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The implication of liquid hemostatic matrices to prevent hemorrhages
during stereotactic biopsy of brain tumors

E. E. Rostorguev™, N. S. Kuznetsova, S. E. Kavitskiy, B. V. Matevosyan, G. A. Reznik,
V. E. Khatyushin, 0. I. Kit

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
X ed.rost@mail.ru

ABSTRACT

Purpose of the study. Development of a method for preventing hemorrhages during stereotactic biopsy of a brain tumor using
liquid hemostatic matrices on the example of the drug "Floseal®".

Patients and methods. The target of the biopsy is the most representative area of tumor tissue according to the data of various
modalities of MRI neuroimaging, including contrast-enhanced ones. Out of 133 patients, 60 patients with signs of intraoperative
bleeding along the biopsy needle cannula were included in the study group. Further, patients with signs of intraoperative bleed-
ing along the cannula of the biopsy needle were divided into 2 subgroups by independent sequential randomization. Control
subgroup (n = 45): cases with signs of intraoperative bleeding of varying severity were operated on, according to the standard
technique, without the use of the liquid hemostatic drug Floseal®. The main subgroup (n = 15): in case of intraoperative signs
of bleeding, the hemostatic fluid drug Floseal® was injected into the area of tumor material removal.

Results. In 6.7 % of patients of the control subgroup, the formation of massive intracerebral hemorrhages was noted in the
postoperative period. In 53.3 % of the observations of the control subgroup according to X-ray computer examinations of the
brain, there were signs of minor hemorrhages at the point of tumor material collection, which did not require repeated surgical
interventions. Postoperative hemorrhages after injection of the Floseal® liquid hemostatic matrix into the biopsy needle in the
study subgroup were not detected according to neuroimaging X-ray CT.

Conclusion. A method of hemostasis has been developed to prevent hemorrhages using liquid hemostatic matrices. If signs
of bleeding from the biopsy needle appeare, the introduction of a hemostatic matrix in the volume of 2 ml helps to manage
bleeding intraoperatively, as well as to prevent the occurrence of hemorrhage in the early postoperative period.

Keywords: brain tumor, stereotactic biopsy, bleeding prevention, hemorrhagic complications of brain biopsy, hemorrhage,
hemostasis
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3.1.6. OHKonorus, nyyeBas Tepanusi

OPUTUHAJIbHAA CTATbA

Wcnonb3oBaHue XMAKNX TeMOCTATUYECKNUX MATPUL, ANS NPeAYNpexaeHus KpoBonusnnaHui
MpY BbINOJHEHUM CTEPEOTAKCUYECKOW broncun onyxosei roNoBHOTO Mo3ra

3. E. Poctopryes™, H. C. Ky3HeuoBa, C. 3. KaBuuknii, b. B. MateBocsiH, I. A. Pe3uuk, B. E. XaTiowun, 0. U. Kut

®IbY «HaunoHanbHbI MegULMHCKNIA NCCNef0BaTENbCKMIA LLEHTP OHKoNoru» MuHucTepcTBa 3apaBooxpaHeHus Poccuiickont Gegepaumn,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus

B4 ed.rost@mail.ru

PE3IOME

Llenb uccnepoBanus. Paspa6oTka cnocoba npeaynpexaeHns KpoBOM3NUSHUA NPU BbINOJIHEHUU CTePeoTaKCUYECKOW
61OMCMU ONYXONM FOSIOBHOMO MO3ra C UCMOIb30BaHMEM XUAKMX reMOCTaTUYECKMX MaTpUL, Ha NpuMepe npenapara «Floseal®».
MauueHTbl U MeToabl. Lienb 6uoncum — Hanbonee penpeseHTaTMBHbIN Y4acTOK OMyXONIEBOM TKaHM MO AaHHbIM PasfiMyHbIX
MoganbHocTen MPT HellpoBuU3yanu3sauun, B TOM YUCHIE U C KOHTPACTHbIM YCUSTEHUEM.

M3 133 nauneHTOB B U3y4aeMyto rpynny BkatoYeHo 60 60/1bHbIX C MPpU3HaKaMW UHTPaonepaLnoHHOrO KPOBOTEYEHUS MO
KaHtosie 6MONCcuinHOM urnbl. Janee, METOAOM HE3aBUCUMOW NOC/IEA0BATENbHOW PaHAOMU3aLUN NaLUEHTbI C MPU3HaKaMu
MHTPaonepaLMoHHOIro KPOBOTEYEHUS MO KaHKoNe GUONCUIMHONM UMbl pa3fenieHbl Ha 2 noarpynnbl. KOHTponbHas nogrpynna
(n = 45): cnyyau ¢ NpM3HaKaMy UHTPaoNepPaLLMOHHOrO KPOBOTEYEHUS Pa3fIMUHOi CTEMEHMU BbIPaXKEHHOCTH, ONepUpoBaHbI
Nno cTaHAApPTHOWM MeToAVMKe, 6€3 UCNONb30BaHUSA XMUAKOro remocTaTnuyeckoro npenapata «Floseal®». OcHoBHasi noarpynna
(n = 15): Npn MHTpaonepaLMOHHbIX NPU3HaKax KPOBOTEUEHMUSI B 30HY M3bATUS OMNyXO/IeBOro MaTepumasna oCyLeCTBAANOCh
BBeAEHNE reMoCTaTM4ecKkoro Teky4yero npenapata «Floseal®».

Pesynbrathbl. Y 6,7 % nauneHTOB KOHTPOJIbHOM NOArPynbl B NOC/iieonepaLluoHHOM fnepuoge oTMeyeHo hopMupoBaHune
MaCCMWBHbIX BHYTPMMO3rOBbIX KPOBOU3NUSAHWI. B 53,3 % HabntofeHW KOHTPOMbHOM NOATPYMMbl MO AaHHbIM PeHTreH
KOMMbIOTEPHbIX UCCIef0BaHWI FOSIOBHOrO MO3ra UMENUCh NMPU3HaKM HE3HAYUTENbHbIX KPOBOU3NUAHWUIA B TOUKe 3a6opa
OnyXxoneBoro Matepuana, He Tpe6oBaBLUME MOBTOPHbIX ONEPaTUBHbIX BMeLLaTeNnbCTB. [ocneonepaUoHHble KPOBOU3USAHUS
nocsie BBeAEHUS B GBUONCUINHYIO Uy XXUIKOW reMocTaTudeckoin matpuubl «Floseal®» B ocHOBHOM noarpynne no AaHHbIM
PKT HelpoBuM3yanusauuu He BbIsiIBAEHbI.

3aksoueHue. PaspaboTaH cnocob remMocTasa Ans npeaynpexneHns KpoBOU3NUSHWIA C UCMONIb30BaAHUEM XUAKUX FreMocTa-
TUYeckmx MaTpuu,. MNpy NosiBNeHNM NPU3HAKOB KPOBOTEYEHMS U3 BUOMCUINHON UMbl BBELEHWE FeMOCTaTUYECKOM MaTpuLbl
B 06beMe 2 MJ1 CNoCcO6CTBYET OCTAHOBKE KPOBOTEYEHMSI MHTPaonepaLMoHHO, a TakXe NpoduiakTuke BOSHUKHOBEHUS
KPOBOMW3/NUSIHUSI B paHHEM MOCneonepaLMoHHOM rnepuoge.

KnioueBble cnosa: OnyxoJib royJOBHOro Mo3ra, ctepeoTakcn4yeckas 6uoncus, I'IpOd)VIJ'IaKTVIKa KpOBOTEYEeHUd, remopparu-
YeCKMe OCTOXXHEHUSI BUOMCUM FOJIOBHOIO MO3ra, KpoBOuU3nnaHue, remoctas

[ns uutnposauus: Poctopryes 3. E., KysHeuosa H. C., KaBuukuii C. 3., MateBocsH b. B., Pesnuk I A., XaTiowmH B. E., Kut 0. U. Ucnonb3oBaHne Xnakux
reMOoCTaTUYeCKUX MaTpuL ANs NpeaynpexaeHns KpOBOU3NUSHUIA NP BbINMONHEHUM CTEPEOTAKCUYECKOI BUOMCUM OMyX0neii roNOBHOMO Mo3ra.
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Co6ntofieHue aTUYecKUx CTaHAapToB: B paboTe co6N0AanuUCh STUYECKUE NPUHLMMBI, NPeAbsBNsieMble XeNbCUHKCKOI Aeknapaumeit BcemupHoit
MeauumHckoii accoynaumuv (World Medical Association Declaration of Helsinki, 1964, peg. 2013). UccnegoBaue ogo6peHo KomuTeToM no
6uomepmuumMHeKon aTuke npn ®IrBY «HaunoHanbHbIi MeANLMHCKWIA UICCNeA0BaTENbCKMIA LEHTP OHKONOrMU» MUHUCTEpPCTBA 3 paBooXpaHeHust Poccuiickoii
®depepaumu (Bbinucka U3 npoTokona saceaanus N2 7 ot 08.08.2022 r.). MHdopMUpOBaHHOE COrnacue NoyyeHo OT BCEX YYaCTHUKOB UCCNeA0BaHusA

(buHaHcupoBaHue: MHAHCHPOBaHUE AaHHOM PaBoTbl He NPOBOANIOCH

KoHnukT nHtepecos: Kut 0. U. aBnsieTca uneHoM peAakLMOHHON Konnernn xypHana «f0xHo-Poccuiickiit oHKonornyeckuit xypHan» ¢ 2019 r., Ho He umeeTt
HWKaKOro OTHOLUEHMS K PelLeHNto ONy6aNKoBaTb 3Ty CTaTbio. CTaTbs NpoLLNa NPUHATYIO B XypHane npoLeAypy peLeHsnpoBaHus. 06 MHbIX KOHPAMKTaX
MHTEPEeCcoB aBTOPbI He 3asABAANN
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INTRODUCTION

Currently, the stereotactic needle biopsy (STB) of
various grades brain tumors is performed in anatom-
ically inaccessible areas of the brain and when the
tumor is localized in functionally significant areas
of the brain [1-4].

Given the lack of visual intraoperative control of
the needle trajectory, a serious complication after
STB, is hemorrhage in biopsy material withdrawal
as well as along the path of access of the biopsy
needle, despite the intervention being minimally in-
vasive [5-9].

The purpose of the study was to develop a meth-
od for preventing hemorrhages during stereotactic
biopsy of a brain tumor using liquid hemostatic ma-
trices using the example of the drug "Floseal®".

PATIENTS AND METHODS

From 2014 to 2020 133 patients with brain tu-
mors were operated on using the method of fra-
meless needle stereotactic biopsy. Informed con-
sent for surgical intervention was obtained from
all participants of the study. In our observations,
tumor diseases manifested from 5 to 80 years. The
average age of the patients was 56 years. 57 % were
men and 43 % were women. 75.5 % were operated
on with single foci of brain damage, 10.5 % with
two foci. 14 % of patients had multiple unverified
CNS lesions.

Neoplasms in 28.3 % of cases were localized in
subcortical structures of the brain, in 18.3 % — in
various parts of the corpus callosum with bilateral
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distribution, in 53.4 % of cases in periventricular ar-
eas under functionally significant areas of the brain.

Neurological symptoms depended on the localiza-
tion of the lesion in the brain. Upon admission, the
functional status on the Karnovsky scale of 100-80
points was noted in 71.7 % of patients, 70—50 points
in 21.7 % of patients, and below 40 points was noted
in 6.6 % of cases. All patients underwent a compre-
hensive assessment of the hemostasis system in
the preoperative period.

The tissue sampling point was determined by
combining MRT T1 BRAVO with intravenous contrast
enhancement with data from DTI, 2D-TOF, 3D-TOF,
T2, ASL, SWAN modes. If necessary, in the Brain-
lab® or Medtronic StealthStation® S7® planning soft-
ware, the digital model was combined with DICOM
positron emission tomography (PET CT) data with
11%methionine. The trajectory of the biopsy needle
insertion was constructed taking into account the
data of tractography, with the localization of the
tumor in functionally significant areas of the brain
(Fig. 1).

The purpose of the biopsy is the most repre-
sentative area of tumor tissue according to var-
ious modalities of MRI neuroimaging, including
contrast enhancement. Surgical intervention was
performed under general anesthesia, according to
the operating regulations of manufacturers of sys-
tems for frameless stereotactic biopsy Brainlab® or
Medtronic StealthStation® S7® using biopsy needles
Biopsy Needle Kit (9733068) or Biopsy Needle Kit
Tip A (41778C).

Control computed tomography was performed
intraoperatively or within 24 hours after surgery.

Fig. 1. Planning the access trajectory
considering functionally significant areas
of the brain
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Out of 133 patients, the study group included 60
patients with signs of intraoperative bleeding through
the cannula of a biopsy needle (45.1 %). Further, by
the method of independent sequential randomiza-
tion, patients with signs of intraoperative bleeding
through the cannula of a biopsy needle were divided
into 2 subgroups.

Control subgroup (n = 45): cases with signs of
intraoperative bleeding of varying severity were op-
erated according to the standard procedure, without
the use of liquid hemostatic matrices.

The main subgroup (n = 15): with intraopera-
tive signs of bleeding, the hemostatic fluid drug
"Floseal®" was injected into the area of removal of
tumor material.

The subgroups were comparable in terms of sex,
age, localization and histological types of the tumor.
We analyzed the complications that arose in these
subgroups using the method of X-ray computed
tomography performed in the first 24 hours after
surgery. All necessary patient data were recorded
in the Microsoft Excel electronic database, after

o€ MEDICALBYETEY

Fig. 2. Patient T., 67 years old. A, B - MRI neuroimaging data of a tumor lesion, hospitalized on 10/07/2016 with a diagnosis of a tumor of
the temporal, parietal lobe and islet with a spread to the thalamic tubercle. On 10/10/2016, a stereotactic biopsy was performed. Histological
examination: glioblastoma. In the immediate postoperative period, the patient was conscious. 7 hours after the end of the surgery, the patient
had a sudden loss of consciousness to coma |, the appearance of right-sided anisocoria, the rapid development of secondary ischemic stem
damage in the form of inhibition of pupil photoreaction, loss of oculocephalic reflexes. A brain X-ray computed tomography (CT) scan was
performed, extensive hemorrhage (C) in the tumor area with spread to the temporal and parietal lobes of the brain, blood breakthrough into
the ventricular system of the brain, pronounced lateral dislocation syndrome to the left, secondary ischemic brain damage was visualized.
He was taken to the operating room for vital signs. D — postoperative cerebral CT scan: hematoma and tumor removed. Fatal outcome dated
by 10/12/2016

Fig. 3. A-D. Patient Ch., 58 years old, was hospitalized on 11/08/2016 with suspected lymphoma of the left hemisphere of the cerebellum
with infiltration of the roof of the 4th ventricle. On 11/09/2016, a stereotactic biopsy of the tumor was performed. Histological examination:
non-Hodgkin's lymphoma. Due to the formation of a hematoma in the tumor biopsy area on 11/10/2016, an urgent installation of the Arendt
cerebrospinal fluid drainage system into the anterior horn of the right lateral ventricle was performed, 11/10/2016. — subtotal removal of a
tumor of the left hemisphere of the cerebellum with growth into the cerebellar bridge angle using neurophysiological monitoring, intraoperative
fluorescence microscopy, removal of an intracerebral hematoma in the bed of a removed tumor of the left hemisphere of the cerebellum.
In the future, the postoperative period proceeded without complications. Control X-ray CT of the brain dated 11/11/2016: condition after
recraniotomy in the suboccipital region. There are areas of reduced density in the surgical area, the postoperative cavity is 3.7 x 3.5 x 3.1 cm.
The median structures are not displaced. The patient was discharged in a satisfactory condition
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which the data was analyzed in the Statistica 10.0
program. When processing the obtained patient data
in the control and main groups, an assessment was
carried out based on the nonparametric Pearson'’s
chi-squared test (x?).

STUDY RESULTS

In a group of 133 observations, neoplasms were
morphologically verified in all cases. In 43.7 % of
cases, Grade IlI-IV gliomas of high malignancy
were verified, Grade Il = in 40.5 %, CNS lymphomas
in 11.4 %, metastases of glandular and squamous
cell carcinoma in 4.4 %.

Fig. 4. X-ray CT neuroimaging of postoperative, clinically insignificant
microbleeding in the area of biopsy material withdrawal
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Mortality after STB in a group of 133 patients was
0.75 % (in one patient, in the immediate postopera-
tive period, the formation of a massive intracerebral
hematoma was noted, which required urgent surgical
intervention of a tumor localized in a functionally
significant area of the brain (Fig. 2)).

We found that in 6.7 % of patients of the control
subgroup, the formation of massive intracerebral
hemorrhages was noted in the postoperative period
(Fig. 3), requiring repeated surgical interventions,
removal of both intracerebral and intracerebral hem-
orrhages with forced cytoreduction of the tumor in
a functionally significant area. The mortality rate in
the control subgroup was 2.2 %.

In 53.3 % of the observations in the control sub-
group, according to X-ray computed studies of the
brain performed in the first 24 hours after surgery or
intraoperatively, minor hemorrhages were detected
at the point of collection of tumor material, requir-
ing a delay in the patient's stay in the hospital and
repeated neuroimaging methods (Fig. 4).

