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Radiopharmaceutical targeted medication based on biospecific antibodies to tumor-associated stroma elements and
Y7 utecium (Y7Lu-DOTA-anti-CTLA4-GITR) potential anti-tumor activity was studied in two courses: one-time administra-
tion and two injections with a considerable lag. Subcutaneously transplanted experimental colonic carcinoma (AKATOL;
cell line — CT26 EGFP) with high expression of green fluorescent protein (eGFP) and additional expression of target
tumor-associated stroma molecules — CTLA4 and GITR was used as a model in BALB/c male mice. The experimental
radiopharmaceutical targeted medication proved to possess high pharmacologic activity against the tumor under study.
It was apparent in valid increase of experimental animals’ mean lifespan, tumor debut latent period inhibition and
clinically valid tumor growth rate slowdown. Double administration of *”’Lu-DOTA-anti-CTLA4-GITR proved to be more
effective than one-time one, however neither of them managed to yield statistically valid difference in safety levels.
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Lenb — npoBecTn mccneposaHue Mo OLLEHKE MOTEHLMANbHOW MPOTMBOOMYXONEBOW aKTMBHOCTU TapreTHoro pagnodapma-
LeBTMYECKOro NeKkapcTBeHHoro npenapata Y’Lu-DOTA-anti-CTLA4-GITR npu aByx Kypcax BBeAEHMS: OOHOKPATHO M ABa
pasa Co 3Ha4YUTesIbHbIM MHTEpPBAJIOM.

Martepuanbi n MeToAbl. B KauecTBe Mogenu onyxonesoro npouecca UCnoib3oBanmn CybKyTaHHO TPAHCMIAHTUPOBAHHYIO CaM-
uam Mmblwer nuHnm BALB/c skcnepuMeHTanbHyo ageHokapumMHoMy ToncTtol kuwku (AKATOJT; knetouHas nnHua — CT26 EGFP)
C BbICOKOM 3KCmpeccuelt 3eneHoro ¢nyopecueHTHoro 6enka (€GFP) u mononHuTenbHOM 3Kcnpeccuenr LeneBbiX MONEKyn-
MULLIEHEeH onyxonb-accoumunpoBaHHoi ctpombl — CTLA4 u GITR.

Pesynbtatbl. [l0oka3aHo, YTO TecTMpyeMbliit panmodapMaLeBTUYECKMIn NeKapCTBEHHbIM npenapaT obnagaeT BbICOKOM dap-
MaKonornyeckon 3pGheKTUBHOCTbIO B OTHOLIEHWMM OLLEHMBAEMOro HOBOOOpPa30BaHMSA. ITO MpPOSBASNOCH B AOCTOBEPHOM
YBEJIMYEHUN CPeAHEeN NMPOAOMIKUTENBHOCTM XXM3HU MOAOMbITHBIX XXMBOTHbIX, MHTMOMPOBAHUM NAaTEHTHOrO NepuMoaa pPasBUTUS
OMyX0/M U KIIMHUYECKM 3HAYMMOM TOPMOXEHUW €e pocTa.

3aknoueHue. Kypcosoe npumeHenne Y’Lu-DOTA-anti-CTLA4-GITR B cpaBHMTeNbHOM acrnekTe okasanocb 6onee 3ddek-
TUBHbIM. [Ipy 3TOM CTATUCTUYECKM 3HAYMMbIX OTAMYMIA NO YPOBHIO 6€30MaCHOCTM MCMOMb30BaHUSA MeXAY OLEeHMBAEMbIMU
Kypcamu npuMeHeHus npenapaTa He YCTaHOBNEHO.

KnioueBble cnoBa: 6uocneundpuyeckoe aHtuteno kK CTLA4 u GITR ¢ pagmoHyknamaom Y7Lu; skcnepuMeHTasbHble UCCaeno-
BaHWS; OMYXO0Jb; aAEHOKAPLMHOMA TONCTOM KULIKKM; KONopeKTanbHbli pak; CT26; onyXxonb-acCoOLMMPOBAHHAS CTPOMA; MbILUM.
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BACKGROUND

The intensive development of immunology,
structural biology, and radiochemistry and the cre-
ation of effective biotechnological and radiophar-
maceutical production facilities according to GMP
standards have formed the prerequisites for the de-
velopment and introduction into clinical practice of
fundamentally novel classes of radiopharmaceutical
medicinal agents (RPMAs) based on highly selec-
tive targeting molecules, usually of an immuno-
biological nature, and radionuclides with different
emission spectra [18, 19]. The use of targeted RP-
MAs, especially preparations based on radionuclides
that are sources of a- or B-radiation, furthers broad
prospects for malignant neoplasm treatment that are
not very susceptible to traditional antitumor treat-
ment types, primarily due to the very selective lo-
calization in the area of the tumor process of a large
number of radioactive elements that have a non-
selective cytopathological action [6, 10, 13, 15].
This greatly increases the variability of the treat-
ment approach and its efficiency. Moreover, the
targeted nature of the RPMA mechanism of action
indirectly protects intact organs and tissues of the
body, reducing the systemic toxic effect of the drug
[3, 9, 11].

Various immunobiological drugs with targeted
action have long been successfully used in the
treatment of a large number of diseases, includ-
ing cancer [2, 4, 5, 14, 16, 18]. Nevertheless, the
RPMA range is becoming more extensive every
year, while technologies for the development and
production of drugs and their components (carrier
molecules, radionuclides, chelating complexes, aux-
iliary compounds) are being improved.

This study aimed to investigate the antitumor
activity of a new RPMA based on the '""Lu isotope
and a complex target carrier, a bispecific antibody
that combines membrane glycoprotein 4 associ-
ated with cytotoxic T-lymphocytes (CTLA4) and
membrane protein, tumor necrosis factor receptor
(GITR). The technique’s distinctiveness is deter-
mined precisely by the antibody properties, which
is able to bind selectively to conservative (not sub-
ject to tumor progression) target molecules of the
neoplasm microenvironment. The ability of RPMA
to interact specifically with the targets of the tumor
stroma enables theoretically to consider the drug
as a therapeutic agent against malignant tumors of
various initial histological types and localizations.

