0.62
The volume of the tur3110r3weeks 13401 11+0.1 29403 35403
after the transfer,cm
Life length, days 30423 43.0+29 22.0+0.6'2

Note: statistically significant difference is revealed in comparison with ' - isolated B16/F10 melanoma growth; 2 — isolated sarcoma 45 growth

(p < 0,05). B16/F10, i.e B16/F10 melanoma, S45, i.e. sarcoma 45.

Table 2. Features of the growth of mouse melanoma B16/F10 and rat GC in the MMPT model No. 2 in female mice of the

BALB/c Nude line, (M + m)

Control 3 (B16/

Control 4 (GC), MMPT model No. 2,n =7

Study object
F10),n=7 =7
0).n " B16/F10 GC
Date of appearance of the tumor, day 12.3+0.5 7.6 +0.4 4.0 0.6 2.7+0.5?
The volume of the tumor 2 weeks 0.2£0.09 3.8+0.2' 17401 8.4+0.92
after the transfer,cm
Life length, days 33324 24911.00 16.6 £0.8'2

Note: statistically significant difference is revealed in comparison with ' - isolated B16/F10 melanoma growth; 2 — with isolated growth of GC

(p < 0,05). B16/F10 — melanoma B16/F10, GC is Guerin's carcinoma.
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It was found that B16/F10 in MMPT model No. 1,
in addition to typical places (lungs, spleen, liver),
metastasized to S45 from the side adjacent to the
chest — under the capsule of the tumor node.

The life expectancy of the mice depended on
the histological type of tumor and the variant of
grafting: isolated or combined. Mice with isolated
growth of rat S45 lived for the longest time: their
minimum life expectancy was 35 days (2 mice,
28.6 %), maximum — 56 days (1 mouse, 14.3 %), av-
erage — 43 days (Table 1). Mice with isolated B16/
F10 growth lived on average 10 days less than mice
with S45, while their minimum life expectancy was
27 days (3 mice, 42.8 %), the maximum was 42 days
(1 mouse, 14.3 %). Mice with MMPT model No. 1
lived the least: their average life expectancy was
1.5 times (p < 0.05) less than in mice with isolated
growth B16/F10, and 2.0 times less than in mice
with isolated growth S45 (Table 1); their minimum
life expectancy was 21 days (3 mice, 42.8 %), the
maximum is 25 days (1 mouse, 14.3 %).

Thus, with successive subcutaneous grafting of
mouse B16/F10 and rat S45 to male mice of the
BALB/c Nude line, the malignant potential of each
of the tumors increased, which manifested itself
in shortening the time of their appearance and in-
creasing the rate of tumor growth and contributed
to a decrease in the life expectancy of animals with
MMPT model No. 1.

When reproducing MMPT model No. 2, the fol-
lowing results were obtained, which are presented
in Table 2.

In female mice of the BALB/c Nude line, rat GC,
with subcutaneous grafting, appeared on average
5 days earlier (p < 0.05) than mouse B16/F10, also
grafted under the skin. The period of the appearance

18

of the GC tumor is from 6 to 9 days from the moment
of transplantation, B16/F10 from 11 to 15 days. In
female mice with sequential grafting of two strains,
both tumors appeared almost immediately: GC in the
first mouse (14.3 %) the day after grafting, B16 /F10
two days later in 2 mice (28.6 %); the end date of the
appearance of GC 4-5 days (1 mouse, 14.3 %), B16/
F10 5 (3 mice, 42.8 %) — 6 (1 mouse, 14.3 %) days.
The tumor B16/F10 had the appearance of a black
millet grain, the tumor GC was a white rounded for-
mation with a diameter of 3.2 + 0.03 mm. Thus, in
MMPT model No. 2, both tumors appeared, on av-
erage, three times faster than with isolated grafting,
while there was no statistically significant difference
in the timing of the appearance of combined tumors
(Table 2). The volume of tumors in mice in all groups
was measured before the death of the first mice
with MMPT model No. 2 on 14 days from the mo-
ment of the transfer. Figure 1 shows a photograph
of a female with two tumor nodes after successive
transplantation of mouse B16/F10 (left) and rat GC
(on the right).