The technique of frameless stereotactic needle
biopsy in the main subgroup (n = 15) was stan-
dard. If signs of bleeding were noted during the
withdrawal of tumor material with a biopsy nee-
dle, in the form of the release of blood clots, rare,
frequent drop or jet bleeding, the hemostatic ma-
trix "Floseal®" was prepared according to the in-
structions for use of the drug (Fig. 5). The drug
is approved for use in the territory of the Russian
Federation (RU No. 2019/8305 dated 04/18/2019).
"Floseal®" is widely used in abdominal, vascular, and
neurological surgical fields as an applicative local
hemostatic [10].

A liquid hemostatic matrix was injected into the
cannula of the inner stylet of the biopsy needle until

Fig. 5. A. Intraoperative signs of
bleeding - the release of blood
clots from a biopsy needle. B. After
preparing the liquid hemostatic matrix
"Floseal®" and filling the inner stylet
of the biopsy needle with it, the liquid
hemostatic matrix is subsequently
injected in a volume of 2 ml
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it was completely filled. After the cannula was insert-
ed into the biopsy needle, a hemostatic matrix was
additionally injected in a volume of about 2 ml. We
have established a satisfactory possibility of inject-
ing this drug into the postoperative cavity through the
needle hole for stereotactic biopsy. Next, the biopsy
needle was removed, the milling hole was filled with
bone chips, ensuring hermetically sealed closure of
the bone defect followed by suturing of soft tissues.
Intraoperatively, or within a few hours after waking
up, the patient underwent CT neuroimaging of the
brain to assess postoperative changes and exclude
hemorrhagic complications (Fig. 6).

Hemorrhages and postoperative complications
were not observed in patients of the main subgroup
(n=15) (x?=3.99; p = 0.0458).

In the control subgroup (n = 45), the percentage of
clinically significant hemorrhages was 6.7 %, which
required repeated interventions, removal of both
intracerebral and intracerebral hemorrhages. The
percentage of clinically insignificant hemorrhages
in the control subgroup was 53.3 %. The mortality
rate in the control subgroup was 2.2 %.

DISCUSSION

In an international study by Malone Hani et al. [11]
7514 patients after STBs were analyzed. The most
common complication of STB was surgically signifi-
cant intracerebral bleeding, which was diagnosed in
5.8 % of patients. The risk factors for bleeding in this
study were associated with age above 40 years, hy-
drocephalus and cerebral edema. Inpatient mortality
according to the study was 2.8 % [11].

In other publications with different series of pa-
tients, the risk factors for bleeding after STB are not
clearly defined or were associated by the authors
with varying degrees of reliability, i.e. with the lo-
calization of a pathological focus, e.g. in the brain
stem [8, 9], with arterial hypertension, with impaired
liver function, with the malignant nature of a central
nervous system tumor [12, 13].

According to K. K. Kukanov and co-authors, after
performing the control CT neuroimaging, the pres-
ence of hemorrhages was noted in 40 % of the ob-
servations [14]. Of these, clinically insignificant ones
were noted in 25 %, large diffuse hemorrhages with
a clinical picture in 5 %, intraventricular hemorrhages
with a pronounced clinical picture in 10 % of cases.

Researchers see a reduction in the risk of intracranial
hemorrhages after the tumor tissue STB procedure
in careful preoperative planning of the biopsy tra-
jectory, the use of modern stereotactic devices and
biopsy cannulas, as well as the use of preoperative
hemostatic therapy in patients with suspected high
degree of tumor anaplasia [14].

In the article De Quintana-Schmidt C. with
co-authors (2019) [15] published the results of
a thrombin-gelatin matrix inmlication in three cas-
es of intense bleeding during the STB procedure.
Preliminary results of the work have shown that
injection of a thrombin-gelatin matrix is a safe and
effective procedure for the treatment of persistent
surgical bleeding that cannot be performed by
traditional hemostatic methods used in neuro-
surgery [12].

The presented studies do not provide a clear idea
of how to improve the safety of performing stereo-
tactic biopsy. The neurosurgeon faces urgent issues:
what to choose as a reliable hemostatic agent, which
method of administration to use, how to calculate
the administered dose of the drug?

Based on the data of our study conducted from
2014 to 2020, a reliable method of hemostasis was

NMITs O

Fig. 6. Example of brain neuroimaging X-ray CT data 40 minutes
after surgery in a patient using "Floseal®". A reduced density
corresponding to the biopsy point is visualized in the left temporal
lobe. No hemorrhage was found in the area of tumor tissue removal
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found in a sufficient sample of patients using stereo-
tactic techniques for collecting tumor material. We
have proposed a technique for the introduction of
a liquid hemostatic matrix as a preventive measure
for intraoperative bleeding during STB.

In the course of our study, it was noted that there
were no complications, clinically significant hemor-
rhages or microbleeds in the subgroup of patients
with biopsy needle bleeding after the introduction
of a liquid hemostatic matrix. On the contrary, in the
subgroup of patients with the standard stereotactic
biopsy procedure, in cases of intraoperative bleeding
on a biopsy needle, macro and micro hemorrhages
were observed in 60 % of patients, repeated surgical
interventions were performed in 6.7 % of cases, and
the mortality rate was 2.2 %.

CONCLUSION

If signs of bleeding from a biopsy needle appear
during a stereotactic biopsy of a brain tumor, it is
possible to inject a liquid hemostatic matrix in a vol-
ume of 2 ml into the point of removal of tumor tissue.
The proposed method of preventing hemorrhages
demonstrates the potential solution to the only seri-
ous type of complications in this minimally invasive
diagnostic intervention. A liquid hemostatic matrix
as intraoperative hemostasis method at the point
of biopsy sampling following the stereotactic inter-
vention helps to prevent the development or even
stop bleeding intraoperatively, it also prevents the
occurrence of hemorrhages and complications in
the early postoperative period.
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ABSTRACT

Purpose of the study. Was to investigate the possibility of applying the method of spheroid formation in culture for assess-
ment of the endometrial cancer (EC) tumor stem cells (TSC) content in complex samples containing various tumor cells and
microenvironment.

Materials and methods. Primary cultures were obtained from fragments of tumors removed during surgery as a first stage
of treatment at the Department of Gynecological Oncology, the National Medical Research Center for Oncology. After enzy-
matic disaggregation of tissue, cell suspension was passaged in DMEM medium containing 10 % fetal bovine serum and 1 %
gentamicin to obtain primary two-dimensional cultures. To study the ability of cells to form spheroids, the primary culture
was removed from the culture plate and passaged with 2.0 x 10* cells per well of a six-well plate (n = 6) in DMEM medium
containing 0.35 % agarose and growth factors EGF (20 ng/ml) and FGF (20 ng/ml). After two weeks of cultivation, the average
size, number of formed spheroids, and frequency of spheroid formation were determined. For those cultures that had formed
spheroids, immunofluorescent staining of the two-dimensional culture for the marker CD133 was performed, after which the
frequency of CD133+ cells was determined.

Results. A total of nine primary cultures of EC were obtained, five of which formed spheroids within two weeks of cultivation
under non-adhesive conditions. In these cultures, small polygonal CD133+ cells showed the strongest association with spheroid
formation, which were associated with the largest spheroids (98-110 pm in diameter).

Conclusion. There is a large number of microenvironmental cells in mixed cultures of CSC, some of which may express CD133,
including healthy stem cells that also form spheroids in soft agar. A more detailed study of CSC subpopulations compared to
normal endometrium is required to establish a link between the observed diversity of cells in culture and their ability to form
spheroids and other characteristics of tumor stem cells.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

OnbIT co3aanus MEPBUYHBIX KYNbTYP paka 3HAOMETPUA U UCCNeJ0BaHNA B HUX KIIETOK,
obnagawwux GEeHOTMNOM ONYX0NEBLIX CTBOJIOBbIX KNETOK

C. 10. dununnoea, U. B. MexxeBoega, T. B. Yem6apoea™, U. A. Hoeukosa, E. B. BepeHukuHa, 0. E. XXenuno, B. B. Monoeogoea,

A. B. lanownukos, E. B. LanawHas, A. A. Macnos, 0. I. UwoHuHa

®IBY «HaunoHanbHbI MegULMHCKUIA ucenefoBaTeNbCKuUiA LIEHTP OHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®efepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas degepauus
X4 tanyshamova@mail.ru

PE3IOME

Llenb uccnepoBanus. /13y4nTb BO3MOXHOCTb NPUMeHeHUsi MeTofa cthepomaoo6pasoBaHus B KybType A1 OLEHKMU COo-
JlepXKaHusi ornyxoneBblx CTBOJIOBbIX kneTok (OCK) paka aHZoMeTpusi (P3) B CNOXHbIX 06pasLax, COAepXXaLlumx pasinyHble

KNETKU ONyXosn U MUKPOOKPYXXEeHUA.

Matepuanbi u MmeTogabl. [epBUYHbIe KYNbTYpbl Nosy4Yanu n3 pparMeHTOB ONyXonen, yaaneHHbIX B Xofe OrnepaTUBHOMO
BMeLlaTeNnbCTBa, NPOBOAMMOrO B Ka4ecTBe NepBoro arana no nevyexHunto P B otaeneHnm oHkornHekonorun ®rby «Hauwmo-
HasTbHbIN MeAVNLIMHCKUI CCNeA0BaTeNIbCKUA LIEHTP OHKONIOrMn» MUHUCTepCTBa 3apaBooxpaHeHns Poccuickon Gepepauun.
Mocne dbepMeHTaTUBHOMN Ae3arperaummn TKaHW KIETOYHYHO CycrieH3unto naccupoBanu B cpege DMEM, copepxatein 10 %
theTanbHol 6blubeit cbiBopoTKU (DBC) U 1 % reHTaMUUMHA, A5 NOSTyYeHUs! MEPBUYHBIX ABYMEPHbIX KYNbTyp. s n3yyeHus
CMNOCOBHOCTM KNEeTOK K cheponaoo6pa3oBaHnio NepBUYHYHO KYSIbTYPY CHUManu ¢ KyNnbTypanbHOro nnactvka v naccuposanm
no 2,0 x 10* KNeToK Ha NlyHKY 6-TunyHo4Horo nnaHwerta (n = 6) B cpeay DMEM, cogepxaluyto 0,35 % arapoabl 1 hakTopbl
pocTa EGF (20 Hr/mn) v FGF (20 Hr/mn). Yepes ABe Hefileny KyNbTUBUPOBaHUS ONpeAensiiv CpefHuil pa3mep, KONIMYecTBO
obpasytoLmxca chepongo u yacToTy cheponoobpasoBaHus. Jns Tex KynbTyp, KOTopble o6pasoBany cdepounabl, 66110
npoBeAeHO MMMYHO(JIYOPECLIeHTHOe OKpaluMBaHMe ABYMEPHOW KynbTypbl Ha Mapkep CD133, nocne yero onpegensinu

yacTtoTy CD133+ kneTtok.

PesynbraTbl. Bcero 66110 NonyyeHo AeBsATb NEPBUYHbBIX KyNbTyp P3, N3 KOTOpbIX TONbKO NATb o6pasoBany cdepounibl
cnycTsi iBe Heflenu KyNbTUBUPOBAHMUS B YCIIOBUSIX, HE NMOAAEPXMBAIOLLMX afreaunio. B aTux KynbTypax Hau6osblUyto CBSA3b
co cheponaoo6pas3oBaHmeM Nokasanu He6osblume NonuroHanbHble CD133+ KeTKH, C KOTOPbIMU acCOLMMPOBANIUCh Hau-

6onee KpynHble cheponabl (98—110 MKM B fuaMeTpe).

3aknioyeHne. B cMelaHHbIX KynbTypax PO npucyTcTByeT 60/bLIOE KONIMYECTBO KNETOK MUKPOOKPYXKEHUSA, U3 KOTOPOro
4yacTb KNETOK MOXeT aKcnpeccupoBaTb CD133, B TOM uncne HopMarbHble CTBOJSIOBbIE KNETKM, TakxXe o6pasytoLme chepo-
napbl B Msirkom arape. TpebyeTcsi 60nee Nogpo6bHoe U3yyeHne KNeToUYHbIX cybnonynsiuuin P9 B cpaBHEHUN ¢ HOPMasibHbIM
3HAOMETPUEM ANA YCTaHOB/IEHUS CBSI3M MeX Y Hab/tofaeMbiM pa3Hoo6pasmemM KNeTOK B KYJIbTYpe U UX CMNOCOBHOCTbIO

K cthepomaoo6pasoBaHuio U ApyruMuy xapaktepuctukamm OCK.

KnioueBble cnosa: paK aHAOMETpUA, NepBUYHbIE KYJIbTYPbl, OMyXo/ieBble CTBOJIOBbIE KJIETKU, KNNETOYHbIE CCbepOVI,D,bI

[Ons umtuposanus: dununnosa C. 10., Mexesosa W. B., Yem6aposa T. B., HoBukosa W. A., BepeHukuHa E. B., Xenuno 0. E., Monosogosa B. B.,

LanowHukos A. B., WanawHas E. B., Macnos A. A., NwoHuHa 0. I OnbIT co38aHnsi NePBUYHBIX KYNbTYp paka 3HAOMETPUSA U UCCIef0BaHUSA B HUX KNETOK,

o6nagaroLmx GeHoTMNOM ONyX0NeBbIX CTBONOBbIX KNeToK. I0XHO-Poccuitckuit oHkonoruyeckuit xypHan. 2024; 5(3): 16-30.
https://doi.org/10.37748/2686-9039-2024-5-3-2, https://elibrary.ru/eyiruh

[ns koppecnonfeHunn: Yembaposa TaTbsiHa BnaguMmMpoBHa — MNaALWmMin HayYHbli COTPYAHUK 1ABOPATOPUN KNETOYHBIX TEXHONMOT U,
OrBY «HaunoHanbHbIit MeAULUHCKIIA nCCNeA0BaTeNbCKUIA LIEHTP OHKOoNnorum» MuHucTepcTBa 3apaBooxpaHeHus Poccuiickoii ®epepaumm,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepaums

Appec: 344037, Poccuiickas ®epepauus, r. PoctoB-Ha- [loHy, yn. 14-a nuHus, 4. 63

E-mail: tanyshamova@mail.ru

ORCID: https://orcid.org/0000-0002-4555-8556

SPIN: 5426-1873, AuthorID: 1051985

ResearcherID: AAR-3198-2021

Scopus Author ID: 57221303597

Co6tofieHue 3TUYeCcKUX CTaHAapToB: B paboTe cO6MI04aNUCh STUYECKNE NPUHLMMBI, NPeAbABNsAeMble XeNbCUHKCKOI Aeknapaumeit BcemupHoit
MeguumMHekoi accoumnaumm (World Medical Association Declaration of Helsinki, 1964, pea. 2013). UccnegoBanue ogo6peHo KoMuteToM no

6uomepmuumMHeKon aTuke npn ®IrBY «HaunoHanbHbIi MeAULMHCKWIA nICCNeA0BaTENbCKMIA LLEHTP OHKONOrMU» MUHUCTEpPCTBA 3 paBooXpaHeHus Poccuitickoii

®depepaumu (Bbinucka U3 npoTokona saceganus N2 25 ot 08.09.2022 r.). MHpopmupoBaHHOE cornacue nonyyeHo OT BCEX YYaCTHUKOB UCCNEA0BaHNS

buHaHcupoBaHue: MHAHCHPOBaHUE AaHHOM PaBoTbl He NPOBOAUIOCH

KoH®NMKT MHTEpecoB: Bce aBTOpbI 3asBAKT 06 OTCYTCTBUM BHBIX 1 NOTEHLMAbHBIX KOHMIUKTOB MHTEPECOB, CBA3AHHBIX C Ny6IMKaLMeil HacTosLel cTaTby

CraTbs nocTynuna B peaakumio 26.12.2023; ogobpeHa nocne peleHsupoBanus 28.06.2024; npuHsta K nyénukauum 24.07.2024

17



South Russian Journal of Cancer 2024. Vol. 5, No. 3. P. 16-30

Filippova S. Yu., Mezhevova I. V., Chembarova T. V.¥, Novikova I. A., Verenikina E. V., Zhenilo 0. E., Polovodova V. V., Shaposhnikov A. V., Shalashnaya E. V., Maslov A. A,
Ishonina 0. G. Experience in creating primary cultures of endometrial cancer and studying cells carrying phenotype of cancer stem cells

INTRODUCTION

Endometrial cancer (EC) is the sixth most com-
mon type of cancer in women. Over the past 30
years, the overall incidence of EC has increased by
132 %, reflecting an increase in the prevalence of
risk factors, in particular, obesity and aging of the
population [1]. In Russia, EC occupies the 2nd rank in
the structure of oncological diseases of the female
genital organs. The total number of patients with
EC reached 195.6 per 100,000 population in 2022,
which is 31.8 % more than in 2012 [2]. Thus, there is
still a need to develop new therapeutic approaches
to significantly improve the prognosis in women with
recurrent EC or in the later stages of the disease. In
this context, tumor stem cells (TSC) of endometrial
cancer, capable of self-renewal and differentiation
into mature tumor cells, as well as contributing to
tumor recurrence, metastasis, heterogeneity, multi-
drug and radiation resistance, represent a potential
target for drug development [3].