MATERIALS AND METHODS

The study was performed on 15 male labora-
tory BALB/c mice, obtained from a specialized
nursery for laboratory animals of the Federal Re-
search Center Institute of Cytology and Genetics
of the Siberian Branch of the Russian Academy of
Sciences (ICG SB RAS). The mice were quaran-
tined for 14 days and then transferred to the main
department of the vivarium. The maintenance of
mice, feeding, and maintaining the microclimate
in the vivarium corresponded to the rules in force
in global and Russian practice [1]. The experiment
was approved by the Commission on Bioethics of
the National Research Center Kurchatov Institute,
Petersburg Nuclear Physics Institute (conclusion
no. 04/1-KPB21, dated April 16, 2021).

The RPMA being tested, '""Lu-DOTA-anti-CT-
LA4-GITR, was developed by the A.M. Granov
Russian Scientific Center for Radiology and Sur-
gical Technologies of the Ministry of Health of
Russia. The drug was a clear solution, 1 ml of
which contained 0.1 mg of the target antibody;
7"Lu activity was at least 1.5 MBq.

To model the tumor process, a clone of ex-
perimental mouse colon adenocarcinoma (cell line
CT26 EGFR) from the collection of the NRC
Kurchatov Institute, Petersburg Nuclear Physics
Institute, was used. The pathogenesis of the tumor
assessed during the study is as close as possible
to the clinical presentation of the target disease
of colorectal cancer in humans. The tumor has a
high growth rate, significant invasive potential, and
satisfactory intensity of metastasis both by lym-
phogenous (the main method) and hematogenous
(mainly to the liver) mechanisms and is widely
used in fundamental and preclinical experiments
[7, 12, 20, 21]. Malignant cells were transplanted
to experimental animals at a dose of 10° cells per
individual by injection into the subcutaneous tissue
on the right side. Tumor material was taken for
study from donor animals from the second passage
of the neoplasm, after pathomorphological and im-
munohistochemical evaluation of the tumor. The tu-
mor tissue has been shown to contain a satisfactory
level of target molecules for therapy. Previously,
in the preliminary studies, we revealed that the
test drug '""Lu-DOTA-anti-CTLA4-GITR accumu-
lates in the tissue of the neoplasm under evaluation
(8, 17].
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Three experimental groups were formed:

e Group 1 (n=15): With assessment of the main pa-
rameters of growth and development of a tumor
in mice with a transplanted tumor

e Group 2 (n=15): With assessment of the antitumor
activity (functional suitability) of the tested drug
after a single injection

e Group 3 (n=15): With an assessment of the anti-
tumor activity (functional suitability) of the test
drug after duplicate injection (interval of 7 days).
Considering the rate of development of experi-

mental colon adenocarcinoma in mice, therapy was

performed according to two schemes:

1. A single application of the test drug 48 h
after neoplasm transplantation at a dose of 5 MBq/
mouse (group 2).

2. Double (course) application of the test drug
48 and 216 h after neoplasm transplantation at a
dose of 5 MBg/mouse (total dose 10 MBg/mouse;
group 3).

We believe that early prescription of therapy
(before the emergence of a clearly visible and
palpable primary tumor node) is justified by as-
sessment of the drug effect on the formation of
the tumor microenvironment and duration of the
latent period of development and of the possibility
of suppression by treatment with '7’Lu-DOTA-anti-
CTLA4-GITR tumor micrometastases.

The test drug efficiency was evaluated with
a conventional method. The following indicators
were analyzed:

* Duration of the latent period of the transplanted
tumor development (days before the emergence of
the primary tumor node, palpation)

e Tumor node growth dynamics with calculation of
tumor growth inhibition indices (mm?,%)

* Average life expectancy with the calculation of the
increase in life expectancy (days,%)

The size of the primary tumor node was assessed
by measuring in three mutually perpendicular sizes;
the effect of tissue edema in the peritumoral area
was not considered.

Tumor growth inhibition (TGI) was obtained us-
ing the following equation:

TGI (%) = [(V

control Vexperiment

) / Control] - 100%

where V' is the tumor volume in group 1 and the
experimental group, respectively. The clinically sig-
nificant level of difference was at least 50%.

The lifespan increment (LSI) was calculated as
follows:

ALS

control

LSI (%) = [ALS 1/ALS. 1-100%

experiment control

where ALS is the average lifespan of animals in
group 1 and the experimental group, respectively.
The clinically significant level was not <25%.

Statistical analysis of the study results was per-
formed using the SPSS program (USA). The data
obtained are presented as Me [Q —Q,] (median and
quartile range). The nature of the distribution of
the variants in the groups was tested using the
Kolmogorov—Smirnov method. These samples were
compared using the Mann—Whitney U-test, since
the distribution of the variants in the sample sets
was different from normal. A probability of at least
95% (p <0.05) was considered a significant level
of difference, which is the standard in biomedical
research.

RESULTS AND DISCUSSION

Transplantation of tumor cells from experimental
colon adenocarcinoma to BALB/c mice was suc-
cessful in all cases studied.

Table 1 shows the results of the effect of CT26
EGFR therapy with the test drug on the duration of
the latent period of neoplasm development recorded
in the test “determining the time of emergence of
the primary tumor node.”

According to the data, the applied radionuclide
therapy had a significant influence on the early
stages of neoplasm formation, inhibiting tumor
growth. Nonetheless, no significant differences
were found in the time of registration of the pri-
mary tumor node of colon adenocarcinoma between
the groups of mice that received the drug once or
twice (p > 0.05), although more pronounced sup-
pression of the tumor in the latent period was noted
during the course of administration of the study
drug. The estimated indicator was statistically sig-
nificantly higher in group 3 than in group 1 by an
average of 5 days (Table 1; p =0.015).

The analysis results of the influence of the drug
under study on the growth dynamics of the primary
tumor node are presented in Table 2 and Figs. 1
and 2.

Inhibition of the latent period of neoplasm de-
velopment with the use of the test drug contributed
significantly to a later and slower increase of the
tumor node. The inhibition of tumor growth was
more pronounced during the course application of
7TLu-DOTA-anti-CTLA4-GITR compared to its
single administration to experimental animals.
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Table 1 / Tabnuya 1
The effect of Y7Lu-DOTA-anti-CTLA4-GITR upon the time of primary palpable tumor node emergence in BALB/c mice
with transplanted CT26 EGFR (days since the moment of tumor transplantation; Me [Q,-Q,])

BnusHue npenapata ’Lu-DOTA-anti-CTLA4-GITR Ha BpeMs NosiB/IeHUS NEPBUYHOMO MasibNMPYEMOro OMNyX0ieBOro y3na y Mbl-
wen nuHun BALB/c ¢ TpaHcnnanTupoeaHHoi CT26 EGFR (cyTku 0T MOMeHTa TpaHcnnaHTaummu Hoeoobpasosanus; Me [Q -0,])

Experimental groups / O6cnemyeMble rpy bl

Group 1 (Control) / I'pynmna 1 (KonTposns)
19 [16-21]

Group 2 / I'pymnna 2
24 [18-25]

Group 3 / I'pynma 3
24 [24-271*

*Difference from mean values in group 1 are valid, p < 0,05. *OTnuune oT cpeAHUX MOKa3aTenel rpynnsl 1| JOCTOBEPHO HA IPH-
HATOM YpPOBHE 3HaunuMocTH, p < 0,05.