The volume of each tumor sequentially transplant-
ed into one mouse exceeded the volume of the cor-
responding tumors transplanted in an independent
variant: the tumor on the left (in the area of B16/
F10 grafting) compared with a single tumor B16/
F10 7.5 times, the tumor on the right (in the area of
GC grafting) compared with a single tumor GC — 2.2
times (Table 2). The subcutaneous tumor located at
the site of the B16/F10 grafting had an atypical ap-
pearance for melanoma: rounded shape, soft-elastic
elastic consistency, light color (with the exception of
a small spot, i.e. the grafting point, 3.4 £ 0.2 mm in
diameter, which was black in color, and a pronounced
venous network on the skin (Fig. 2).

Fig. 1. Type of subcutaneous tumors:
melanoma B16/F10 (left) and GC (right)

in a female of the BALB/c Nude line in the
experimental MMPT model No. 2; a black spot
is the place of melanoma grafting (arrow).
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Upon autopsy, it was found that GC in all mice
metastasized to B16/F10 and almost completely sup-
pressed its growth. Most of the subcutaneous tumor
located on the left was occupied by GC tissue. Mela-
noma B16/F10 was represented by a small "island" of
tissue of uneven color, located "on top" of the tumor
tissue GC. Immediately under the skin at the injection
site of B16/F10 cells, a tumor site with a diameter of
3.3 £ 0.2 mm of black color was visualized. Around
the dark "center" there was a light part B16/F10 of the
same loose pasty consistency as the dark part, with
a diameter of 6.5 + 0.3 mm. For the rest, the tumor on
the left had the appearance of an elongated node of
grayish-pink color, dense elastic consistency — just
like the tumor on the right, which was much larger in
volume. The right and left tumors did not merge with
each other, there was a small distance between them
of at least 2-3 mm. A small focus of caseous necro-
sis with a diameter of 6.8 + 0.2 mm was registered
in the center of the right tumor of the GC, there was
no necrosis on the left. The smaller size, absence of
necrosis, and visually more "young" tissue of the GC
on the left testified to its later occurrence than on the
right, which, combined with the remnants of B16/F10
soldered to the left tumor, indicated the metastatic
nature of the tissue of the GC on the left. B16/F10
did not metastasize even to typical sites, including
lungs. The rounded formation under the skin, located
below the left tumor, turned out to be the end of the
sternum, deployed by the right tumor node.

The life expectancy of female mice with MMPT
model No. 2 was minimal, a little more than 2 weeks
(Table 2). Female mice with isolated GC growth lived
a week longer. The life expectancy of female mice
with B16/F10 turned out to be maximum, more than
4 weeks (Table 2).

Thus, successive subcutaneous inoculation of
mouse B16/F10 and rat GC to female mice of the
BALB/c Nude line contributed to the suppression of
tumor growth of B16/F10 and increased the malig-
nant potential of GC.

CONCLUSION

Summiarizing the results obtained from the devel-
oped and studied experimental MMPT model No. 1
and MMPT model No. 2 in animals with congenital,
genetically determined immunodeficiency, it can be
concluded that with successive grafting of heteroge-
neous tumor material, the "manifests itself" of each
tumor depends on the histological structure, and,
consequently, the biological activity of both tumors.
With different combinations, the same tumor in the
MMPT model "behaves" differently. In one case, its
aggressiveness may increase (B16/F10 with simul-
taneous growth with S45 in MMPT model No. 1 in
males), which manifests itself not only in an increase
in its growth rate, but also in active metastasis, in-
cluding to another tumor (S45). In another case, its
growth is almost completely suppressed by the sec-
ond tumor (B16/F10 with simultaneous growth with
GC in MMPT model No. 2 in females).

In general, successive subcutaneous inoculation
of mouse B16/F10 and rat S45 to male mice of the
BALB/c Nude line increased the malignant potential of
each tumor: the period of their appearance accelerated
and the rate of tumor growth increased, which contrib-
uted to a decrease in the life expectancy of animals.
Successive subcutaneous inoculation of mouse B16/
F10 and rat GC to female BALB/c Nude mice contrib-
uted to the suppression of tumor growth in B16/F10
and increased the malignant potential of GC.

Fig. 2. View of the subcutaneous tumor
located on the left — the side of the melanoma
B16/F10 grafting in a female of the BALB/c
Nude line in the MMPT model No. 2, with a
pronounced venous network (arrow); below
the tumor is a rounded cartilaginous formation
with a diameter of about 5-6 mm.
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