TSC were first identified in patients with acute my-
eloid leukemia in 1994, and have since been consid-
ered potential therapeutic targets in the treatment of
oncological diseases, including solid tumors [4]. TSC
in EC were first described by Hubbard in 2009 [5]. The
discovery of endometrial OSCs has radically changed
the views on the study of the biology of EC and the
development of approaches to the treatment of this
disease. As a rule, EC TSC is identified by the expres-
sion of specific antigens, by the weak accumulation
of the Hoechst 33342 nuclear dye (the so—called
side population - "side population"), by the ability
to form colonies under conditions of reduced adhe-
sion and initiate the growth of a tumor containing
TSC and differentiated cells originating from them
with the same phenotype as "parental’, in mice with
immunodeficiency [3].

A number of markers associated with the TSC of
solid tumors have been studied in EC. Aldehyde dehy-
drogenase 1 (ALDH1) is one of 19 different enzymes
involved in aldehyde oxidation. This enzyme is highly
active in the early stages of stem cell differentiation.
Atypical EC cells with a high level of ALDH1 expres-
sion are more tumorogenic, invasive and resistant
to cisplatin than cells with a low level of ALDH1 ex-
pression. Also, a high level of ALDH1 expression cor-
relates with a worse prognosis in patients with EC [6].
Receptor tyrosine kinase c-Kit or CD117 is a receptor
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for the Stem Cell Factor (SCF) and, upon activation,
triggers a number of intracellular signaling cascades
regulating cell survival, migration and proliferation,
including TSC [7]. When studying the cellular compo-
sition of EC, it was shown that CD117* cells isolated
from Ishikawa and MFE280 EC cultures exhibit great-
er proliferative ability, as well as the ability to form
colonies in soft agar in the presence of SCF. A high
level of CD117 expression was also recognized as an
independent prognostic factor correlating with the
progression of EC [8]. The CD55 antigen is a comple-
ment decay acceleration factor and is expressed at
a high level in the TSC of endometrioid ovarian cancer
and EC. It has been shown that CD55* cells are able
to regulate cell self-renewal and their resistance to
cisplatin to a greater extent than CD55 cells [9]. A link
with TSC has also been established for the trans-
membrane glycoprotein CD44, which plays the role
of an adhesion molecule. Cells overexpressing CD44
possess such characteristics of TSC as the ability
to self-renew and epithelial-mesenchymal transition
(EMF), as well as resistance to chemotherapy and
radiation therapy [10]. Probably, this marker is also
related to TSC EC, since oncospheres obtained on
soft agar from cells of EC cultures with stem prop-
erties are CD44 positive [3]. In addition, a number of
studies have noted the co-expression of CD44 and
another TSC marker CD133 in the EC tissue [11, 12].
The transmembrane glycoprotein of the cell surface
prominin-1 or CD133 has attracted considerable at-
tention due to the fact that its expression is often
observed in various subpopulations of somatic stem
cells. Usually, this glycoprotein is observed in the area
of various microvilli and protrusions of the plasma
membrane, where CD133 can act as a regulator of the
lipid composition of membranes or participate in the
mechanisms of cellular polarity and migration [13].
In a study by Rutella et al. (2009) subpopulations of
cells with the CD133*/CD44* phenotype isolated from
permanent endometrial cancer cell lines showed the
ability to form tumor spheres, increased chemoresis-
tance and were able to initiate the formation of a tu-
mor with the same phenotype as the original tumor
when transplanted to immunodeficient mice [14]. Gao
(2012) also investigated the AN 3CA line and showed
that CD133" cells express stem markers, demonstrate
greater mobility and invasive ability than CD133
cells [15]. In Friel's work, the expression of CD133 in
the cells of primary EC tumors and the mechanism for
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controlling the expression of this marker in them were
investigated [16]. The authors showed that CD133*
cells accounted for 5.7-27.4 % of the total population
of tumor cells in the analyzed primary tumors. These
cells had increased tumorigenicity in immunodefi-
cient mice, which suggests that these cells belong
to the TSC. Similar results were obtained in the work
of Sun (2017), where CD133*CD44* cells showed
a stronger association with all the classical prop-
erties of TSC than for other markers studied in the
work, such as CD24, CD47, CD29, CXCR4, SSEA3 and
SSEA4. The efficiency of spheroid formation in soft
agarwas 11.7 % for CD133* cells and 1.7 % for CD133
cells [17]. In addition, CD133*CD44* cells showed
an increased expression of stem cell transcription
factors Myc, Sox-2, Nanog and Oct4 compared with
other subpopulations [16], for which a direct relation-
ship with the degree of malignancy of endometrioid
carcinoma was established [18].

Despite the established connection between
CD133 and EC TSC in a number of studies, data
on the relationship between the expression of this
marker and the prognosis of the disease course
remain quite contradictory. Thus, the work of Elbasa-
teeny (2016) indicates a more pronounced associa-
tion of CD133 expression with the early stage of the
tumor (I-11) and a decrease in the expression of this
marker at later stages of the disease. The authors
suggested that CD44 and CD133 may be involved in
the development of endometrial cancer in the early
stages, and their overexpression may contribute
to the early diagnosis of endometrial cancer [11].
These results are supported by the data obtained
in Mancebo (2017), in which the authors found that
tumors in which CD133 expression was high were
less likely to have vascular invasion and more likely
to be highly differentiated, and were also associated
with higher overall and recurrence-free survival [19].
However, there is also the opposite data. Thus, Na-
kamura (2010) showed a negative correlation be-
tween CD133 expression in tumor tissue and life
expectancy without recurrence [20]. The negative
prognosis of the course of EC with increased CD133
expression in tumor tissue was confirmed in the
work of Park in 2019 [12]. The observed discrepan-
cies in the data of different authors may be related
to the fact that CD133 expression is observed not
only in the EC TSC, but also in normal cells of the
glandular epithelium of the endometrium [21]. Thus,

CTBOJIOBbIX KNIETOK

CD133 in endometrial tissue can act simultaneous-
ly as a marker of epithelial differentiation and as
a marker of OSC.

To study the dynamics, functioning and regulation
of stem cells, experimental methods are needed to
clearly distinguish between stem cells and their off-
spring. Due to the lack of unique cell surface markers
specific only to stem cells and a distinct morpho-
logical phenotype, stem cells are usually identified
based on functional criteria. Stem cells from various
tissues are usually cultured in vitro in the form of
spheroids under conditions excluding adhesion [22].
According to the literature data, the study of TSC in
EC by the method of counting spheroids in condi-
tions that do not support cell adhesion, both on sim-
ple samples obtained after sorting by any marker [14,
17] and in whole samples of the primary culture of
EC [23]. In the latter case, the quantitative analysis
was reduced to measuring the size of spheroids,
while the assessment of the quantitative content of
TSC and the establishment of a link with the clinical
and pathological characteristics of the sample was
not carried out.

The purpose of the study: to study the possibility
of using the method of spheroid formation in culture
to assess the content of EC TSC in complex sam-
ples containing various tumor cells and microenvi-
ronments. To achieve this goal, we compared the
morphological characteristics of primary EC cultures
under conditions of adhesive growth and in soft agar,
and also studied the expression of the CD133 marker
in two-dimensional cultures.

MATERIALS AND METHODS

Nine primary cultures of EC were obtained from
fragments of tumors removed during surgery per-
formed as the first stage of the treatment of EC.
Patients with EC were treated in the Oncological
Gynecology department of the National Medical Re-
search Centre for Oncology, in 2023. The histological
diagnosis was confirmed in the pathoanatomical
department of the of the National Medical Research
Centre for Oncology. The patients were aware of their
participation in the scientific study and signed an
informed consent for the collection of biological
material. The pathologist isolated a 0.5 cm? frag-
ment corresponding to the malignant component
of the tumor within 20 minutes after extraction of
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the drug and placed it in a Hanks solution (Gibco,
USA) containing 1 % gentamicin (Biolot, Russia).
Next, the sample was fragmented with a scalpel to
a size of 1-2 mm?, after which 300 u/ml of collage-
nase | (Thermo Fisher Scientific, USA) was added
in a DMEM medium (Biolot, Russia) and incubated
for an hour at a temperature of 37 °C with constant
stirring. At the end of fermentation, the sample was
additionally crushed by pipetting and passed through
a sterile nylon filter (d = 70 ym) (Beckton Dickinson,
USA). The resulting suspension was washed twice in
a phosphate buffer and passed onto a culture vial in
a DMEM medium containing 10 % FBS (Biolot, Rus-
sia) and 1 % gentamicin and cultured under standard
conditions at 37 °C and 5.0 % CO.,.

To study the ability of cells to spheroid formation,
a two-dimensional culture was removed from cul-
ture plastic using a standard technique using a 0.1 %
trypsin solution (Biolot, Russia). The resulting cell
suspension was mixed with 0.35 % agarose solution
in a serum-free DMEM medium with the addition of
insulin-transferin and growth factors EGF (20 ng/ml)
and FGF (20 ng/ml) and layered on a base of 0.7 %
agarose in the same medium. In total, 2.0 x 104 cells
were added in this way to the well of a 6-hole tablet.
There were 6 repetitions for each culture. The plates
with cells were cultured for 2 weeks, during which
time the spheroids were photographed. At the end of
cultivation, the average size was determined and the
spheroids in the well were counted using a Lionheart
FX imager (BioTek, USA) using embedded software.
The frequency of spheroid formation was calculated
as the ratio of the number of spheroids larger than
40 ym in diameter to the total number of cells pas-
sioned into the well of the tablet.

To carry out immunophenotyping on CD133, pri-
mary cultures were planted on cover glasses. After
the formation of the cellular monolayer, the glasses
were fixed in a 4 % paraformaldehyde solution for
15 minutes at room temperature, after which per-
meabilization was carried out in a 0.5 % Triton X-100
solution on a phosphate buffer for 10 minutes. Af-
ter washing, the glass was blocked for an hour in
a solution of 5 % normal goat serum (Gibco, USA) in
a phosphate buffer, after which it was kept overnight
at 4 °C in a solution of primary polyclonal rabbit an-
tibody to CD133 (ab19898, Abcam, USA) in a phos-
phate buffer (1/100 dilution) with the addition of 1 %
goat serum. After washing the glass three times, it
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was kept at room temperature for an hour in a solu-
tion of secondary goat antibody conjugated with
Alexa Flour®594 (ab150080, Abcam, USA) (1/500
dilution), after which they were washed with a phos-
phate buffer, repainted in a solution of the nuclear
dye DAPI (ab228549, Abcam, USA) and mounted
on slides in an Anti-Fade Fluorescence Mounting
Medium (ab104135, Abcam, USA). The proportion
of CD133 positive cells was determined on the Li-
onheart FX imager (BioTek, USA) using embedded
software. 3 glasses were examined for each culture.

The values of the diameter of the spheroids, the
frequency of spheroid formation and the proportion
of CD133* cells are given as a sample mean + stan-
dard deviation.

STUDY RESULTS

We received 9 primary cultures of EC from 9 pa-
tients who were treated in the Department of Onco-
logical Gynecology at the of the National Medical
Research Centre for Oncology in 2023. The results
of the pathological examination showed that 2 tu-
mors belonged to the histological type of highly
differentiated (G1), 6 to moderately differentiated
(G2) and one tumor to the low—differentiated type
G3 of endometrioid adenocarcinomas. At the same
time, lympho-vascular invasion was detected in three
cases, but none of the patients had metastases in
regional lymph nodes. All cases were attributed to
stage I-Il of the disease.

All primary cell cultures formed a monolayer on
day 3 of cultivation under conditions that support
adhesion. The EC cells in the monolayer culture were
relatively small in size and polygonal in shape, often
forming "islands" and "rosettes" that were located
among the more elongated stroma cells, presumably
fibroblasts. When cultured in conditions that do not
support cell adhesion on agarose in the medium for
TSCs, the formation of spheroids was noted in 5 out
of 9 cultures, starting from the 5th day of cultiva-
tion. In four other cultures, spheroids did not form
even after 2 weeks of cultivation. 1 culture obtained
from a highly differentiated tumor and 3 cultures
from moderately differentiated tumors did not form
spheroids. Thus, there was no obvious relationship
between the frequency of spheroid formation and
the degree of tumor differentiation. For cultures that
formed spheroids in soft agar, additional staining of
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the two-dimensional culture on the CD133 marker
was performed.

EC cell culture No. 1. Highly differentiated G1 en-
dometrioid adenocarcinoma without signs of vascu-
lar invasion. In the primary culture, single large cells
of polygonal or rounded shape were observed among
numerous elongated cells, presumably fibroblasts
(Fig. 1A).

CD133 expression is weak, and rare marker
granules are observed in all cells (Fig. 1b). The fre-
quency of CD133* cells ranged from 0.2 to 1.0 %
(0.8 £ 0.15 %). In the culture in agarose, a very slow
growth of cellular spheroids from single large cells
was observed. On the fifth day of cultivation, spher-
oids had not yet been detected (Fig. 1B), and two
weeks later small spheroids of 4-8 cells were formed
(Fig. 1G). The frequency of spheroid formation on

CTBOJIOBbIX KNIETOK

the 14th day ranged from 0.1 t0 0.7 % (0.5 + 0.1 %).

EC cell culture No. 2. Low-grade G3 endometrioid
adenocarcinoma without signs of vascular invasion.
Under cultivation conditions supporting cell adhe-
sion, the cells of the primary culture formed a mono-
layer of two types of cells, similar in appearance to
the culture of EC No. 3 (Fig. 3A): small polygonal
cells united in islands among larger and elongated
cells similar to fibroblasts (Fig. 2A).

At the same time, islands of polygonal cells could
form spheroid-like structures, within which increased
CD133 expression was observed. Also, among the
monolayer, there were individual large cells express-
ing CD133 above the general level (Fig. 2B). The
frequency of CD133* cells ranged from 2.7 t0 8.0 %
(4.8 £ 1.5 %). On the fifth day of cultivation in condi-
tions that do not support adhesion, in the medium
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Fig. 1. Primary culture of endometrial cancer No. 1. A — general view of monolayer culture; B — staining of monolayer culture on CD133;
C - view of cellular spheroids in agarose on the 5th day of cultivation. G — a type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 um
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for TSC, the culture of EC No. 3 formed small cellu-
lar spheroids of 4-8 cells with a frequency of about
15 % (Fig. 2B). Further, some of the cell spheroids
showed rapid growth and after two weeks of cultiva-
tion reached 80-150 pym in diameter (110.3 + 32.7
um). The frequency of spheroid formation on the 14th
day ranged from 0.310 2.5 % (1.5 + 0.8 %) (Fig. 2G).

EC cell culture No. 3. Moderately differentiated G2
endometrioid adenocarcinoma with signs of vascular
invasion. The culture in the monolayer had a pro-
nounced division into small polygonal cells, united
into islands among larger and elongated cells similar
to fibroblasts (Fig. 3A).

Immunofluorescence staining showed an in-
creased content of the CD133 marker in small po-
lygonal cells, while individual cells showed a partic-
ularly bright label (Fig. 3B). The frequency of CD133*

cells ranged from 5.8 10 16.9 % (11.2 + 5.2 %). When
grown on agarose in a medium for TSC on the 5th
day in culture, about 15 % of the cells formed spher-
oids 5-30 ym in diameter (Fig. 3C). After two weeks
of cultivation in agarose, individual cellular spheroids
increased in size to 30-150 pym in diameter, the re-
maining spheroids degraded (98.3 + 51.4 ym). The
frequency of spheroid formation on day 14 ranged
from 0.310 10.1 % (5.7 £ 4.1 %) (Fig. 3D).

EC cell culture No. 4. Moderately differentiated
G2 endometrioid adenocarcinoma without signs of
vascular invasion. In the monolayer culture, large po-
lygonal cells were observed separately or assembled
in small groups against the background of elongated
cells of various sizes (Fig. 4A).

When stained with the CD133 EC TSC marker,
a positive reaction was shown not only by large po-

Fig. 2. Primary culture of endometrial cancer No. 2. A — general view of the monolayer culture; B — staining of the monolayer culture on
CD133; C - type of cellular spheroids in agarose on the 5th day of cultivation; D — type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 ym
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lygonal cells and their clusters, but also by numerous
small elongated cells. Large multinucleated cells
positive for CD133 were also found in the prepara-
tion (Fig. 4B). The frequency of CD133* cells ranged
from 40.1 to 65.2 % (average 52.2 + 10.2 %). After
five days of cultivation in agarose, about 5-10 % of
the culture cells formed small loose spheroids of
4-16 cells (Fig. 4C), two weeks later the spheroids
increased to 20-80 um in diameter (54.7 + 28.4 ym),
the frequency of spheroid formation on the 14th day
ranged from 2.1 t0 8.4 % (5.1 £ 2.7 %) (Fig. 4D)

EC Culture No. 5. Moderately differentiated G2
endometrioid adenocarcinoma without signs of vas-
cular invasion. In the monolayer culture, islands of
rather large polygonal cells of epithelial morphology
were found among elongated cells of stromal origin
(Fig. 5A).