Table 2 / Tabauuya 2
The effect of Y’Lu-DOTA-anti-CTLA4-GITR upon the dynamics of primary tumor node growth in BALB/c mice with trans-
planted CT26 EGFR, mm?, Me [Q,-Q,]
BnusHue npenapata Y’Lu-DOTA-anti-CTLA4-GITR Ha AMHaMMKY pocTa OMyXO/eBOro y3na y Mbllei nuHumn BALB/c ¢ TpaHc-

nnanTuposanHoit CT26 EGFR, mm?, Me [Q,-Q,]

Day / Experimental groups / OGcnenyemble TpyIbl TGI/ TPO
Cyrtkn Group 1 / I'pynmna 1 Group 2 / I'pymnmna 2 Group 3 / I'pynna 3
20 12 [7-15] 3 [3-3]* - Group 2 / I'pynma 2 — 75%
22 24 [12-45] 11 [4-18] - Group 2 / I'pynna 2 — 54%
Group 2 / I'pynmna 2 — 72%
— _ * _Q*
24 108 [96-144] 30 [17-45] 6 [4-9] Group 3 / Tpymna 3 — 94%
Group 2 / I'pynna 2 — 61%
_ _ * _201*
26 216 [180-324] 84 [44-150] 24 [18-30] Group 3 / Ipymna 3 — 89%
Group 2 / I'pynmna 2 — 72%
_ _ * _ %
28 765 [594-936] 216 [140-360] 51 [18-90] Group 3 / Tpymna 3 — 93%
30 - 432 [342-513] 138 [39-252] -
32 - 693 [610-756] 396 [180-516] -
34 - 898 [756-1040] 732 [336-1040] -
36 - - 1248 [1033-1632] -

Note. TGI — tumor growth inhibition; clinically significant level, >50 %. *Difference from mean values in control group are valid,
p <0.05. Ilpumeuanue. TPO — TopMOKEHUE POCTA OMYXOTH; KINHUUIECKH 3HAYUMBINA ypoBeHb 0TnHUni, >50 %. *OTandne oT mo-
Ka3aTeJell KOHTPOJIbHON IPYIIIbl JOCTOBEPHBI HAa IPUHATOM yPOBHE 3HaUUMOCTH, p < 0,05.

cm? cm?
1500 2000
1500
1000 H
| j 1000
20 | é j 500 j
0 - w8 ca ¢ L] é 0 - & L} _ i _ 8 E ﬂ
20 22 24 26 28 30 32 34 36 20 22 24 26 28 30 32 34 3 38
Days / Cytku Days / Cytku
- Primary tumor node volume, control / Primary tumor node volume, control /

(06beM NEpBUYHOTO OMYXONEBOTO Y313, KOHTPOAb
Primary tumor node volume *”’Lu-DOTA-anti-CTLA4-GITR /
(O6bem nepsuuHoro omyxonesoro yana “’Lu-DOTA-anti-CTLA4-GITR

06beM NepBUYHOTO OMYXOTEBOTO Y3Na, KOHTPOMb
Primary tumor node volume *’Lu-DOTA-anti-CTLA4-GITR /
O6vem nepsuuHoro onyxonesoro yana “’Lu-DOTA-anti-CTLA4-GITR

Fig. 1. The effect of one-time introduction of ’’Lu-DOTA-anti- Fig. 2. The effect of course introduction of !’’Lu-DOTA-anti-
CTLA4-GITR upon the dynamics of primary tumor node CTLA4-GITR upon the dynamics of primary tumor node
growth in BALB/c mice with transplanted CT26 EGFR growth in BALB/c mice with transplanted CT26 EGFR

Puc. 1. BnusHue opHokpaTHoro npumeHenna '7Lu-DOTA-anti- Puc.2. BnusHue kypcoBoro npumeHenusa *’’Lu-DOTA-anti-CTLA4-

CTLA4-GITR Ha aMHaMMKy pocTa OnyX0neBoro ysnia y Mbi-
wevi nuHun BALB/c ¢ TpaHcnnanTupoBaHHoi CT26 EGFR

GITR Ha AMHaMKKy pocTa OnyXxoneBoro y3ia y Mbiluei u-
Huu BALB/c ¢ TpaHcnnaHTupoBaHHoi CT26 EGFR
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Table 3 / Tabauuya 3

The effects of '’Lu-DOTA-anti-CTLA4-GITR radiopreparation upon mean lifespan of BALB/c male mice with

C TpaHcniaHtTuposaHHoi CT26 EGFR, day, Me [Q,-0Q,]

BnuaHue npenapata Y’Lu-DOTA-anti-CTLA4-GITR Ha cpefHiol0 NPOAOSIXKUTENBHOCTb XM3HM Mbllwel nnHum BALB/c ¢ TpaHc-

nnaHTupoBaHHon CT26 EGFR, cyTku, Me [Q1‘Q3]

Experimental groups / O6cienyeMble rpyIsl

Group 1 / I'pynma 1 Group 2 / I'pynmna 2

Group 3 / I'pynma 3

LSI, % / YITX, %

28 [24-29] 34 [25-36]

Group 2 / I'pynna 2 21%

QT
38 [36-38] Group 3 / I'pynmna 3 36 %

Note. LSI — lifespan increment, clinically valid level of difference, >25%. *Difference from control group values are valid, p < 0.05.
Ipumeuanue. YIIDK — yBenuuenne mpogoKUTENBHOCTH KU3HHU; KIMHUYECKH 3HAYUMBIH YPOBEHb OTIHYHH, >25 %. *OTnnuue ot
MoKa3aTesieil KOHTPOIBHOM TPYNIIBI ZOCTOBEPHBI HA MPUHATOM YPOBHE 3HAUUMOCTH, p < 0,05.