CTBOJIOBbIX KNIETOK

The reaction to CD133 was similar to the
EC culture No. 2, namely, positive staining was
demonstrated by individual large cells of elongat-
ed or epithelial morphology with a certain group
of small elongated cells, which, due to staining,
stand out against the background of larger elon-
gated cells negative for CD133 (Fig. 5B). The fre-
quency of CD133* cells ranged from 22.4t0 51.2 %
(35.5 £ 12.7 %). On the fifth day of cultivation in
conditions that do not support adhesion, EC culture
No. 5 formed small cellular spheroids of 2—-4 cells
with a frequency of about 5 % (Fig. 5C). Further,
some of the cell spheroids showed rapid growth
and reached 30—-80 pm in diameter after two weeks
of cultivation (average 55.4 + 25.1 ym). The fre-
quency of spheroid formation on day 14 ranged
from 0.510 2.8 % (1.8 £ 0.9 %) (Fig. 5D).

Fig. 3. Primary culture of endometrial cancer No. 3. A — general view of the monolayer culture; B — staining of the monolayer culture on
CD133; C — type of cellular spheroids in agarose on the 5th day of cultivation; D — type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 pm
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The characteristics of primary EC cultures are
combined in the table (Table 1).

The lowest frequency of spheroid formation, as
well as the lowest frequency of CD133* cells, were
observed in a culture obtained from a highly differ-
entiated tumor.

DISCUSSION

In all the obtained primary cultures, the presence
of a stromal component is noted, represented by
elongated cells of different sizes, demonstrating
a negative (No. 1, No. 2, No. 3) up to medium and
high CD133 expression (No. 4, No. 5). In addition, po-
lygonal cells are noted in cultures, which occur as is-
lands among stromal cells. Their sizes vary between
cultures, and on this basis, cultures can be divided

g ; UQ@' ; . Tm

into two groups — including small polygonal cells that
assemble into dense colonies-"domes" (cultures No.
1 and No. 2), and including larger polygonal cells that
can form flat islands of different sizes (cultures No.
1, No. 4 and No. 5). The expression of the CD133
marker in these cells is quite pronounced, especially
against the background of a weakly colored stromal
component consisting of large cells (cultures No. 4
and No. 5).

The presence of elongated or process-shaped
cells resembling fibroblasts in primary EC cultures
and capable of forming spheroids under conditions
that do not support cell adhesion was also noted in
the work of Helweg (2022) [23]. The picture of the
composition of cell cultures obtained by us is also
similar in cell morphology to the results obtained in
the work of Chan et al. (2004) [24]. In this study, the

Fig. 4. Primary culture of endometrial cancer No. 4. A — general view of the monolayer culture; B — staining of the monolayer culture on
CD133; C — type of cellular spheroids in agarose on the 5th day of cultivation; D — type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 pm
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Fig. 5. Primary culture of endometrial cancer No. 5. A — general view of monolayer culture; B — staining of monolayer culture on CD133;
C - type of cellular spheroids in agarose on the 5th day of cultivation; D - type of cellular spheroids in agarose on the 14th day of cultivation.
The size of the scale ruler is 200 um

Table 1. Summary characteristics of primary endometrial cancer cultures

Lymoho- The frequency of The diameter of
Culture ymp Reaction to CD133, proportion of spheroids = 40 the spheroids for
Grade vascular o
No. invasion CD133+ cells, mean + SD % um per 14 days, 14 days, average
average * SD, % + SD, pm

0.8 £ 0.15 %, weak reaction in some
No. 1 G1 n/p large stromal cells, single polygonal 0.5%0.1 20+10
cells with bright coloration

4.8 £ 1.5 %, small polygonal cells in

No.2 G3 n/p dense colonies, individual stromal cells

1.5+08% 110.3£32.7

11.2 £ 5.2 %, small polygonal cells in

' 57+41% 98.3+51.4
dense colonies

No. 3 G2 p

52.2 +10.2 %, polygonal process large
No. 4 G2 n/p multinucleated cells, stromal small 51227 % 54.7 +28.4
elongated cells

35.5+12.7 %, separate large and small
No. 5 G2 n/p elongated stromal cells, separate large 1.8+09% 55.4+25.1
polygonal cells

Note: not present - n/p, present — p
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authors studied the behavior in culture of various
cells of the normal human endometrium isolated
from the epithelial and basal layers [24]. According
to the authors, the epithelial layer gave two groups
of polygonal cells — small cells that gather in close
colonies with a high ability to proliferate, and larger
cells that form looser colonies on cultural plastic.
The stromal component of endometrial tissue con-
sisted of two types of elongated cells: large loosely
lying cells and small closely lying cells, giving curls in
a monolayer. In addition, human endometrial stromal
cells were positively stained for fibroblast markers
(CD90, 5B5, type | collagen), which confirms the re-
lationship of these cells to fibroblasts and, possibly,
myofibroblasts, which express markers of both fibro-
blasts and smooth muscle cells. Thus, based on the
picture of the two-dimensional culture obtained in our
work, it is impossible to unambiguously identify which
cells belong to the TSC, since externally they are little
distinguishable from normal endometrial cells.

The expression of the TSC CD133 marker in the
cultures obtained by us ranged from 0.8 to 52.2 %
on average. The data obtained go beyond the range
of 5.7-27.4 % indicated by other authors [16, 17].
A nonlinear relationship between CD133 expression
and the degree of tumor differentiation was also
revealed — both high and low differentiation were
associated with reduced immunoreactivity on CD133
compared with average differentiation. No connec-
tion was found between the level of CD133 expres-
sion, the degree of differentiation and other clinical
and pathological characteristics of the tumor also
in Nakamura [20]. CD133 is known to occur in nor-
mal differentiated endometrial cells. Thus, based on
existing data, it is impossible to determine to what
extent CD133 expression reflects the degree of cell
malignancy in primary EC cultures and the level of
their differentiation. To solve this problem, more ex-
tensive studies are required, including a comparison
of normal endometrial tissue and RE.

The frequency of spheroid formation in our cul-
tures ranged from 0.5 to 5.7 % on average. It is
known that the frequency of cells with SC proper-
ties in the normal endometrium is 0.02-0.1 % [24].
It would not be too much of an assumption to accept
these levels as indicative for estimating the frequen-
cy of spheroid formation in cultures of normal en-
dometrium. In the scientific literature, we have not
found data on the frequency of spheroid formation in
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conditions that do not support cell adhesion in whole
EC cultures, since individual subpopulations purified
by marker expression or nuclear dye retention are
usually the object of research. However, taking into
account the fact that the frequency of spheroid for-
mation is the highest among CD133* EC cells and
amounts to 11.7 % in this subpopulation [17], as well
as the fact that the total content of these cells in EC
ranges from 5.7 to 27.4 % [16], we can multiply these
indicators to obtain an approximate the frequency of
spheroid formation in a mixed culture of EC, which
in this case will be 0.7-3.2 %. Thus, our results lie in
the range corresponding to the known data on EC,
therefore, the main part of the spheroids in our cul-
tures is presumably formed by malignant cells with
the TSC phenotype.

Our data show that in EC cultures, the overall re-
sponse to CD133 does not show a clear relationship
with the frequency of spheroid formation. Thus, in
cultures No. 4 and No. 5, the frequency of spheroid
formation is an order of magnitude lower than the
content of CD133* cells. In this regard, the question
arises as to which cells are the sources of spheroids
in EC cultures? Comparison with the morphological
features and phenotype of the normal endometri-
um [21, 24, 25] indicates a number of patterns. Thus,
in culture No. 1, obtained from a highly differentiated
tumor, in a monolayer we see large cells similar to
the limited dividing progenitor cells of the stromal
and epithelial components of the normal endome-
trium [24]. The expression of the CD133 marker in
these cells is very weak, while this culture formed
small lymphoid (loose) spheroids on soft agar with
a frequency of less than 1 %. Lymphoid colonies in
conditions that do not support adhesion can form
immune cells, namely, T lymphocytes and NK in the
presence of specific cytokines such as IL-2, IL-15 or
IL-7 [26]. Nevertheless, their characteristic appear-
ance can be considered a reliable difference between
lymphocytes and other cells — even in a stimulated
state, these are small cells (6—15 pm) with a high
nuclear-cytoplasmic ratio [27]. In our case, the cells
in the colonies have larger sizes (about 40 pm in
diameter), which means that they are not lympho-
cytes with a high probability. At the same time, the
spheroids of culture No. 1 are similar to the lymphoid
colonies that were obtained from the EC tissue in
Tabuchi's work [28]. Culture No. 2, obtained from
a low-grade tumor (G3), also contains ¢d133 fibro-
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blast-like cells, however, a subpopulation of small
polygonal cells stands out well against their back-
ground, demonstrating bright immunoreactivity on
CD133, which morphologically most resembles cells
with stem properties, in the work of Chan et al. [24].
Also in this culture, when grown on soft agar, large
(about 90 pm in diameter) spheroids were observed,
albeit with a small frequency (about 1.5 %). Despite
the fact that no special marker selection was car-
ried out, it would be a small assumption to assume
that these CD133* cells form spheroids, since large
fibroblast-like cd133 cells did not produce similar
large spheroids in culture No. 1. Confirmation of this
assumption may also be the fact that culture No. 3,
similar in phenotype to culture No. 2, with a subpop-
ulation of small CD133* cells forming dense colo-
nies clearly standing out against the background of
a weakly colored stromal component, also formed
large (about 115 pm in diameter) spheroids in soft
agar with a frequency of about 10 %. Another source
of spheroids may be small spindle-shaped cells
brightly colored on CD133, found in cultures No. 5
and No. 4. The morphological features of these cells
correspond to tissue stem cells, of which CD133 ex-
press, for example, epithelial or endothelial SC, which
are normally present in the endometrium [30, 31].
According to the literature data, the size and appear-
ance of colonies formed on soft agar by such normal
stem cells do not differ from spheroids obtained
from TSC [31]. Finally, for a subpopulation of rela-
tively large polygonal CD133* cells that are present in
cultures No. 4 and No. 5, the connection with spher-
oids cannot be traced, although these cells can be
confidently attributed to the malignant component,
since they sometimes show signs of multinucleation.

CTBOJIOBbIX KNIETOK

It can also not be argued that CD133-negative cells
do not produce spheroids on soft agar, since in the
work of Ding [29], in particular, they showed that both
CD133* and CD133 cells sorted from endometrial
tumor tissue by this marker can form spheroids, but
in the second case less effectively.

Thus, it is impossible to unambiguously determine
which of the cells of the primary EC cultures obtained
by us took part in the formation of spheroids. Some
presumptive relationship can be established only
for small epithelial and fibroblast-like CD133* cells,
of which only the first can be conditionally classi-
fied as malignant. To identify exactly TSC EC, it is
necessary to conduct a comparative study of cell
cultures on soft agar obtained from tumor tissue
and the corresponding normal tissue, in combination
with cell sorting using markers CD133, CD44, CD117,
CD24, CD47 and others, for which a connection with
TSC and normal stromal stem cells has been estab-
lished [32].

CONCLUSION

We were able to obtain and characterize the cul-
ture of cellular spheroids from the postoperative EC
material. However, the indicators of the frequency
of spheroid formation and the average size of spher-
oids in this culture cannot serve as a marker of the
amount of TSC in tumor tissue without comparing
these data for tumor tissue and normal endometri-
um. A more detailed study of the cellular subpopula-
tions of EC in comparison with normal endometrium
is required to establish a link between the observed
diversity of cells in culture and their ability to spher-
oid formation and other characteristics of TSCs.
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ABSTRACT

Purpose of the study. To determine the influence of prognostic factors on survival rates in patients with mRCC aged = 75 years.
Materials and methods. A retrospective study included 77 mRCC patients aged > 75 years who received systemic therapy
at the Municipal Oncologic Hospital No. 62 in Moscow and the Municipal Oncologic Dispensary in St. Petersburg from 2006
to 2019. Clinical data from medical records were obtained and analyzed retrospectively, all patients underwent clinical, labo-
ratory, and pathomorphological examination. Patients' survival rates were evaluated using the statistical method of survival
time analysis (Survival Analysis). Descriptive characteristics of survival time were calculated in the form of life tables, and
Kaplan-Meier curves were constructed.

Results. In the present study, a favorable prognosis according to International Metastatic Renal Cell Carcinoma Database
Consortium (IMDC)was noted in 20.8 % of patients with mRCC aged = 75 years; 6.5 % had solitary metastases. The 3- and
5-year survival rates were 35.8 % and 21.2 %.

In single-factor analysis in mRCC patients = 75 years of age, it was found that ECOG status (p < 0.001), histological subtype
(p = 0,01), Fuhrman grade of tumour differentiation (p = 0.003), type of metastases (p = 0.045), liver metastases (p < 0.001),
IMDC prognosis (p = 0.042) and nephrectomy (p = 0.014).

Conclusion. In a multivariate analysis, factors affecting survival in patients with mRCC aged = 75 years included sex, histologic
subtype, number of metastases, bone and lymph node metastases, IMDC prognosis, and radiation therapy and nephrectomy.
Further studies are needed to identify additional personalized prognostic factors in elderly patients with metastatic renal cell
carcinoma (mRCC).
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

”IJOFHOCTVI‘IBCKI/IB dJaKTOIJI:I, BAMAKILNE HA NOKA3aTENN BbDKMBAEMOCTH Y DONbHbIX
CTapyecKoro so3pacrta ¢ MeTacTaTU4eCKUM NOYEYHOKIETOYHbLIM PAKOM

[. B. CemenoB"*=, P. B. Opnosa'?, B. U. LlLupokopag?, C. B. Koctpuykuii®, . B. KoHoHey*

T ®rb0Y BO «CaHkT-MNeTepbyprekuii rocyaapcTBeHHbI yHuBepcuTeT, r. CaHkT-MeTepbypr, Poccuitickas Gegepauus

2CN6Iry3 «lopoackoit KNMHUYECKNI OHKONOTUYEeCKUii aucnaHcep», r. CaHkT-MeTep6ypr, Poccuiickas Gegepauus

8 'bY3 «MockoBcKas ropogckas oHKonorndeckas 6onbHuua N2 62 [lenaprameHTa 3paBooxpaHeHns ropoga Mockebli», r. MockBa,
Poccuiickas ®egepauus

4 OI'bY «HaumoHanbHbI MeAULMHCKMIA UCCef0BaTeNbCKUI LLeHTP OHKonorun uMmenn H. H. bnoxuHa» MuHucTepcTea 3paBoOXpaHeHus
Poccuitickoinn ®egepaumu, r. MockBa, Poccuiickas degepauys

4 sema.69@mail.ru

PE3IOME

Lienb uccnepgoBanus. OnpefenuTb BAMSHWME NPOrHOCTUYECKMX (aKTOPOB Ha nokasaTeNiv BbIXXMBAeMOCTH Y NaLueHToB
€ MeTacTaTUYeCcKUM NMoYeyHo-KNeTouHbIM pakoM (MIMKP) B Bo3pacTe = 75 feT.

MaTtepuanbl u MeToabl. B peTpocnekTUBHOE UccnefoBaHue 6binn BKIOYEHbI 77 nauyueHToB ¢ MIMKP B BospacTe = 75 ner,
KOTOpble nosny4Yyany CUCTEMHYHO Tepanuto Ha 6a3e Mopoackoi oHkonornyeckon 6onbHuLe N2 62 r. MockBbl 1 Fopofckom
OHKOMorMyeckoM aucnatHcepe r. CaHkT-lMetep6ypra ¢ 2006 no 2019 rr. KnvHnyeckune aaHHble U3 MeAULMHCKUX KapT 6b1n
noJslyyeHbl U MPoaHannM3NpoBaHbl PETPOCTIEKTUBHO, BCEM MaLMeHTaMm 6bi1o NPOBEAEHO KNUHWUKO-1abopaTopHOe, MaToMOop-
donoruyeckoe uccnefoarue. Nokasateny BbKMBaeMOCTU NALMEHTOB OLLEHUBANM C MOMOLLbIO CTaTUCTUYECKOro MeToaa
aHanu3a BpeMeHw xu3Hu (Survival Analysis) ¢ pacyeToM onucaTenbHbIX XapaKTEPUCTUK BPEMEHM XU3HU B hopMe TabnuLbl
XXU3HW U NOCTPOeHUs Kpusbix KannaHa-Meiepa.

Pesynbrartbl. B HacTosileM uccnegoBaHum 6naronpusitHblil nporHo3 no IMDC y 6onbHbix ¢ MIKP = 75 net otMeyeH y 20,8 %
naumneHToB, coNuTapHble MeTacTasbl y 6,5 %. [TokasaTenu 3 n 5-TuneTHen BbhkmBaeMocTn coctasunu 35,8 % u 21,2 %.
Mpu oaHodaKTOPHOM aHanm3ae y 6onbHbix MIKP = 75 neT, BbIABNEHO, YTO OTPULIATENIbHOE BAUSHUE Ha MOKa3aTesv BbIXK-
BaeMocTu oka3sbiBanu ECOG cTatyc (p < 0,001), ructonornyeckuii nogrun (p = 0,01), cteneHb AnddepeHLMpoBKM ONyxoam
no Fuhrman (p = 0,003), Tun meTtactasos (p = 0,045), MeTacTasbl B neuyeHb (p < 0,001), nporHos no IMDC (p = 0,042) u npo-
BefieHNe HedpakTomuu (p = 0,014).