Inhibition of the latent period of the tumor pro-
cess and clinically significant inhibition of the tu-
mor node in the treatment of experimental colon
adenocarcinoma in mice with the test drug resulted
in increased average life expectancy in mice with
transplanted colon adenocarcinoma. Table 3 reveals
the results of the analysis of this indicator.

A considerable increase in life expectancy,
10 days on average, was noted in the group of mice
that received the test drug than in the group of mice
that did not receive the treatment (p = 0.047). Con-
currently, a clinically significant level was reached.
The life expectancy of mice in group 2 (single
application of the test drug) did not significantly
differ from either the control values or the values
obtained in the group of mice that received the test
drug twice (Table 3).

CONCLUSIONS

1. The therapeutic targeted radiopharmaceuti-
cal drug ""Lu-DOTA-anti-CTLA4-GITR had high
pharmacological efficacy against the neoplasm be-
ing assessed, transplanted mouse colon adenocarci-
noma (cell line CT26 EGFR). This was manifested
in a significant increase in the average life expec-
tancy of the experimental animals, inhibition of the
latent period of tumor development, and clinically
significant inhibition of its growth.

2. The course application of '""Lu-DOTA-anti-
CTLA4-GITR was comparatively more effective
than a single administration in experimental ani-
mals.

3. The results of the study of the antitumor activ-
ity of '""Lu-DOTA-anti-CTLA4-GITR indicate the
need for preclinical and prospective subsequent
clinical studies of this drug in oncology.

ADDITIONAL INFORMATION
Author contribution. Thereby, all authors made a sub-
stantial contribution to the conception of the study, acquisition,

analysis, interpretation of data for the work, drafting and revis-
ing the article, final approval of the version to be published
and agree to be accountable for all aspects of the study.

Competing interests. The authors declare that they have
no competing interests.

Funding source. The work was funded within the
framework of the state task of the Ministry of Health of the
Russian Federation for research and development “Devel-
opment of radiopharmaceuticals based on monoclonal anti-
bodies for immuno-PET diagnostics and therapy of ZNO”
(2019-2021) and with the support of the Ministry of Sci-
ence and Higher Education of the Russian Federation
(project 075-15-2021-1360).

REFERENCES

1. Belozertseva IV, Blinov DV, Krasilshchikova MS, ed.
Rukovodstvo po soderzhaniyu i ispolzovaniyu labo-
ratornykh zhivotnykh. 8™ ed. Moscow: IRBIS; 2017.
336 p. (In Russ.)

2. Vasilev AG, Komyakov BK, Tagirov NS, Musaev SA. Per-
cutaneous nephrolithitripsy in the treatment of coral
calculus nephrolithiasis. Bulletin of The Saint Peters-
burg State Medical Academy named after I.I. Mechnikov.
2009;4(33):183-186. (In Russ.)

3. Tagirov NS, Nazarov TH, Vasilev AG, et al. The ex-
perience of using percutaneous nephrolithotripsy
and contact ureterolithotripsy in the complex treat-
ment of urolithiasis. Preventive and Clinical Medicine.
2012;4(45):30-33. (In Russ.)

4. Trashkov AP, Brus TV, Vasilev AG, et al. Biochemical
profile of rats with non-alcoholic fatty liver disease
of various gravity and its correction with Remaxol.
Pediatrician (St. Petersburg). 2017;8(4):78-85. (In Russ.)

5. Trashkov AP, Vasilev AG, Kovalenko AL, Tagirov NS.
Metabolic therapy of nephrolithiasis in two different
rat models of kidney disease. Eksperimentalnaya i Kli-
nicheskaya Farmakologiya. 2015;78(3):17-21. (In Russ.)
DOI: 10.30906/0869-2092-2015-78-3-17-21

@ llegunarp. 2022.T. 13. Boin. 6 / Pediatrician (St. Petersburg). 2022;13(6)

ISSN 2079-7850



ORIGINAL STUDIES / OPUTUHANBHBIE CTATbU

41

10.

11.

12.

13.

14.

15.

16.

Trashkov AP, Vasilev AG, Cygan NV, et al. Antithrom-
botic therapy in oncology: contemporary concepts
and pending problems. Pediatrician (St. Petersburg).
2012;3(2):3-19. (In Russ.)

Trashkov AP, Muzhikyan AA, Tsygan NV, et al
Comparative analysis of acridineacetate-containing
compounds’ radio-sensitizing effect during malig-
nant tumor experimental radiotherapy in a metastatic
colorectal cancer model in BALB/C mice. Pediatri-
cian (St. Petersburg). 2020;11(6):45-53. (In Russ.)
DOI: 10.17816/PED11645-53

Trashkov AP, Gagloeva TD, Budko Al, et al. Biodistri-
bution and kinetic characters of radiopharmaceuti-
cal medication based on biospecific antibodies to
tumor-associated stroma elements and 177 lutci-
um. Pediatrician (St. Petersburg). 2022;13(5)51-60.
DOI: 10.17816/PED13551-60

Trashkov AP, Panchenko AV, Kayukova ES, et al. Leike-
miya P-388 u myshei linii CDF1 kak test-sistema opuk-
hol-assotsiirovannogo neoangiogeneza i giperkoagu-
lyatsii. Byulleten’ Eksperimental’noj Biologii i Mediciny.
2014;158(10):500-502.

Khaytsev NV, Vasiliev AG, Trashkov AP, et al
The influence of sex and age upon response of white
rats to hypoxic hypoxia. Pediatrician (St. Petersburg).
2015;6(2):71-77. DOI: 10.17816/PED6271-77
Sheremeta MS, Trukhin AA, Korchagina MO. The use
of radioactive substances in medicine — history and
development prospects. Problems of Endocrinology.
2021;67(6):59-67.(In Russ.) DOI: 10.14341/probl12824
Gong JE, Jin YJ, Kim JE, et al. Comparison of cispla-
tin-induced anti-tumor response in CT26 syngeneic
tumors of three BALB/c substrains. Lab Anim Res.
2021;37(1):33. DOI:10.1186/542826-021-00110-3
Klingler M, Hormann AA, Guggenberg EV. Cho-
lecystokinin-2 receptor targeting with radiola-
beled peptides: current status and future direc-
tions. Curr Med Chem. 2020;27(41):7112-7132.
DOI: 10.2174/0929867327666200625143035

Ma X, Ding Y, Li W, et al. Diagnosis and manage-
ment of gastroenteropancreatic neuroendocrine
neoplasms by nuclear medicine: Update and fu-
ture perspective. Front Oncol. 2022;12:1061065.
DOI: 10.3389/fonc.2022.1061065

Morgenstern A, Apostolidis C, Kratochwil C, et al. An
overview of targeted alpha therapy with 22°Actinium
and #*Bismuth. Curr Radiopharm. 2018;11(3):200-208.
DOI: 10.2174/1874471011666180502104524
Pigarev SE, Panchenko AV, Yurova MN, et al. Evalu-
ation of the genotoxic and antigenotoxic poten-

17.