3aknioyeHune. PakTopamu, BAMSAIOLMMU Ha NokasaTenu BbbkMBaeMoCTH Y naumeHToB ¢ MINKP B BospacTe = 75 neT, npu
MHOropakTopHOM aHasnnse ABAAANCH MO, TMCTONIOrMYECKMA MOATUM, KOSIMYECTBO MeTacTa3oB, MeTacTasbl B KOCTU U IUM-
daTnyeckue y3nbl, nporHos no IMDC, a TakXe npoBeAeHWe fly4eBow Tepann n HepaKTOMUN.

[Ons onpefeneHns LONOMHUTENbHbIX NEPCOHANN3NPOBaHHbIX GakTOpoB NPOrHo3a y 60/bHbIX CTapyecKoro Bo3pacTa C
MIMKP Heo6xoAMMbl AanbHelwme uccnefoBaHus.

KnioueBble cnoBa: MeTacTaTM4YeCKUn NoYEeYHO-KI1ETOYHbIN pak, O6U.Laﬂ BbDXMBAEMOCTb, MOXXWJible NaLlneHTbl

[Ons uutnuposanus: Cemenos [l. B., Opnosa P. B., Linpokopag B. U., KocTpuukuii C. B., KoHoHey M. B. MporHoctuyeckune hpakTopbl, BIUSAIOLLWE HA
nokasaTenu BbXXMBAEMOCTH Y 6ONbHbIX CTAapPYECKOro BO3pacTa ¢ MeTacTaTUYeCKUM NOYEYHOKETOUHbIM PakoM. I0XHO-Poccuiickuit OHKoNoryeckuii
XypHan. 2024; 5(3): 31-38. https://doi.org/10.37748/2686-9039-2024-5-3-3, https://elibrary.ru/gskgjk
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INRODUCTION

Over the past decade, the incidence of RCC has
been increasing annually. RCC occurs in 25 % of pa-
tients with newly diagnosed RCC over the age of 75
([1]. Currently, the majority of patients with meta-
static renal cell carcinoma (mRCC) receive various
options for systemic therapy, due to which the me-
dian overall survival (s) increased to 4 years [2, 3]. It
is known that in elderly patients, the activity of the
tumor process is lower due to a slowdown in meta-
bolic processes in the body. The implementation of
modern drug therapy contributes to an increase in

CTapyecKoro Bo3pacta C MeTacTaTu4eCKUM NoYeYHOKNIETOYHbIM PaKoOM

the indicators of OS in patients with mRCC, includ-
ing in elderly patients [4]. But aggressive systemic
therapy in patients over 75 years of age is associ-
ated with an increased risk of undesirable side ef-
fects that worsen the quality of life. In our study, we
studied prognostic factors in patients with mRCC
aged = 75 years, affecting survival rates.

MATERIALS AND METHODS

A retrospective analysis of 77 patients aged
> 75 years who received systemic therapy at the
Moscow City Oncological Hospital No. 62 and

Table 1. Characteristics of patients

Characteristic

=75 net (n=77)

n (%)

Gender:
male

51 (66.2)
female 26 (33.8)
ECOG status:
0 1(1.3)
1 29 (37.7)
2 35 (45.5)
3 12 (15.6)
Histological type:
clear-cell carcinoma 64 (83.1)
non-clear-carcinoma 13 (16.9)
Differentiation grade:
G1 18 (23.4)
G2 27 (35.1)
G3 32 (41.6)
Metastasis type:
metachronous 53 (68.8)
synchronous 24 (31.2)
Number of metastases:
solitary 5(6.5)
single 27 (35.1)
multiple 45 (58.4)
IMDC prognosis:
favorable 16 (20.8)
intermediate 32 (41.6)
poor 29 (37.7)
Metastatic site:
lungs 48 (62.3)
bones 26 (33.8)
liver 6 (7.8)
lymph nodes 21 (27.3)
Prior nephrectomy: 71(92.2)
Metastasectomy: 11 (14.3)
Radiation therapy: 10 (13)
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the St. Petersburg City Oncological Dispensary
from 2006 to 2019 was carried out. All patients re-
ceived systemic antitumor therapy. The influence
of clinical and morphological factors on overall
survival(s) was assessed. Detailed characteristics
of patients are given in Table 1.

Survival curves for Overall
Based on Kaplan-Meier estimates
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Fig. 1. Overall survival (OS) of patients = 75 years of mRCC (n = 77)

Survival curves for Histology
Based on Kaplan-Meier estimates
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Patient data was consolidated in the form of
spreadsheets and analyzed using the Statistica
12 for Windows program. Life expectancy was cal-
culated from the date of diagnosis to the date of
last observation or death. Survival was assessed
using the Kaplan-Mayer method, survival differ-
ences were determined using a log-rank test; Cox
regression analysis was used to exclude factors
that do not have independent prognostic signifi-
cance. An analysis of the S of patients with mRCC
> 75 years old was performed, depending on the
histological variant of the tumor, the degree of
tumor differentiation according to Fuhrman, the
IMDC prognosis group, the number, type and lo-
calization of metastases, cytoreductive surgery
and radiation therapy.

STUDY RESULTS

The clinical and morphological characteristics
of 77 patients are presented in Table 1. The aver-
age age was 79 (75-95) years. Clear cell renal cell
carcinoma was detected in 64 (83.1 %) patients.
Favorable, intermediate and unfavorable forecast
for IMDC in 16 (20,8 %), 32 (41,6 %) and 29 (37.7 %)
patients. Solitary, single and multiple metastases

Survival curves for Grade

1.00 Based on Kaplan-Meier estimates
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Fig. 2. Overall survival (OS) in patients = 75 years of mRCC depending on histologic subtype (A) and tumor differentiation according to

Fuhrman (B) (n = 77)
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were detected in 5 (6,5 %), 27 (35,1 %) and 45
(58.4 %) patients, respectively.

The indicators of 3- and 5-year OV in patients
with mRCC were 39.7 % [29.8-52.76 %; 95 % Cl]
and 21.2 % [13.6—33.24 %; 95 % Cl], respectively,

Survival curves for Type

1.00 Based on Kaplan-Meier estimates
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in patients, while the median OS was 32.4 [28.9-
38.6 %; 5 % ClI] months (Fig. 1).

A single-factor analysis in patients with
mRCC = 75 years old revealed that ECOG status
(p < 0.001), histological subtype (p = 0.01), degree

Survival curves for Hepar
Based on Kaplan-Meier estimates
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Fig. 3. Overall survival (OS) in patients = 75 years of mRCC according to type of metastases (A) and liver metastases (B) (n = 77)

Survival curves for IMDC
Based on Kaplan-Meier estimates

Survival curves for CN
Based on Kaplan-Meier estimates

1.00 1.00
B M,
A
Z 075 LLL'L i I—l Z 075 T
a a
40 @
S 0.50 LL"\ HL\- S 0.50 .I—-. \\.
a o 5 '-\_Ll\ a | H_'_‘\\
0.25 —l_‘LLH L 0.25 g
Log-rank e Log:rank
p =0.00032 B B n p =0.0096 —l
0 0
0 12 24 36 48 60 0 12 24 36 48 60
Number Time (months) Number Time (months)
at risk at risk
IMDC -
Favorable 16 15 13 9 7 7 CN-UH3 71 59 46 27 18 15
Moc - ®
Interme- 32 27 23 14 7 6
diate
CN-LH3
IMDC - 6 3 2 1 0 0
Unfavorable 29 20 12 5 4 2 Q)
3-year OS: 5-year OS: 3-year OS: 5-year OS:
64.9 % 47.2 % 18.0 % 50.5%20.2%7.2% 41.6%16.7 % 23.1%0%
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Table 2. Prognostic factors for overall survival in patients = 75 years of age with mRCC (n = 77)
(single-factor and multivariate analysis)*

Hazard rario (95 % confidence interval)

Factor
Univariate test Multivariate test
Gender:
male - _
female 0.62 (0.37-1.05,p = 0.077) 0.27 (0.16-0.46, p < 0.001)
ECOG status:
0 _ _
1 20379783.9 (0.00-Inf, p = 0.997) 41895.8 (24218-1572477.23, p < 0.001)
2 38320352.5 (0.00-Inf, p = 0.997) 69920.5 (41671.28-117320.25, p < 0.001)
3 82331370.5 (0.00-Inf, p = 0.996) 112174.0(53540.28-235019.58, p < 0.001)

Histological type:
clear-cell carcinoma
non-clear-carcinoma

2.19 (1.17-4.09, p = 0.014)

1.92(1.02-3.60, p = 0.043)

Differentiation grade:

1.74 (0.90-3.36, p = 0.100)
2.71 (1.40-5.25, p = 0.003)

1.43 (0.86-2.36, p = 0.169)
1.38 (0.83-2.32, p = 0.218)

Metastasis type:
metachronous
synchronous

0.59 (0.35-0.99, p = 0.045)

1.22 (0.71-2.08, p = 0.478)

Number of metastases:
solitary

single

multiple

0.64 (0.24-1.71,p = 0.372)
1.33 (0.52-3.42, p = 0.553)

0.59 (0.35-1.00, p = 0.050)
1.66 (1.00-2.73, p = 0.049)

Lung metastases:
present
absent

1.58 (0.38-6.64, p = 0.532)

1.29 (0.81-2.08, p = 0.139)

Bone metastases:
present
absent

1.17 (0.69-1.98, p = 0.557)

3.09 (1.82-5.23, p < 0.001)

Liver metastases:
present
absent

6.68 (2.74-16.28, p < 0.001)

1.86 (0.74-4.69, p = 0.186)

Lymph nodes metastases:

present
absent

1.16 (0.68-1.97, p = 0.595)

0.54 (0.31-0.93, p = 0.026)

IMDC prognosis:
favorable
intermediate
poor

4.00 (1.93-8.29, p < 0.001)
2.07 (1.03-4.18, p = 0.042)

1.94(1.13-3.33,p = 0.016)
1.93

9
.93 (1.17-3.20, p = 0.010)

Radiation therapy:
no
yes

0.99 (0.44-2.20, p = 0.979)

0.28 (0.12-0.64, p = 0.002)

Prior nephrectomy:
yes
no

2.95(1.25-6.99, p = 0.014)

6.08 (2.54-14.58, p < 0.001)

Metastasectomy

0.41 (0.05-3.53, p = 0.419)

0.65 (0.28-1.46, p = 0.323)

Note: the table only presents factors with prognostic significance
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of tumor differentiation according to Fuhrman
(p = 0.003), type of metastases (p = 0.045), liver
metastases had a negative effect on survival rates
(p < 0.001), IMDC prognosis (p = 0.042) and ne-
phrectomy (p = 0.014) (Table 2, Fig. 2-4).

The median OS in clear cell and non-light
cell cancers was 34.4 [30.0-44.6; 95 % Cl] and
21.2 [10.4-NA; 95 % CI] months, respectively, and
in G1, G2 and G3 was 46.4 [34.4-NA; 95 % ClI],
33,4 [26,9-51; 95 % Cl] and 21.7 [13.9-31.6; 95 %
Cl] months, respectively.

The median S in metachronous and synchro-
nous metastases was 33 [29.1-46.9; 95 % Cl] and
23.7 [12-44.6; 95 % CI] months, respectively, and in
the absence and presence of liver metastases was
33.4[29.1-44.6;95 % Cl] and 5.1 [3.5-NA; 95 % Cl]
months, respectively.

The median OS with favorable, intermediate
and unfavorable forecasts was 65.2 [35.9-NA;
95 % Cl], 35,8 [29-46,3; 95 % Cl] and 21.2 [13.7-
31.1; 95 % CI] months, respectively, and in the
presence or absence of nephrectomy was
32.6 [29-44.6; 95 % Cl] and 10 [5—NA; 95 % Cl]
months, respectively.

In multivariate analysis, gender [HR = 0.27 (95 %
Cl = 0.16-0.46], ECOG status [HR = 112174.0
(95 % Cl = 53540.28-235019.58], histological
subtype [HR = 1.92 (95 % CI = 1.02-3.60], num-
ber of metastases [HR = 1.66 (95 % Cl = 1.00-
2.73], bone metastases [HR = 3.09 (95 %
Cl = 1.82-5.23] and lymph nodes [HR = 0.54
(95 % Cl = 0.31-0.93], IMDC prognosis [HR =
1.93 (95 % ClI = 1.17-3.20], as well as radiation
therapy [HR = 0.28 (95 % Cl = 0.12-0.64] and
nephrectomy [HR = 6.08 (95 % Cl = 2.54-14.58]
were additional factors that had an independent
negative effect on the indicators of OS in elderly
patients with mRCC (Table 2).

DISCUSSION

Currently, due to an increase in life expectancy,
the number of senile patients with renal cell carci-
noma is growing in the world, 25 % of patients over
75 years of age are diagnosed with RCC for the
first time ([1]. In a retrospective study by Kanesva-
ran R et al. old age does not affect the indicators
of OS in mRCC [5]. In our study, the rates of 3-

CTapyecKoro Bo3pacta C MeTacTaTu4eCKUM NoYeYHOKNIETOYHbIM PaKoOM

and 5-year-olds in patients with mRCC = 75 years
were 35.8 % and 21.2 %. In the work of Ryuichi
Mizuno et al. A decrease in OS in senile patients
is possible due to an unbalanced distribution of
patients in the IMDC prognosis groups, a higher in-
cidence of anemia, as well as a higher percentage
of patients receiving symptomatic therapy instead
of second-line systemic therapy [6]. In our study,
anemia was noted in 35.1 % of patients, 1/5 of
patients in the group with a favorable prognosis
according to IMDC, one third of patients had bone
metastases.

The decrease in OS indicators may occur due
to ineffective therapy of senile patients and early
transfer of this category to symptomatic treat-
ment [7]. Modern drug therapy over the past few
decades has led to a significant increase in 0OS
rates in patients with mRCC. Elderly patients after
the first line of systemic therapy are not always
transferred to the second line due to the high
risk of adverse events. This is due to a lack of
evidence that elderly patients can tolerate sys-
temic therapy of two or more lines in order to in-
crease the indicators of OS. Currently, in addition
to prognostic prognostic factors, personalized
therapeutic strategies are being developed [8, 9].
In our study, we identified additional prognostic
factors affecting survival rates in senile patients
with mRCC.

The limitations of this study are the size of the
studied group of patients and its retrospective na-
ture. Further research is needed to develop person-
alized approaches in elderly patients with mRCC
to improve the quality of life and increase the in-
dicators of OS.

CONCLUSION

The factors influencing survival rates in patients
with mRCC aged = 75 years in multivariate analy-
sis were gender, histological subtype, number of
metastases, bone and lymph node metastases,
IMDC prognosis, as well as radiation therapy and
nephrectomy.

Further studies are needed to determine addi-
tional personalized prognostic factors in senile
patients with mRCC.
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ABSTRACT

Purpose of the study. To analyze the long-term results from various strategies of endovascular treatment for coronary artery
disease (CAD) in patients concomitant with cancer.

Patients and methods. 74 patients with both CAD disease and cancer were treated in A. V. Vishnevskiy Center from 01/01/2018
to 12/31/2022. By a multidisciplinary council, patients were divided into three groups: group 1 (n = 39) - staged treatment:
percutaneous coronary intervention (PCI) is the first stage, the second is surgical treatment of cancer; group 2 (n = 14) - staged
treatment: the first stage was surgical treatment of cancer, and the second stage was PCI; group 3 (n = 21) — PCl and open
surgery were performed on the same day.

Results. In the immediate period, 3 (4.0 %) deaths were observed: 2 (5.1 %) in group 1, 1 (4.8 %) in group 3, the cause of which
was complications arising after oncological surgical interventions. One (2.6 %) patient from group 1 had acute myocardial
infarction (AMI) due to acute stent thrombosis in the left anterior descending artery (LAD). The patient underwent successful
emergency PCI. In the long-term period, 15 (25.4 %) patients died, out of which 11 (18.7 %) from progression of cancer, and
4 (6.7 %) from other causes. Among the major cardiovascular complications, the following were observed: 1 (3.2 %) AMI in
group 1 and 1 (7.1 %) in group 2.

Conclusion. In the long-term follow-up period, the leading cause of death (73,3 %) was progression of cancer. There were no
detected from deaths AMI, which confirms the importance and feasibility of myocardial revascularization in this severe group
of patients. PCl in patients with coronary artery disease in combination with cancer allows for effective and safe surgical
treatment of malignant pathology without cardiac mortality both in the immediate and long-term follow-up periods.