18.

19.

20.

21.

tial of lignin-derivative BP-C2 in the comet assay
in vivo. Environmental Research. 2021;192:110321.
DOI: 10.1016/j.envres.2020.110321

Panchenko AV, Popovich IG, Egormin PA, et al. Bio-
markers of aging, life span and spontaneous carcino-
genesis in the wild type and HER-2 transgenic FVB/N
female mice. Biogerontology. 2016;17(2):317-324.
DOI: 10.1007/s10522-015-9611-y

Sgouros G. Radiopharmaceutical Thera-
py. Health Phys. 2019;116(2):175-178.
DOI: 10.1097/HP.0000000000001000

St James S, Bednarz B, Benedict S, et al. Cur-
rent Status of Radiopharmaceutical Therapy. Int
J Radiat Oncol Biol Phys. 2021;109(4):891-901.
DOI: 10.1016/j.ijrobp.2020.08.035

Taniura T, lida Y, Kotani H, et al. Immunogenic chemo-
therapy in two mouse colon cancer models. Cancer Sci.
2020;111(10):3527-3539.D01: 10.1111/cas.14624
Tsygan NV, Trashkov AP, Litvinenko IV, et al. Autoim-
munity in acute ischemic stroke and the role of blood-
brain barrier: the dark side or the light one? Frontiers
of Medicine. 2019;13(4):420-426.

CMNCOK JINTEPATYPbI

1.

benosepuesa W.B., banHos [.B., Kpacunbwmkosa M.C.,
pen. PyKoBOACTBO MO COAEPXKAHUIO U UCMONb30BAHMIO
nabopaTopHbIX XMBOTHbIX. 8-e u3a. Mockea: MPBUC,
2017. 336. c.

Bacunbes A.lL, Komsakoe B.K., Tarmpos H.C., Myca-
eB C.A. YpeckoxHas HedpONUTOTPUNCUS B NEYEHUM
KopannoBugHoro HedpponuTtmasa // BectHuk CaHkT-
MeTepbyprckon  rocynapcTBEHHOW — MELULMHCKOMN
akagemmn M. UM, Meunukosa. 2009. N2 4(33).
C. 183-186.

Tarnpos H.C., Hasapos T.X., Bacunbes A.l,, u ap.
OnbIT NPpUMEHEHUS YPECKOXKHOM HedpONUTOTPUNCUM
M KOHTAaKTHOM ypeTeposUTOTPUNCUM B KOMIMIEKCHOM
NeyeHMm MovekaMeHHou 6onesHu // MNpodunaktuye-
CKasi U KnuMHMyeckas meamumHa. 2012, T. 4, N2 45,
C. 30-33.

Tpawkos A.M., bpyc T.B., Bacunbes A.l., n ap. bruoxmu-
MUYECKUt NPpOodUIb KPbIC C HEANKOTr0bHOM XXMPOBOH
60n1e3HbI0 NEYEHN PA3IMYHOM CTENEHU TSHKECTU U €ro
Koppekuus npenapatoM Pemakcon // Mepnatp. 2017.
T.8,N2 4. C. 78-85. DOI: 10.17816/PED8478-85
Tpawkoe A.l., BacunbeB A.l., Koanenko A.Jl.,
Tarnpos H.C. MeTabonuueckasa Tepanus MoyYekaMeH-
HOM 00Ne3HM Ha pasfIMYHbIX MOAENSIX MOPAKEHUS
noyek y KpbiC // DKCMepuMMEeHTaNbHas UM KIUHWYe-
ckasa dapmakonorna. 2015. T. 78, N¢ 3. C. 17-21.
DOI: 10.30906/0869-2092-2015-78-3-17-21

@ llepnatp. 2022.T. 13. Boin. 6 / Pediatrician (St. Petersburg). 2022;13(6)

elSSN 2587-6252



42

ORIGINAL STUDIES / OPUTUHANDBHBIE CTATbU

10.

11.

12.

13.

Tpawkos A.l., BacunbeB A.l., Libiran H.B., n ap. AHTH-
TpoMboTMYEeCKas Tepanusi B OHKOMOMMK: COBPEMEHHOE
COCTOS\HME Npo6neMbl M HepelleHHble BOMpoOChl //
Mepnatp. 2012. T. 3, N2 2. C. 3-19.

Tpawkos A.M., MyxukaH A.A., Libiran H.B., n ap. CpaBHK-
TENbHbIV aHaNN3 PaaMOCEHCUOUNM3NPYIOLLLErO AENCTBUS
COEAMHEHUMN, COAEPXKALLMX aKPUAOHYKCYCHYH KUCIOTY,
npy NPOBEAEHMM IKCNEPUMEHTANIBHOM ly4eBOW Tepanum
3/10Ka4YeCTBEHHbIX HOBOOOPA30BaHMI Ha MOAENN MeTa-
CTAaTMYECKOro KOMIOPEKTANIbHOMO paka y MbIWen NTMHUM
BALB/C // Mepomatp. 2020; T. 11, N2 6. C. 45-53,
Tpawkos A.l., lfarnoesa T.[., byabko AWM., u gp. Uc-
cnepoBaHue  BuopacnpeneneHns U KMHEeTUYeCKuX
XapaKTepUCTMK pagmModapMaLeBTMYECKOro  Jiekap-
CTBEHHOrO MnpenapaTta Ha OCHOBe Bucneundryeckmx
aHTUTEeN K 3N1eMEeHTaM OMyX0/b-acCoOLMUPOBAHHOM
CTpOMbl M u3oTona ntoteumns 177 // Mepmatp. 2022.
T.13,N2 5.C.51-60.DOI: 10.17816/PED13551-60
Tpawkos A.l., MaH4yeHko A.B., Katokosa E.C., n ap. Jleii-
kemnsa P-388 y mbiwer nnHmun CDF1 kak TecT-cucteMa
OMyX0/1b-aCCOLUMPOBAHHOIO HEOAHTMOreHe3a U runep-
Koarynaumu // bronneTeHb 3KCNepuUMeHTaNbHOM Buo-
normm u megmumHbl. 2014.T. 158, N2 10.C. 500-502.
Xarues H.B., BacunbeB A.lL, Tpawkos A.l., n gp. Bnusg-
HWe BO3pacTa M NoNa Ha XapakTep OTBETHbIX peakuui
6enbiX KpbIC NpY AENCTBMM XPOHUYECKOM TUMOKCHUYe-
ckon runokeun // MNepmatp. 2015.T.6,N2 2. C. 71-77.
DOI: 10.17816/PED6271-77