Keywords: coronary heart disease, oncological disease, percutaneous coronary intervention, malignant neoplasm, cancer,
surgical treatment, coronary artery stenting
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3.1.6. OHKonorusa, nyyesas Tepanus

OPUr'MHAJIbHASAl CTATbA

PenTreHaHZoBackynspHasa Xupyprus B IEYEHUU NALMEHTOB C UILEMUYECKOI BoNe3HbI0 cepaLa
B COYETAHMM CO 3/10KA4YeCTBEHHbLIMU HOBO0OPA30BaHUAMM
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Poccuitickoin ®egepaumu, r. MockBa, Poccuiickas degepauys

2®re0Y AN0 «Poccuiickas MeAMLMHCKAs akafieMusi HeNpepbIBHOTO NpodeccMoHanbHOro 06pa3oBaHnsi» MUHUCTEPCTBA 3[paBOOXPaHEHHS
Poccuitickoinn ®egepaumu, r. MockBa, Poccuiickas degepauys
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PE3IOME

Lienb nccneposanus. [poBeCcTy aHanM3 OTAANIEHHbIX PE3YbTATOB Pas/IMYHbIX CTPaTErnii pEHTreH3H0BaCKYISPHOMO eve-
HUS ULeMmnyeckol 6onesuu cepaua (MBC) y naumneHToB C CONyTCTBYHOLWMMM 3/10KaYECTBEHHBIMU HOBOO6pasoBaHusMu (3HO).
MaumneHTbl U MeToabl. B OI'BY «HauMoHanbHbI MeAULMHCKUIA NCCNefoBaTeNIbCKUA LIEHTP XMpyprum uM. A. B. BULLHEBCKOro»
MuHucTepcTBa 3apaBooxpaHeHns Poccuiickoin ®epepaumm B nepuog ¢ 01.01.2018 no 31.12.2022 rr. npoxoannn neveHune
74 naumenTa c UBC B coyeTaHum ¢ 3HO. MynbTMAUCUMIIMHAPHBIM KOHCUANYMOM NaLueHTbl 6bliv pacnpefenieHbl Ha Tpu
rpynnbl: rpynna 1 (n = 39) — aTanHoe NeyeHue: NePBbIM 3TarNoM — BbIMOJIHEHWE YPECKOXHOIO KOPOHApHOro BMeLLaTe lb-
cTtBa (YKB), BTOpbIM — xupypruuyeckoe nedyenune 3HO; rpynna 2 (n = 14) — aTanHoe neyeHne: NepBbIM 3TaroM BbINOJIHANOCH
xupypruyeckoe neyenue 3HO, a BTopbIM — YKB; rpynna 3 (n = 21) — BbinonHeHne YKB 1 OTKPbITOrO XMpYprivyeckoro BMe-
LuaTeNbCTBa NPOBOAMNIIOCH B OAMNH feHb.

PesynbraTtbl. Ha rocnutansHom atane otMeyeHo 3 (4,0 %) netanbHbix ucxoaa: 2 (5,1 %) — s rpynne 1, 1 (4,8 %) — B rpynne
3, NPUYMHOM KOTOPbIX 6bI/IN OCNOXHEHWS, BOSHUKLLME NOC/E OHKOMOTMYECKUX XMpYyprudeckux BmewtatenscTs. Y 1 (2,6 %)
nauueHTa 13 rpynnbl 1 oTMeyeH UHdapKT Mrokapga (VIM) BcnefcTBMe OCTPOro TPoM603a CTEHTA B NepefHen MeXKeny-
noukoBor BeTByM (MMXB). MauyeHTy 6bI710 BbINOMHEHO ycnelHoe akcTpeHHoe YKB. B oTaaneHHOM nepuoge ymepno 15
(25,4 %) naumeHToB, U3 KoTopbix 11 (18,7 %) — oT NnporpeccupoBanus 3HO, a 4 (6,7 %) — OT ApYrux NpUUunH. Cpeau GonbLumx
CepAeYHO-COCYANCTbIX OCNOXHEHUIN Habnoaanuceb: 1 (3,2 %) UM B rpynne 1u 1 (7,1 %) — B rpynne 2.

3akntoueHue. B otaaneHHoM nepuoge HabnoaeHus BeayLien npuumHoi cmepTu (73,3 %) 6bino nporpeccuposaHune 3HO.
He 6b1110 3apUKCUPOBAHO HU OAQHOIO NIETAaNbHOrO UCX0Aa OT UM, UTO NOATBEPXKAAET BaXHOCTb U LIeNecoo6pasHOCTb
BbINOJIHEHUS peBacKynsApusaLmMm Mruokapaa y AaHHon rpynnbl naumeHToB. YKB y naumeHtosB ¢ MBC B covetaHun ¢ 3HO
nossonset aPPpeKTUBHO 1 6e30NacHO BbINOMHUTb XUPYPrUYECKOe NeYeHne 310Ka4YeCTBEHHOWM NaTonorum 6e3 kapavanbHom
CMepTHOCTM KaK Ha rocnuTanbHOM, Tak U B OTAANIEHHOM Nepuogax HabnoaeHus.

KntoyeBble crioBa: nwemmnyeckas 60ne3Hb cepaua, oHKoJsiornyeckoe 3aboneBaHue, YpECKOXXHOEe KOPpOHapHoe BMeLla-
TeNbCTBO, 3/10Ka4YeCTBEHHOE HOBOO6pa3OBaHMe, pakK, Xupypruyeckoe fieyeHue, CTEHTMpOBaHUe KOPOHapHbIX apTepui

Onsa untuposanus: AneksH b. I, Tpuukesuy A. A., KapanetsH H. I, Pyukun [1. B., MeveToB A. A., Mapkos [1. B., T'ypmukos b. H., Upogosa H. J1.,
l€neusH J1. T, Tokmakos E. B., FancTsaH A. B., PeBuwsunu A. LLl. PeHTreHaHAOBacKynsipHas XMpyprus B NEYEHUN NaLMUEHTOB C UILEMUYECKOI 60N1E3HbIO
cepfiLia B COYETaHUMN CO 310KasYECTBEHHbIMU HOBOOGPa3oBaHUAMM. IOxHO-Poccuiickuit oHkonoryeckmii xypHan. 2024; 5(3):39-49.
https://doi.org/10.37748/2686-9039-2024-5-3-4, https://elibrary.ru/jdwvjw

[ins KoppecnonAeHunu: FancTaH ApTyp BapyxaHoBKY — acnupaHT 0TAena peHTreH3HA0BacKynApHoii xupyprum, ®rbY «HaunoHanbHblil MeAULMHCKMIA
nccnepfoBaTenbCKNi LLeHTP xupyprian um. A. B. BuwHesckoro» Munnctepctsa 3apaBooxpaHenus Poccuiickoii ®epepaumu, r. Mocksa, Poccuiickas Oepepaums
Appec: 115093, Poccuiickas ®epepauus, r. MockBsa, yn. bonbwas Cepnyxosckas, A. 27

E-mail: garturv@gmail.com

ORCID: https://orcid.org/0000-0003-1142-6763

SPIN: 1783-8075, AuthorID: 1145819

Cob6ntofeHne aTUYecKnx CTaHAapToB: B paboTe COBNI0[ANNCh STUYECKME NPUHLMIBI, NPeAbABAseMble XeNbCUHKCKOW Aeknapauueil BcemupHoii
MegauumMHcKoii accoynauun (World Medical Association Declaration of Helsinki, 1964, pea. 2013). WccneposaHune 0g06peHo KOMUTETOM MO 3TUKE HayuHbIX
nccnepoBanmnii rbY «HauyuoHanbHbIi MeULMHCKNIA UCCNef0BaTeNbCKUIA LIEHTP XUpYpriv uM. A. B. BuwHeBckoro» MuHucTepcTBa 3fpaBoOXpaHeHuns
Poccuiickoii Gepepaumm (Bbinucka U3 npotokona 3acefanns N2 009-2021 ot 26.11.2021 r.). MidopMupoBaHHOE cornacue NonyyeHo oT BCEX Y4aCTHUKOB
nccnepoBaHus

(buHaHcupoBaHme: GUMHAHCUPOBaHUe AaHHOM PaBoTbl He MPOBOAUIOCH

KOHdJ}'IVIKT WHTepecoB: BCE aBTOPbI 3aABNAKOT 06 OTCYTCTBUU ABHbIX U NOTEHLMANbHbIX KOHdJJ'IVIKTOB WHTEepecoB, CBA3aHHbIX C I'Iy6J1I/IKaL|VIeVI HacTosLeil cTaTbi

CraTbsi noctynuna B peaakumio 06.05.2024; ofobpeHa nocne peuensupoanus 30.06.2024; npuHsTa k ny6nukaumu 01.08.2024

40



l0xHo-Poccumitckuii onkonornyeckuii xypHan 2024. T. 5, N2 3. C. 39-49

AneksiH b. T, TpuukeBuy A. A., KapanetsH H. I, PyukuH [. B., MeyvetoB A. A., Mapkos I1. B., ypmukos b. H., Upogosa H. /1., [éneusH J1. T, Tokmakos E. B.,
TanctaH A. B.=, PeBuwaunu A. LLl. PeHTreH3aHA0BaCKYNSPHANA XUPYPrus B IEYEHUN NALMEHTOB C ULIEMMYECKON 60/1e3HbI0 CEpALIA B COYETaHNM

INDRODUCTION

In the Russian Federation, primary cancers were
detected in 580,415 patients in 2021: 265,039 men
and 315,376 women.

The most common cancers in men were: tumors
of the trachea, bronchi, lung (16.4 %), prostate
(15.1 %), skin (except melanoma) (9.8 %), stomach
(7.0 %), colon (7.0 %), rectum, rectosigmoid, anus
(5.8 %). The main neoplasms in the females were:
breast cancer (22.1 %), skin neoplasms (except
melanoma) (13.4 %), uterine body (8.1 %), colon
(7.2 %), cervix (4.9 %), rectum, rectosigmoid junc-
tion, anus (4.6 %), lymphatic and hematopoietic tis-
sue (4.4 %), stomach (4.2 %), ovary (4.2 %), trachea,
bronchi, lung (4.1 %). Compared with 2020, the
growth of primary detected malignant neoplasms
in the Russian Federation amounted to 4.4 % [1].

Morbidity and mortality from both oncological
and cardiovascular diseases, including coronary
artery disease (CAD), increases with age [2]. At
the same time, a combination of both nosologies
is often found. Thus, according to S. G. Al-Kindi
et al, the incidence of coronary artery disease in
patients with lung cancer is 21 %, with breast can-
cer — 6 %, with colorectal cancer - 12 %, and with
kidney cancer =17 %. [3].

The survival results of 3,234,256 cancer patients
showed that in the long-term period 1,228,328
(33 %) patients died directly from cancer, while
from cardiovascular diseases - 365,689 (11.3 %),
while 76.3 % of them were occupied by heart dis-
ease [4].

50.6 % of patients underwent radical treatment
among all malignant neoplasms in oncological in-
stitutions of the Russian Federation. At the same
time, the surgical method was predominant and
amounted to 59.5 %, and the share of combined
treatment was 28.6 % [5].

Complications arising after surgical interven-
tions, including oncological ones, lead to an in-
crease in inpatient care, in the cost of treatment,
and an increase in mortality [6].

A major paper by Ramamoorthy et al. presents
the incidence of major cardiovascular complica-
tions (MACCE) in 2,854,810 patients over 40 years
of age who underwent extensive surgical interven-
tions for malignant neoplasms. The overall inci-
dence of major cardiovascular events in the periop-

CO 3/10Ka4yeCTBEHHbIMU HOBOOﬁpaBOBaHMFIMI/I

erative period was 2.4 % (67,316). At the same
time, they accounted for 0.7-0.8 %. The highest
incidence of MACCE was in patients who under-
went surgery on the esophagus (6,706 per 100,000
oncological operations), followed by surgery on the
liver (5,284 per 100,000 oncological operations),
pancreas (4,820 per 100,000 oncological opera-
tions), colon (4,038 per 100,000 oncological oper-
ations). Of the 2,854,810 patients treated, 400,063
(14 %) had coronary artery disease, of which 31,423
(7.8 %) had a major cardiovascular event in the
preoperative period [7].

The purpose of the study: to analyze the long-
term results of various strategies for endovascular
treatment of coronary artery disease (CAD) in pa-
tients with concomitant cancers.

PATIENTS AND METHODS

In the period from 01/01/2018 to 12/31/2022,
74 patients with severe coronary artery disease
in combination with cancers were treated at the
A. V. Vishnevskiy National Medical Research Cen-
ter of Surgery, the Russian Federation Ministry of
Health. The cardiovascular council determined PCI
by revascularization in connection with direct in-
dications for endovascular interventions, or the
refusal of cardiac surgeons to perform coronary
bypass surgery (CABG) due to the impossibility of
myocardial revascularization or concomitant pa-
thology. All patients were discussed at a multidis-
ciplinary consultation with oncologists, surgeons,
cardiovascular surgeons, endovascular surgeons,
cardiologists, anesthesiologists and intensive care
specialists. Based on the stage and degree of prev-
alence of the oncological process, its manifesta-
tions and complications, as well as the severity of
coronary artery lesions and the clinical picture of
coronary artery disease, the stages and sequence
of surgical interventions were determined.

The criteria for inclusion in the study were the
following: a combination of active cancer and angi-
ographically significant (more than 75 %) coronary
artery damage; consent of the patient or his legal
representative to participate in the study after re-
ceiving relevant information about the study.

The criteria for exclusion from the study were:
the presence of contraindications to receiving dou-
ble disaggregated therapy; acute renal and hepatic
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insufficiency, acute coronary syndrome (ACS) at the
time of hospitalization.

Based on the chosen treatment strategy, the pa-
tients were divided into three groups:

— group 1 (39-52.7 % of patients) — stage-by-
stage treatment: PCl was performed in the first
place, surgical treatment of oncological disease
in the second;

— group 2 (14-18.9 % of patients) — staged
treatment: the first stage was surgical treatment
of cancer, and the second stage — PCI;

— group 3 (21-28.4 % of patients) — PCI and
open surgery were performed on the same day.

The expediency of performing an early onco-
logical operation on the same day with PCI (group
3) was due to severe damage to the coronary arter-
ies and a malignant process complicated by bleed-
ing, or in a situation where it is impossible to post-
pone the oncological stage of treatment even for
one month, since a delay in treatment could lead
to the unresectability of malignant formation. On
the scheduled day, patients in the catheterization

laboratory first underwent endovascular myocardial
revascularization, after which they were immedi-
ately transferred to the surgical operating unit to
perform oncological intervention.

As a preoperative examination, all patients un-
derwent computed tomography, electrocardiogra-
phy, echocardiography, ultrasound, MRI, and selec-
tive coronary angiography.

There were 63 men (85 %) and 11 women (15 %)
out of the 74 patients. The average age of the pa-
tients was 68.8 + 7.2 years (95 % confidence inter-
val =95 % Cl 67.1-70.5). Ml in the anamnesis oc-
curred in 29 (39.1 %) patients, angina of functional
class llI-1V = in 20 (27 %) patients.

As shown in Table 1, the patients of the three
groups did not differ statistically in the main clinical
characteristics.

All 74 patients had angiographically significant
coronary artery lesions: at the same time, a single-
vessel lesion occurred in 25 (33.8 %), a two-vessel
lesion in 25 (33.8 %), and a three-vessel lesion in
24 (32.4 %) patients. Lesion of the left main cor-

Table 1. Clinical characteristics of patients

Eienp | Eronp 2 (simu?tl;aonue%is PCI
Parameters (PCI + ONCO stages) (ONCO + PClI stages) and ONCO)
(n=39) (n=14) =
(n=21)
abs. % abs. % abs. % p

Male sex 35 89.7 11 78.6 17 81.0

0.457
Female sex 4 10.3 3 21.4 4 19.0
Age. years old 68.08 + 6.86 - 67.5+6.51 - 71.00+8.10 - 0.25

26.57 27.20 25.00

BMI (23.59-28.56) (25.90-32.81) (23.25-31.38) 0239
Arterial hypertension 30 76.9 12 85.7 19 90.5 0.434
Angina functional classes
Classes llI-IV 12 30.8 3 21.4 5 23.8 0.827
Painless form 19 48.7 5 35.7 13 61.9 0.329
Postinfarction
cardiosclerosis 17 43.6 8 57.1 4 19.0 0.059
Arrythmia 7 18.4 0 0.0 6 28.6 0.076
Diabetes mellitus 9 23.1 5 35.7 7 333 0.610
Chronic Kidney Disease. 8 20.5 5 35.7 6 286 0493

GFR = 59.9 ml/min/1.73 m?
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onary artery (LMCA) was observed in 8 (10.8 %),
chronic occlusion of the coronary arteries was de-
tected in 18 (23.3 %) patients.

The most common oncological diseases were:
kidney cancer in 12 (16.2 %) patients, stomach can-
cerin 12 (16.2 %), prostate cancer in 11 (14.9 %),
colorectal cancer in 10 (13.5 %), lung cancer in
9 (12.2 %) (Fig. 1). The distribution of patients by
stages of the tumor process was as follows: stage
| was detected in 18 (24.3 %) patients, stage Il in
19 (25.7 %), stage Ill in 29 (39.2 %), stage IV in
8 (10.8 %) (Fig. 2). Distant metastases They were
observed in 7 (9.5 %) patients.

In 74 patients, 150 primary surgical interventions
were performed: 75 — PCI (one patient in group 1,

B Kidney cancer 16.2 %
B Stomach cancer 16.2 %
B Prostate cancer 149 %
B Colon cancer 13.5%
B Lung cancer 122 %
Esophageal cancer 8.1%
B Other localizations 18.9 %

CO 3/10Ka4yeCTBEHHbIMKU Hosooﬁpaaosauumw

due to the severity of the clinical condition, PCI
was performed in two stages: stenting of the LAD
and Circumflex Artery (CA), and then stenting of
the Right Coronary Artery (RCA)) and 75 - surgical
operations for cancer (one patient was treated with
primary multiple cancer in two stages: the first is
mastectomy, the second is kidney resection).

From the table. 2 it can be seen that in groups
1 and 3 there were patients with more severe cor-
onary artery lesion. In group 1, 48.7 % of patients
underwent two— and three-vessel PCl, and 2.6 %
underwent stenting of the LMCA. While in group 3,
47.6 % of patients underwent two- and three-vessel
PCl and in 9.5 % of cases PCI of the LMCA.

Of the 75 oncological surgical interventions, the

| Stage 25.7 %
Il Stage 25.7 %
B |l Stage 37.8%
B |V Stage 10.8 %

Fig. 1. Cancer localization

Fig. 2. Cancer stages

Table 2. Distribution of completed PCI

Group 1 (PCI + ONCO stages)

Group 2 (ONCO + PCI stages)

Group 3 (Simultaneous PCI and

el (n = 39) (n=14) ONCO) (n = 21)

n % n % n %
One vessel 20 51.3 12 85.7 11 52.4
Two vessel 17 43.6 2 14.3 8 38.1
Three vessel 2 5.1 0 0 2 9.5
LMCA 1 2.6 0 0 3 14.3
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most frequent were: prostatectomy — 11 (14.9 %),
gastric resection — 8 (10.8 %), lung lobectomy -
8 (10.8 %), hemicolectomy — 6 (8.1 %), gastrecto-
my - 6 (8.1 %), nephrectomy — 6 (8.1 %), resection
kidneys — 6 (8.1 %). (Fig. 3).

The median time interval between the stage of
myocardial revascularization and surgical onco-
logical intervention was 56.0 (41.5-107.0) days
in group 1 and 42.5 (29.0-76.0) days in group
2 (p =0.338).

To describe quantitative variables, the data
were combined into a series of variations and the
arithmetic averages (M) and standard deviations
(SD) or medians (Me) and confidence interval (Cl)
were calculated depending on the normality of the
distribution. The normality of the distribution was
calculated using the Shapiro-Wilk criterion. Nom-
inal data were marked using absolute values and
percentages. In comparing independent samples
in the presence of a normal distribution, one-factor
analysis of variance (ANOVA) was used, in the ab-
sence of a normal distribution, the Kruskal-Wallis
criterion was used. The nominal data were com-
pared using the y>-Pearson criterion or the exact
Fisher criterion, depending on the number of ob-

B Prostatectomy 15%
B Gastric resection 11 %
B Lung lobotomy 11 %
Hemicolectomy 8 %
B Gastrectomy 8 %
Nephrectomy 8 %
B Kidney resection 8 %
B Other 31%

Fig. 3. The structure of oncological interventions
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served phenomena less than 5. The results were
evaluated as statistically significant at p < 0.05.

STUDY RESULTS

During the hospital period, when 74 patients un-
derwent two-stage treatment (150 interventions),
3 (4.0 %) deaths were noted as follows: 2 (5.1 %)
in group 1, 1 (4.8 %) in group 3, caused by compli-
cations arising after oncological surgical interven-
tions (Table 3).

1 (2.6 %) patient of group 1 had acute coronary
syndrome (ACS) with ST segment elevation on the
10th day after gastrectomy. This patient was initial-
ly scheduled for simultaneous PCI and oncological
surgery. However, during the stenting of permanent
residence with a bare-metal stent, pulmonary ede-
ma arose, which required the transfer of the patient
to the intensive care unit. After stabilization of the
condition, after 3 days, he underwent a gastrecto-
my on the background of dual antiplatelet therapy.
After the onset of ACS, the patient was immediately
transported to the catheterization laboratory, a cor-
onary angiography was performed, the results of
which revealed thrombosis of the stent of the LAD.
Successful recanalization and repeated stenting
of the artery was performed to achieve an optimal
angiographic result [8].

Long-term treatment results were evaluated in
59 (83 %) of 71 patients discharged from the Cen-
ter. The analysis was carried out on the basis of
outpatient examinations, repeated hospitalizations,
and survey data. The duration of the follow-up
period in group 1 averaged 36.9 + 18.7 months (me-
dian 29.3 [20.6-54.8]; 95 % CI 30.8-43.7), in group
2-42.5 + 12.8 months (median 41.6 [34.8-53.3];
95 % C1 35.1-49.9), in group 3-36.7 = 14.1 months
(median 31.1 [25.3-46.0]; 95 % Cl 28.6—44.9),
(p =0.387).

In total, 15 (25.4 %) patients died in the long-term
period (Table 4), of which 11 (18.7 %) died from
the oncological process, and 4 (6.7 %) from other
causes. In group 1, there were 8 (25.8 %) deaths,
5(16.1 %) of which were from the cancer progres-
sion, 1 (3.2 %) — from acute cerebral circulatory dis-
orders of hemorrhagic type against the background
of a prolonged hypertensive crisis, 1 (3.2 %) - from
complications of a new coronavirus infection, to es-
tablish the cause of death is still one patient failed.
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In group 2, 2 (14.3 %) deaths from the progression
of cancers were recorded. In group 3, 5 (25.4 %)
deaths occurred: 4 (28.6 %) — from the progression
of cancer, 1 (1.7 %) — from bleeding due to compli-
cations after surgery for urolithiasis.

CO 3/10Ka4yeCTBEHHbIMU HOBOOﬁpa3OBaHMFIMI/I

Among the major cardiovascular complications,
there were: 1 (3.2 %) AMlin group 1 and 1 (7.1 %)
AMI in group 2. In both cases, the patients were
admitted to the hospital, where they underwent
successful PCI. It is worth noting that in the long-

Table 3. Hospital complications after two stages of treatment

Group 3
(PCI + g;\?gg 1stages) (ONCOGJOFE(FI)I itages) (simultanepous Fel p
Parameter (n =39) (n=14) arE:I7 Sl;%O)
n % n % n %
Cardiovascular complications
MACCE 1 2.56 0 0.0 0 0.0 -
AMI 1 2.56 0 0.0 0 0.0 -
Stroke 0 0.0 0 0.0 0 0.0 -
Surgical complications
Bleedings 1 2.56 1 7.1 4 19.0 0.073
Organ dysfunction 2 5.1 0 0.0 3 14.3 -
Infectious complications 3 7.7 1 7.1 2 9.5 1.0
Repeated surgical intervention 2 5.1 2 14.3 3 14.3 0.365
Minor complications:
arrhythmia, hypotension, 10 25.6 2 14.3 9 42.9 0.177
bradycardia, anemia
Lethal outcomes 2 5.1 0 0.0 1 438 -
Table 4. Long-term treatment results
Group 3
(PCI + g{gg)g%tages) (0Nco((;r{%u(1’;)|4 ?Stages) (Si”;‘r’]'éagﬁc’c“os)m' ?,Vfrsaél p
(n=21)

n % n % n % n %
All-cause deaths: 8 25.8 2 14.3 5 35.7 15 25.4 0.387
AMI - - - - - - - - -
Stroke 1 3.2 - - - - 1 1.7 -
Cancer 5 16.1 2 14.3 4 28.6 11 18.7 0.667
COVID-19 1 3.2 - - - - 1 1.7 -
Bleeding - - - - 1 71 1 1.7 -
Other causes 1 3.2 - - - - 1 1.7 -
MACCE: 2 6.5 1 7.1 1 7.1 4 6.8 1.0
AMI 1 3.2 1 7.1 - - 2 3.4 -
Stroke 1 3.2 - - 1 7.1 2 3.4 -
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term period, not a single fatal outcome from AMI
was recorded.

There were no significant differences detected
between the groups, when analyzing the overall sur-
vival rate with the Kaplan-Meier method (Fig. 4) and
when conducting a Log-rank test (p = 0.366).

DISCUSSION

As a rule, patients with malignant neoplasms
were most often excluded from most large ran-
domized cardiac trials and registries. In view of
this, there is currently insufficient information about
the effect of coronary artery disease on cancer
patients. Therefore, the treatment of this group of
patients is based on the experience of individual
specialists and clinics.

Early detection, followed by the prescribed spe-
cial treatment of cancer, is a fundamental factor
in increasing the survival rate of these patients [9].

However, in patients with combined severe cor-
onary artery disease, performing surgical oncolog-
ical intervention in the first stage is associated with
the risk of developing cardiovascular complica-

Survival functions
1.0 ] i :R t+ I
0.8 L
e L"1
@©
© 06 )—]—«
2
= L
3
n
0.4
0.2
0
0 20 40 60
Follow-up time, mon.
Group 1
Group 2
Group 3

——}——— Group 1 censored
———}——— Group 2 censored

Group 3 censored

Fig. 4. Kaplan-Meier patient survival curves
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tions. At the same time, performing early oncolog-
ical surgery after percutaneous coronary interven-
tion against the background of patients receiving
dual antiplatelet therapy (DAPT) is associated with
the risks of intra- and postoperative bleeding. Re-
cent generations of stents have made it possible
to solve this problem to a greater extent by safely
reducing the intake of DAPT to 1 month [10, 11].

A recently published study by Yun T, et al., com-
pared the results of stage-by-stage treatment of
patients with lung malignancy and combined coro-
nary artery disease. The patients were divided into
two groups according to the timing of the interven-
tions performed: group 1 — patients who underwent
PCl in the first stage, and lobectomy in the second
stage for up to 3 months; group 2 - patients who
underwent PCI in the first stage, and lobectomy in
the second stage after 3 months. The analysis of
hospital results showed that the time of surgery,
hospital stay and blood loss did not significant-
ly differ between the groups (p > 0.05). However,
evaluating the long-term results, the authors found
that survival for 5 years was significantly higher in
patients who underwent lobectomy up to 3 months
after PCI (p < 0.05). The authors concluded that
lobectomy is more appropriate to perform in the
early period after PCI [12].

Indeed, untimely treatment of cancer can reduce
long-term survival. The results of a meta-analy-
sis by T. P. Hanna et al.,, confirmed that a delay in
the treatment of malignant neoplasms, even by
4 weeks, increases mortality with surgical, system-
ic and radiological methods of treatment [13].

In our study, the start of the planned special
treatment, including surgical treatment, was car-
ried out as early as possible. In patients with mildly
aggressive forms of cancers and without complica-
tions (bleeding), who had the opportunity to delay
radical treatment for 4 weeks, PCl was performed
using bare-metal stents (at the initial stage of our
research), and subsequently polymer-free stents of
the latest generation (CRES, CID, Italy) and stents
with a bioresorbable polymer (Synergy, Boston Sci-
entific, USA) (group 1). This made it possible to safe-
ly reduce the intake of DAPT to 1 month and shorten
the time before performing oncological surgery.

In the case when a delay in performing oncolog-
ical surgery was associated with the risk of rapid
progression and metastasis of the tumor process,
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or there was a cancer with recurrent bleeding,
which in turn did not allow the appointment of
DAPT, PCI and surgical treatment of cancers were
performed on the same day (group 3). These pa-
tients were predominantly (84 %) implanted with
standard drug-coated stents (Resolute Integrity,
Xience Xpedition, Promus Premier).

Despite the differences in the timing of oncolog-
ical interventions in each group for deaths from all
causes, including from the progression of malig-
nant neoplasms, there were no significant differ-
ences between the groups (p = 0.387 and p = 0.667,
respectively).

In the treatment of patients with cancer in combi-
nation with coronary artery disease, it is important
not only to carefully perioperative management of
such patients, but also their subsequent rehabil-
itation and curation after surgical interventions,
especially in the immediate postoperative period.
In the work of Guo W. et al., the development of
large cardiovascular events in the long-term pe-
riod in oncological and non-oncological patients
who underwent PCl was investigated. The analysis
showed that AMI was more common in oncological
patients over 5 years (16.1 % vs. 8.0 %; p < 0.001),
stent thrombosis (6.0 % vs. 2.3 %; p < 0.001), repeat-
ed revascularization (21.2 % vs. 10.0 %; p < 0.001).
It should be noted that late stent thrombosis oc-
curred most often (52 %), which determines the
significance of the first year after PCl in this group
of patients [14].

In our study, there were two cases of AMI: the
first — a patient 601 days after PCl had ACS with ST
segment elevation due to thrombosis of a previous-
ly implanted drug-coated stent of the LAD against
the background of a new coronavirus infection
(COVID-19). As an emergency, the patient under-
went recanalization and stenting of the LAD. The
second patient had ACS without ST segment eleva-

CO 3/10Ka4yeCTBEHHbIMU H08006p33OBaHMFIMI/I

tion after 867 days. This patient underwent balloon
angioplasty and stenting of stenosis "de novo" of
the LAD. It is important to emphasize that in our
study, not a single patient died from AMI in the
long term, which once again emphasizes the need
for myocardial revascularization in this group of
patients.

CONCLUSION

1. In the long-term follow-up, 15 (25.4 %) deaths
were detected, 11 (73.3 %) of which were associat-
ed with the progression of cancer

2. In the long-term follow-up, only 1 (1.7 %) of
71 patients had a fatal outcome associated with
a cardiovascular event (acute cerebral circulatory
disorder of the hemorrhagic type). Acute myocar-
dial infarction occurred in only 2 (3.4 %) patients
and was successfully treated with stenting of the
infarct-related artery.

3. There was no significant difference between
the three groups in terms of such indicators as
death from all causes (p = 0.387) and oncological
mortality (p = 0.667).

4. In the long-term follow-up, no deaths from
myocardial infarction were recorded, which con-
firms the importance and expediency of perform-
ing myocardial revascularization in patients with
significant damage to the coronary arteries and
concomitant cancer.

5. Percutaneous coronary intervention in pa-
tients with oncological diseases makes it possible
to perform surgical treatment of cancer effectively
and safely without cardiac mortality both at the
hospital and in the long-term follow-ups.

6. The stage-by-stage treatment of patients
with coronary artery disease in combination with
cancers should be determined by the decision of
a multidisciplinary team consultation.
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ABSTRACT

Purpose of the study. To evaluate the cellular, genomic (gene copy number) and transcriptomic (gene expression) effects of
Phybridus (L.) secondary metabolites when they affect the HeLa cell line.

Materials and methods. The isolation of secondary metabolites from plant material and its identification were carried out by
preparative chromatography. The composition was determined using mass spectrometric analysis, and the final verification
of structural formulas was carried out by nuclear magnetic resonance at the Department of Natural Compounds, the Faculty
of Chemistry of the Southern Federal University. The subsequent phase of the study was conducted using both cultural and
molecular methods. Hela cells were cultivated under standard conditions in a MEM medium. Once the confluence level was
reached 75-80 %, the nutrient medium was replaced with the introduction of the studied compounds (at a concentration of 4
micrograms/ml) and cultivated for 72 hours. Cell mortality was determined using a NanoEnTek JuliFl counter (Korea) in the
presence of 0.4 % trypan blue. The assessment of apoptosis following secondary metabolite exposure was conducted on
a BD FACSCanto Il flow cytometer using the FITC Annexin V Apoptosis Detection Kit I. The level of replication and expression
of the genes responsible for apoptosis was assessed by digital droplet PCR (ddPCR).

Results. The following compounds were isolated and verified, and were assigned the following sequence numbers to facilitate
their use in the experiment: No. 2 - 2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one, No. 3 — 5-(hydroxymethyl) furan-2-carbaldehyde,
No. 5.3 - 2,2,8-trimethyldecahydroazulene-5,6-dicarbaldehyde, P. hybridus (L.) At the stage of cell death assessment, it was
found that the greatest effect was achieved in the compound under ordinal No. 2. However, the evaluation of the copy number
and expression of the CASP8, CASP9, CASP3, BAX, BCL2, TP53, MDM2, CDKN1B, CDK1, CCND1, CCND3, and RB1 genes by
DD-PCR revealed the presence of apoptosis initiation in tumor cells at the molecular level under the action of compounds No.
2 and No. 5.3 obtained from P. hybridus (L.).

Conclusion. The outcomes were multifeatured. Only compound 2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one exhibited a pro-
nounced cytostatic effect out of all compounds utilized in the experiment. Concurrently, the compound 2,2,8-trimethyldecahy-
droazulene-5,6-dicarbaldehyde was found to induce an increase in the expression of the CASP3, CASP8, TP53, and BAX genes.