LLepemeta M.C., TpyxuH A.A., KopuarnHa M.O. Mpu-
MEHEHWE pPaAMOAKTUBHbIX BELLECTB B MeaMUMHE —
UCTopus M nepcrnekTuBbl passutug // Tpobnemsl
aHpgokpuHonormn. 2021. T. 67, N2 6. C. 59-67.
DOI: 10.14341/probl12824

Gong J.E., Jin YJ, Kim J.E., et al. Comparison
of cisplatin-induced anti-tumor response in
CT26 syngeneic tumors of three BALB/c sub-
strains // Lab Anim Res. 2021. Vol. 37, No. 1. P. 33,
DOI:10.1186/542826-021-00110-3

Klingler M., Hérmann A.A., Guggenberg EV. Chole-
cystokinin-2 receptor targeting with radiolabeled

¢ Information about the authors

14.

15.

16.

17.

18.

19.

20.

21.

peptides: current status and future directions // Curr
Med Chem. 2020. Vol. 27, No. 41. P. 7112-7132.
DOI: 10.2174/0929867327666200625143035

Ma X., Ding Y., Li W., et al. Diagnosis and manage-
ment of gastroenteropancreatic neuroendocrine neo-
plasms by nuclear medicine: Update and future per-
spective // Front Oncol. 2022. Vol. 12. P. 1061065.
DOI: 10.3389/fonc.2022.1061065

Morgenstern A., Apostolidis C., Kratochwil C.,
et al. An overview of targeted alpha thera-
py with 22°Actinium and 23Bismuth // Curr Ra-
diopharm. 2018. Vol. 11, No. 3. P. 200-208.
DOI: 10.2174/1874471011666180502104524
Pigarev S.E., Panchenko A.V., Yurova M.N., et al. Evalu-
ation of the genotoxic and antigenotoxic potential of
lignin-derivative BP-C2 in the comet assay in vivo //
Environmental Research. 2021. Vol. 192. P. 110321.
DOI: 10.1016/j.envres.2020.110321

Panchenko A.., Popovich I.G., Egormin PA., et al.
Biomarkers of aging, life span and spontaneous car-
cinogenesis in the wild type and HER-2 transgenic
FVB/N female mice // Biogerontology. 2016. Vol. 17,
No.2.P.317-324.D0I: 10.1007/s10522-015-9611-y
Sgouros G. Radiopharmaceutical therapy //
Health Phys. 2019. Vol. 116, No. 2. P. 175-178.
DOI: 10.1097/HP.0000000000001000

St James S., Bednarz B., Benedict S., et al. Current
status of radiopharmaceutical therapy // Int J Radiat
Oncol Biol Phys. 2021. Vol. 109, No. 4. P. 891-901.
DOI: 10.1016/j.ijrobp.2020.08.035

Taniura T, lida Y., Kotani H., et al. Immunogenic
chemotherapy in two mouse colon cancer models //
Cancer Sci. 2020. Vol. 111, No. 10. P. 3527-3539.
DOI: 10.1111/cas.14624

Tsygan NV, Trashkov A.P, Litvinenko LV, et al. Au-
toimmunity in acute ischemic stroke and the role
of blood-brain barrier: the dark side or the light
one? // Frontiers of Medicine. 2019. Vol. 13, No. 4.
P. 420-426.

¢ lHpopmauns 06 aBTopax

*Alexander P. Trashkov — MD, PhD, Head,

Center of Preclinical and Clinical Research.

B.P. Konstantinov St. Petersburg Institute of Nuclear Physics
NRC “Kurchatov Institute”, Gatchina, Leningrad Region, Russia.
eLibrary SPIN: 4231-1258;

e-mail: alexander.trashkov@gmail.com

* Corresponding author / ABTOp, OTBETCTBEHHbII 33 Nepenucky

*AnekcaHdp lMemposuy Tpawkos — KaHg. Mef. Hayk,
3aBenyroLWmid, LLeHTp LOKNMHUYECKUX U KIMHUYECKUX uccne-
noBaHuin. OIBY «MeTepbyprckuit UHCTUTYT S0epHON PU3UKM
nMm. b.IN. KoHcTaHTMHOBA HauMoHanbHOro MccnenoBaTenbCKoro
LeHTpa ,KypuaToBCKMIA MHCTUTYT », [aTunHa, JIeHMHrpaackas
06n., Poccus. elibrary SPIN: 4231-1258;

e-mail: alexander.trashkov@gmail.com

@ llegunarp. 2022.T. 13. Boin. 6 / Pediatrician (St. Petersburg). 2022;13(6)

ISSN 2079-7850



ORIGINAL STUDIES / OPUTUHANBHBIE CTATbU

43

¢ Information about the authors

¢ NHdopmaumns 06 aBTOpax

Tamara D. Gagloeva — Junior Research Associate, Center of
Preclinical and Clinical Research, B.P. Konstantinov Peters-
burg Nuclear Physics Institute of NRC “Kurchatov Institute”,
Gatchina, Leningrad Region, Russia; Junior Research Associate,
Neorocognitive Research Resource Center, National Research
Centre “Kurchatov Institute”, Moscow, Russia.

eLibrary SPIN: 1056-5503; e-mail: gagloeva_td@pnpi.nrcki.ru

Alexander I. Budko — Laboratory Researcher,

Center of Preclinical and Clinical Research.

B.P. Konstantinov Petersburg Nuclear Physics Institute of NRC
“Kurchatov Institute”, Gatchina, Leningrad Region, Russia. E-
mail: budko_ai@pnpi.nrcki.ru

Andrey N. Petrovskiy — MD, PhD,

Senior Research Associate, Center of Preclinical

and Clinical Research, B.P. Konstantinov Petersburg

Nuclear Physics Institute of NRC “Kurchatov Institute”, Gatchi-
na, Leningrad Region, Russia.

E-mail: petrovskiy_an@pnpi.nrcki.ru

Olyesya I. Timaeva — PhD, Academic Secretary.

Kurchatov Complex of Nano-, Bio-, Informational, Cognitive
and Socio-Humanitarian nature-like technologies. National
Research Centre “Kurchatov Institute”, Moscow, Russia.
E-mail: timaeva_oi@nrcki.ru

Nikolay V. Tsygan — MD, PhD, Dr. Sci. (Med.), Assistant Professor,
Leading Research Associate, Center of Preclinical and Clinical
Research, B.P. Konstantinov Petersburg Nuclear

Physics Institute of NRC “Kurchatov Institute”, Gatchina,
Leningrad Region, Russia; Vice-Head, Department of the Ner-
vous Diseases, Kirov Military Medical Academy,

Saint Petersburg, Russia. E-mail: tsygan_nv@pnpi.nrcki.ru

Andrei A. Stanzhevsky — MD, PhD, Dr. Sci. (Med.), Professor,
Leading Research Associate, Center of Preclinical and Clinical
Research, B.P. Konstantinov Petersburg Nuclear Physics Insti-
tute of NRC “Kurchatov Institute”, Gatchina,

Leningrad Region, Russia; Vice-Director Research,

A.M. Granov Russian Research Center for Radiology and Surgi-
cal Technologies, Ministry of Health of the Russian Federation,
Saint Petersburg, Russia. E-mail: stanzhevsky aa@pnpi.nrcki.ru

Andrey G. Vasiliev — MD, PhD, Dr. Sci. (Med.), Professor, Head,
Department of Pathologic Physiology with Course of Immu-
nopathology. St. Petersburg State Pediatric Medical University,
Ministry of Health of the Russian Federation, Saint Petersburg,
Russia. E-mail: avas7 @mail.ru

Dmitri N. Maistrenko — MD, PhD, Dr. Sci. (Med.), Professor,
Director. A.M. Granov Russian Research Center for Radiology
and Surgical Technologies, Ministry of Health of the Russian
Federation, Saint Petersburg, Russia. E-mail: info@rrcrst.ru

Tamapa [asudosHa [aznoesa — MA. HayyH. coTp., LleHTp no-
KIAMHUYECKMUX U KNMHUYECKMX uccnenoBanuii, ®IBY «lMetep-
Byprckuii UHCTUTYT sigepHoi du3nkm uM. b.IN. KoHcTaHTMHOBA
HaunoHanbHoro uccnenoBatenbckoro LeHTpa ,KypuaToBckuii
MHCTUTYT », JleHnHrpaackas obn., [atumHa, Poccus; Ma. HayuH.
CoTp., PecypcHbiit LeHTp HEMPOKOTHUTUBHBIX MCCNEA0BaHUM,
@IBY «HaumoHanbHbINA MCCNeaoBaTENbCKMI LeHTp “KypyaTos-
CKWI MHCTUTYT », MockBa, Poccus. eLibrary SPIN: 1056-5503;
e-mail: gagloeva_td@pnpi.nrcki.ru

AnekcaHop Meopesuy bydbko — nabopaHT-uccnensoBaTensb,
LIeHTp [LOKAMHUYECKUX U KIMHUYECKUX nccnenoBaHuin. OIBY
«[eTepbyprckuii UHCTUTYT aaepHoit dusnkm uM. b.I. KoHctak-
TMHOBa HauMoHanbHOro McciefoBaTenbckoro LeHTpa “Kypuya-
TOBCKUIM UHCTUTYT », [aTumnHa, JleHnHrpaackas obnactb, Poccus.
E-mail: budko_ai@pnpi.nrcki.ru

AHOpeli Hukonaesuy lemposckull — KaHA. MeA,. HayK, AOLEHT,
CT. HAY4H. COTp., LIeHTp AOKAMHMYECKMX U KIIMHUYECKUX Ucce-
noBaHui. OIBY «MeTepbyprckuii UHCTUTYT SAEePHON GU3MKK
uM. b.IM. KoHcTaHTMHOBa HauuoHanbHOro nccnenoBaTenbCKoro
ueHTpa “KypuaToBCKMIA MHCTUTYT », [aTumnHa, JIeHMHrpaackas
obnactb, Poccua. E-mail: petrovskiy an@pnpi.nrcki.ru

Onecs UpwamosHa Tumaesa — KaHA. XUM. Hayk,

yyeHbl cekpeTapb, KypyatoBckuin komnnekc HBUKC-
npupoponofobHbix TexHonornn. MIBY «HaunoHanbHbIN Mc-
cnenoBaTeNnbCckuid LeHTp “KypyaToBCKMiA MHCTUTYT », MOCKBa,
Poccusa. E-mail: timaeva_oi@nrcki.ru

Hukonati Bacuneesuy Lbi2aH — n-p MeL. HAyK, LOLEHT, BeA. Ha-
VYH. €oTp., LLeHTp AOKIMHUYECKMX M KIMHUMYECKMX UCCIEeL0Ba-
Huit, DOIBY «leTepbyprckuit UHCTUTYT S0epHOM DU3UKK

uM. b.MN. KoHcTaHTMHOBA HaumMoHanbHOro MccienoBaTenbCkoro
LeHTpa “Kyp4aToBCKMiA MHCTUTYT », TaTumnHa, JleHnHrpaackas
obnactb, Poccus; 3amectutenb HavanbHUKa, Kadenpa HepBHbIX
6onesHen, PrbBOY BO «BoeHHO-MeaMUMHCKasa akagemus

M. CM. KupoBa» MuHuctepctBa o6opoHbl Poccuitckort ®ene-
pauwmu, CankT-MeTepbypr, Poccus. E-mail: tsygan_nv@pnpi.nrcki.ru

AHOpeli Anekceesud Cmarmesckuli — A-p Med. Hayk, npodec-
COp, BEAYLLMIA HAYYHbIA COTPYAHMK, LLeHTp AOKNIMHUYECKMX

U KIMHUYECKUX uccnepoBanuii, OIBY «letepbyprckuit MHCTU-
TYT anepHon dusmkm um. b.IN. KoHctaHTMHOBa HaumoHanbHoro
MCCNEeN0BATENbCKOrO LEeHTPa “KypuaToBCKMIM UHCTUTYT »,
laTumHa, JleHnHrpapckas obnactb, Poccus; 3amectutens
LMpEeKTopa No Hay4Hoi pabote, IBY «PoccuMicKMii Hay4HbIN
LLeHTp PaAnonorumM U XMPYPruyeckux TEXHONOTUIA UM. aKag.
A.M. IpaHoBa» MuH3gpaBa Poccun, CankT-lMetepbypr, Poccus.
E-mail: stanzhevsky_aa@pnpi.nrcki.ru

AHOpeli [nebosuy Bacunves — A-p Mef. HayK, npodeccop,
3aBeayowmi Kadenpon natonornyeckon dusnonorum

€ KypcoM nmmyHonatonorun. ®bOY BO «CaHkT-
MeTepbyprckuii rocyaapCTBEHHbIN NeauaTpuyYeckmii MeamumH-
CKUI yHMBepcuTeT» MuHsgpasa Poccun, CankT-lMetepbypr,
Poccus. E-mail: avas7 @mail.ru

Lmumputi Hukonaesuy MaticmpeHko — A-p Me[. Hayk, npodec-
cop, ampektop. ®IBY «PocCUIACKMIA HayUHBIN LEHTP pasuonormm
N XMPYPru4ecKkmnx TexHonornm um. akag. A.M. fpaHoea» MuHs-
npasa Poccuu, CaHkT-Metepbypr, Poccus. E-mail: info@rrerst.ru

@ llepnatp. 2022.T. 13. Boin. 6 / Pediatrician (St. Petersburg). 2022;13(6)

elSSN 2587-6252



44

ORIGINAL STUDIES / OPUTUHANDBHBIE CTATbU

® Information about the authors

¢ NHdbopmaumsa 06 aBTopax

Christina A. Sergunova — PhD, Head Academic Secretary. Na-
tional Research Centre “Kurchatov Institute”, Moscow, Russia.
E-mail: sergunova_ka@nrcki.ru

Dmitri S. Sysoev — PhD, Head, Group for research and produc-
tion of equipment for nuclear medicine. A.M. Granov Russian
Research Center for Radiology and Surgical Technologies,
Ministry of Health of the Russian Federation, Saint Petersburg,
Russia. E-mail: info@rrcrst.ru

Sergei V. Shatic — PhD, Head Department Cyclotron Radio-
chemical Medications. A.M. Granov Russian Research Center
for Radiology and Surgical Technologies, Ministry of Health of
the Russian Federation, Saint Petersburg, Russia.

E-mail: s_shatik@hotmail.com

Dmitri O. Antuganov — Research Associate, Laboratory of Ra-
diopharmaceutical Technologies. A.M. Granov Russian Research
Center for Radiology and Surgical Technologies, Ministry of
Health of the Russian Federation, Saint Petersburg, Russia.
E-mail: info@rrcrst.ru

Andrei L. Konevega — PhD, Head of the Department

Molecular and Radiological Biophysics, B.P. Konstantinov Pe-
tersburg Nuclear Physics Institute of NRC “Kurchatov
Institute”, Gatchina, Leningrad Region, Russia; Head of the De-
partment Biomedical Technologies, National Research Centre
“Kurchatov Institute” Moscow, Russia.

E-mail: konevega_al@pnpi.nrcki.ru

KpucmuHa AHamonsesHa CepayH08a — KaHA. TeX. HaYK,
rMaBHbIA yyeHblit cekpeTapb. OIBY «HauunoHanbHbIA 1ccne-
[0BaTeNbCKMUI LeHTp “KypuaToBCKMiA MHCTUTYT », MockBa,
Poccus. E-mail: sergunova_ka@nrcki.ru

Amumpuii Cepeeesuy Cbicoes — KaHA. GU3-MaT. Hayk,
pyKoBOAMTENb rPyMMbl pa3paboTku 1 NMpoM3BOACTBA NpubOpoB
ons apepHoit MeauumHbl. OIBY «PoccMMCcKMit HayYHbIM LEHTP
pagvonorMn U XMpypruyecknx TeXHONOrMin UM. akas.

AM. IpanoBa» Mun3apasa Poccum, CaHkT-MeTepbypr, Poccus.
E-mail: info@rrcrst.ru

Cepaeli Bacunvesuy Lllamuk — kaHg. 6uon. Hayk,
pyKOBOAMTENb OTAENEHUS LMKIOTPOHHbLIX paauodapmnpe-
napatoB. OIBY «PoccHACKUMIA HayUHbIV LLEeHTp pafMonoruu
N XMPYPrUYECKMX TEXHONOTMI UM. akag. A.M. [paHoBa»
Mwun3gpasa Poccun, CankT-lNeTepbypr, Poccus.

E-mail: s_shatik@hotmail.com

Amumpuli One2o8uy AHMY2aHO8 — Hay4HbI COTPYAHUK,
nabopatopms pagmodapMaLeBTUHECKMX TEXHONOTUM.
OrBY «PoCCUICKMIA HAYYHBIN LEHTP PagMonorMm U xmpyp-
rMUYeCcKMX TexHonoruin um. akaa. A.M. IpaHoa» MuH3gpasa
Poccuun, Cankr-TMNeTepbypr, Poccusa. E-mail: info@rrcerst.ru

AHdpeli JleoHudosuy KoHeseza — KaHA. GU3-MaT. HaYK,
PYKOBOAMUTENb MONEKYNSPHOW M paguauUOHHON BUObU3NKK,
OIBY «MeTepbyprckuit UHCTUTYT SAEPHON BU3UKK

uM. b.MN. KoHcTaHTMHOBa HauMoHanbHOro nccnenoBaTesibcko-
ro ueHtpa “KypuaToBCKMit MHCTUTYT », faTumnHa, JleHuHrpaa-
ckas obnactb, Poccus; HayanbHUK oTaena 6UOMeaULMHCKUX
TexHonoru, ®IrbY «HaumMoHanbHbIM MCCIen0BaTENbCKUMA
ueHTp “KypyaToBCKMi MHCTUTYT », MockBa, Poccus.

E-mail: konevega_al@pnpi.nrcki.ru

@ llegunarp. 2022.T. 13. Boin. 6 / Pediatrician (St. Petersburg). 2022;13(6)

ISSN 2079-7850