Keywords: secondary plant metabolites, apoptosis, gene expression, copy number variation, HeLa cell line, digital droplet PCR
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KnetoyHble, reHOMHbIE M TPAaHCKPUNTOMHbIE 3¢ eKTbl BTOPUYHBIX METab0NUTOB
benokonbiTHUKA rMBpPUAHOrO Ha KneToyHy nuHuio Hela

10. 3naThuk’, . C. Enun'™, 0. H. Bypos?, E. C. bonaapeHko', A. b. Caraksauy', [. C. Kytunun',
B.

E.
10. B. i3uryHoBa? WU. A. Hoeukoea', 10. B. Mpxepeukuit’

TOrbY «HaumoHanbHbIi MEANLMHCKMIA UCCNef0BaTeNbCKUA LLIEHTP OHKoNorMn» MuHUCTepcTBa 3apaBooxpaHenust Poccuiickoii degepauum,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauyus
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PE3IOME

Lienb uccnepoBaHusi. OLEHUTb KNETOYHbIe, reHOMHbIe (KOMUIMHOCTb FEHOB) M TPAHCKPUNTOMHbIE (3KCTpeccus reHos) ag-
teKTbl BTOPUYHbIX MeTabonuToB P, hybridus (L.) npu ux BO3AENCTBUMN Ha KNEeTOYHYto MHuto Hela.

Martepuanbi u MeToabl. BbigeneHve BTOPUYHbIX METABONNTOB U3 PACTUTENBHOrO MaTepuana u ero uaeHTUdmKaLmio npo-
BOAWIM METOAOM MpenapaTuBHOWM XxpomaTtorpadpuu, onpefesieHne coctaBa — C NOMOLLbIO MacC-CNeKTPOMETPUYECKOrO
aHanusa, oKoH4YaTesIbHy0 BepuduKaLmio CTPyKTYPHbIX GOpMYn — METOAOM SIAEPHO-MarHMTHOrO pe3oHaHca Ha Kadeape
NPYPOAHbIX COeAMHEHN xumnyeckoro dpakynbreta GrAOY BO «HOxHbIN hepepanbHbI yHUBEPCUTET». CnefyroLlyto YacTb
nccnefoBaHNa BbIMOMHSANM C UCNONb30BaHWEM KyNbTypasibHbIX U MOJSIEKYNSIPHbIX MeTOAOB. KynbTuBupoBaHue Hel.a npoBo-
[OMNN B CTaHAApTHbIX ycnoBusx B cpefe MEM. Mpu gocTuxernn 75-80 % ypoBHA KOH(IIHOIHTHOCTY 3aMEHSINN NUTATENbHYIO
cpefly C BHECEHUEM UCCNeyeMbIX COeiMHEeHUI (B KOHLLEHTPaLuK 4 MKI/MI) U KynbTUBUPOBanu 72 4. CMEpTHOCTb KJIETOK
onpegensnu Ha cyetunke NanoEnTek JuliFl (Kopes) B npucytcteum 0,4 % TpyvnaHoBoro cuHero. OLeHKy anonTosa nocne
BO34,eNCTBUS BTOPUYHBIX METABONNTOB NPOBOANIIN Ha NPOTOYHOM LuTodtoopumeTpe BD FACSCanto Il ¢ nomowbto FITC
Annexin V Apoptosis Detection Kit |. OLeHKy YpOBHS KOMMUHOCTU M 3KCMPECCUM FEHOB, OTBETCTBEHHbIX 3a arnonTos, BbINoJi-
HAMM MeToAoM LindpOoBOI KanenbHoM nonumMepasHoi LenHow peakuum (MLP) (DD-PCR).

Pe3ynbTatbl. Bbinv BblgeneHbl M BepudMUMPOBaHbI CneaytoLne CoOeANHEHNS, KOTOPbIM A1 YPOLLEHUSI UCMOJIb30BaHuUS
B 9KCMepuMeHTe 6binn NPUCBOEHDBI criefytoLime nopsakoBble Homepa: N2 2 — 2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one,
Ne 3 - 5-(hydroxymethyl)furan-2-carbaldehyde, N2 5.3 - 2,2,8-trimethyldecahydroazulene-5,6-dicarbaldehyde P. hibridus (L.).
Ha aTane oLeHKM KNeTOYHO rméenu 6b1110 06HAPYXXEHO, YTO HanGobLMIA 3PdEKT [OCTUrAeTCS Y COEANHEHUS NOA NOPSA-
KoBbIM N2 2. OgHaKO OLeHKa rnokasaTesnen KOMMMHOCTU 1 akcnpeccun reHos CASP8, CASP9, CASP3, BAX, BCL2, TP53, MDM2,
CDKN1B, CDK1, CCND1, CCND3 n RBT1 meTopom DD-PCR BbiiBuna Hanuune nHULMaLMm anonTosa B OMyXosneBbIX KNeTKax Ha
MOJIEKY/IIPHOM YPOBHE MOA, fiecTBUEM coeanHeHuit nog N2 2 u N2 5.3, nonyyeHHbix u3 P, hibridus (L.).

3aksnioyeHme. MNonyyeHbl pe3ynbTaTbl pa3HOHaNpaBNeHHOrO XxapakTepa. 13 Bcex NCNonb30BaHHbIX B 9KCNEePUMEHTe coefin-
HEHWI BblpaXKeHHbI uuTocTaTnueckmii ahdeKT BbisiBNIEH TONbKO y coeanHenns 2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one.
B 10 ke Bpems npu ncrnonb3oBaHuu coeguHerus 2,2,8-trimethyldecahydroazulene-5,6-dicarbaldehyde BbisiBneHo yBennueHne
akcnpeccun reHoB CASP3, CASPS8, TP53, BAX.

KnioyeBble cnoBa: BTOPUYHbIE METABOIMTbI PACTEHMIA, aNMOMNTO3, SKCNPECCUSA FEHOB, KONMWNHOCTb FEHOB, KNETOYHas
nuuus Hela, undpoBas kanenbHas MLP
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INTRODUCTION

Cervical cancer is one of the main causes of fe-
male mortality. Every year, more than 528,000 new
cases of breast cancer and more than 266,000
deaths from this disease are detected [1, 2]. The
HelLa cell line is a very convenient and simple object
for conducting model experiments in vitro. This cell
line was obtained on February 8, 1951 from a cervi-
cal tumor of a patient named Henrietta Lacks at the
Baltimore hospital [3]. In our study, we used this cell
line to evaluate the cytotoxic effect of the organic
compounds of plant origin that we obtained.

Plants synthesize a huge number of secondary
metabolites, and in fact it is these metabolites that
form the basis of many commercial pharmaceuti-
cals, as well as herbal medicines. Many secondary
metabolites, such as alkaloids, terpenoids and phen-
ylpropanoids, are being considered for drug devel-
opment [4].

Secondary metabolites of plants are structurally
diverse compounds that do not directly participate in
the growth, development and reproduction of plants,
but more often perform a protective function. These
compounds with different chemical structures can
act as potential multi-purpose anticancer agents [5].
For the first time in history, the term secondary me-
tabolite was proposed by the German biologist Al-
brecht Kessel in 1891. when he gave a lecture "On the
chemical composition of cells” for the Berlin Society
of Physiologists, in which he said: "l propose to call
compounds that are important for each cell primary,
and compounds that are not present in any plant cell
secondary" [6]. Currently, the secondary metabolites
of plants are divided into several large groups. Ter-
penoids (isoprenoids) cover more than 40,000 struc-
tures and form the largest class of all known plant
metabolites. They represent a class of hydrocarbons,
i.e. products of biosynthesis of the general formula
(C,H,) n, with a carbon skeleton that is a derivative
of isoprene CH,=C(CH,)-CH=CH,. Alkaloids are
characterized as heterocyclic compounds contain-
ing a nitrogen molecule in a heterocycle and count
about 21,000 compounds. Phenolic compounds are
aromatic compounds with a benzene ring containing
at least one hydroxyl group [7].

The species selected in our work for the isolation
of secondary metabolites is the hybrid Petasites hi-
bridus (L.) Gaertn., B. Mey. & Scherb is a herbaceous
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perennial plant of the Asteraceae family, found in the
European territory of Russia, and, in particular, in the
Krasnodar Territory and the Republic of Adygea. The
reasons for the interest in this species are that var-
ious representatives of the genus Petasites, includ-
ing P. hibridus (L.) itself, contain compounds with
cytotoxic effects on tumor cells of various nosolo-
gies [8]. So in the Japanese White-collar Petasites
japonicus (Siebold & Zucc.) Maxim. sesquiterpene
| and sesquiterpene Il were detected, which showed
cytotoxic effect against both human astrocytoma
U-25TMG tumor cells, as well as against the MDA-
MB-231 breast cancer cell line [9].

Various methodological approaches are used to
study the effect of secondary plant metabolites on
tumor cells, including cytometry and flow cytoflu-
orometry, model experiments on cell cultures and
molecular genetic studies. The latter include the
assessment of the level of replication and gene
expression. CNV (copy number variation) is a type
of genetic polymorphism that leads to a change in
the number of certain genetic loci and, as a result,
a change in the expression of these genes and their
products - proteins and non-coding RNAs [10]. Stud-
ies of the effect of secondary plant metabolites on
the expression and replication of genetic loci regu-
lating apoptosis and the cell cycle in cervical cancer
are currently few, so this aspect requires additional
study. This is what this work is dedicated to.

The study purpose was to evaluate the cellular,
genomic (gene replication) and transcriptomic (gene
expression) effects of secondary metabolites of
P. hibridus (L.) when they are exposed to the Hela
cell line.

MATERIALS AND METHODS

Extraction of metabolites. The primary plant ma-
terial was collected and determined with the partic-
ipation of the staff of the Department of Botany of
the Academy of Biology and Biotechnology of the
D. I. Ivanovsky Southern Federal University. Isola-
tion and verification of secondary metabolites of
P. hibridus (L.) were carried out by employees of the
Department of Natural and High Molecular Weight
Compounds of the Faculty of Chemistry of the South-
ern Federal University. Tetrachloroethylene was used
as a solvent for primary extraction, which was poured
into mechanically purified and crushed rhizomes.
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The primary extraction process lasted for four
months. To extract tetrachloroethylene from veg-
etable raw materials, the decantation method was
used, followed by concentration of the solution by
distillation of the solvent in a distillation unit. Tet-
rachloroethylene was used as a solvent to reduce
the amount of polar compounds (mono- and disac-
charides, amino sugars, etc.). The next step was the
separation of the resulting concentrated solution us-
ing column chromatography using silica gel as a sor-
bent on column 20*2. Various eluents were used:
first, tetrachloroethylene, which allowed to obtain
10 fractions of various colors, from colorless to light
yellow. Then methylene chloride was used, which
gave 10 more fractions. After that, the eluent was
changed, and the column was filled with a mixture
of methylene chloride and alcohol in a ratio of 10/1,
which led to the production of two more fractions.
All fractions were concentrated by evaporation on
a rotary evaporator.

The method of high-performance liquid chroma-
tography with mass detection was used to identify
the isolated compounds. The mass spectra were
analyzed using NIST 2011 biotechnology, which con-
firms the results of studies with alkaloids and other
biologically active compounds.

Fractions containing higher fatty acids, nitroge-
nous bases of nucleic acids and their glycosides
were excluded from further work. In addition, the
previously isolated fractions were further purified
using column chromatography, and the purified com-
pounds were identified using nuclear magnetic res-
onance ('"H NMR). The identification of purified frac-

HO 0O
/ Me o0~

Me o OH

2,4-dihydroxy-2,5-dimethylfuran-
-3(2H)-one (2)

Chemical Formula: C,H,0,
Molecular Weight: 144,13

W/

5-(hydroxymethyl)furan- -2-carbaldehyde
®)

Chemical Formula: C,H,0,
Molecular Weight: 126,11

tions using NMR made it possible to determine the
purity and confirm the structure of compounds pre-
viously assumed using mass detector chromatogra-
phy. The following main names have been identified
for experimental use: No. 2 - 2,4-dihydroxy-2,5-di-
methylfuran-3(2H)-oh, No. 3 - 5-(hydroxymethyl)fu-
ran-2-carbaldehyde, No. 5.3 - 2,2,8-trimethyldecahy-
droazulene-5,6-dicarbaldehyde (Fig. 1).

Assessment of biological effects

The biological effect of the isolated compounds
was evaluated on the HeLa CCL2 cell line. The cell
line was obtained from the biobank of the Nation-
al Medical Research Centre for Oncology, which
works in accordance with the recommendations on
the organization of the structure of biorepositories
and the ethical requirements of the latest edition
of the ISBER Best Practices and based on the ISO
9001 standard [11]. The cells were cultured at 37 °C
and 5 % CO, in a nutrient medium Igla MEM (BioloT)
containing 10 % fetal serum from cows (HyClone,
USA), up to a number of 1 x 10° cells. When 80 %
confluence was achieved, the nutrient medium was
replaced with a similar one with the addition of 4
micrograms / ml of furfural and azulene derivatives
to the test samples, and without the addition of the
studied substances in the negative control. The
exposure time was 72 hours. After that, the cells
were removed from culture vials with 0.1 % trypsin
solution. The number of living and dead cells was
determined using an automatic NanoEnTek JuliFI
counter (Korea) with 0.4 % trypan blue staining. Cells
removed from culture vials were preserved in an RNA

Me

OH O Me
Me

|
O

2,2,8-trimethy|decahydroazulene-5,6-
dicarbaldehyde (5.3)

Chemical Formula: C,.H,,0,
Molecular Weight: 236,3499

Fig. 1. Structural formulas of three compounds isolated from the hybrid P. hibridus (L.) protein
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medium (IntactRNA Eurogene). Cellular apoptosis
was assessed on a BD FACSCanto Il flow cytofluoro-
meter using the FITC Annexin V Apoptosis Detection
Kit I. Cells stored in an RNA medium were divided
into two equal aliquots, from which total DNA/RNA
preparations were extracted using the commercial
DNA-sorb-B and Trizol kit, respectively.

Molecular methods

The evaluation of copy number variations and
gene expression was performed by digital drip PCR
using the QX200™ ddPCR™ EvaGreen Supermix
kit (Bio-Rad, USA). The Droplet Digital polymerase
chain reaction system (ddPCR™) was developed
for high-precision absolute quantitative analysis of
target sequences of nucleic acids encapsulated in
discrete droplets of water-oil emulsion determined by
volumetric method. Using a droplet generator, each
sample of the studied locus was divided into 20,000
droplets in three repeats. Amplification was carried
out to the end point (40 cycles) on the C1000 Touch
Thermal Cycler Bio-Rad.

After the amplification was completed, a QX200
Bio-Rad reader was placed on the sample plate,
which counted droplets giving fluorescent positive
and negative signals to calculate the concentration
of target DNA and ctDNA. The principle of measur-
ing the level of copyness and expression indicators
using digital drip PCR technology was to directly
count events via the FAM channel. In positive drop-
lets containing at least one copy of the target DNA,
the droplet reader shows fluorescence, unlike neg-
ative droplets in which amplification did not occur.
QuantaSoft v1 software.7.4 measures the number

Fig. 2. Screenshot of the QuantaSoft v1 software.7.4 during the
result processing
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of positive and negative droplets in each sample,
and then applies an algorithm for calculating the
Poisson distribution function to determine the initial
concentration of target DNA molecules in units of
"copies/pl" (Fig. 2).

The level of CNV and gene expression was cal-
culated as follows. According to the formula, the
concentration of each studied locus / concentration
of the reference locus x the number of copies of the
reference loci in the genome (as a rule 2).

Statistical data processing

Statistical data processing was carried out using
the Statistica 19.0 program (StatSoft Inc., USA). To
assess the significance of the differences, a single-
factor analysis of variance was used (the critical
level of statistical significance was p < 0.05).

STUDY RESULTS

At the first stage of the study, the purification
and verification of compounds that can exhibit cy-
totoxic effects on tumor cells of various nosologies
was carried out. The identification of the isolated
compounds was performed by mass spectometry
and nuclear magnetic resonance (NMR); during it,
2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one was ver-
ified, which was assigned the serial number 2,5-(hy-
droxymethyl)furan-2-carbaldehyde with the serial
number 3, as well as 2,2,8-trimethyldecahydroazu-
lene-5,6-dicarbaldehyde with the serial number 5.3.
All three compounds are isolated from the rhizomes
of P. hibridus (L.). The data obtained by evaluating
the cytotoxic effect of the compounds involved in the
experiment on the NanoEnTek JuliFl cell counter are
presented in Table 1.

As can be seen from the data presented in Ta-
ble 1, all compounds according to the results of the
trepan blue test had an approximately equivalent
effect on HelLa tumor cells; in experimental samples,
the number of dead cells exceeded the control by
1.97-2.44 times. The images below, obtained using
an inverted microscope (Leica DM IL LED), show
a comparison of a control sample of the HelLa cell
line with a sample treated with compound No. 2.
After exposure, a violation of the monolayer in the
experimental sample is seen associated with weaker
cell attachment or lysis, and a large number of cells
are "scalded" (Fig. 3).
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The following images show the effect achieved
when exposed to compound No. 3 in comparison
with the control, a dense monolayer of cells is ob-
served, at the same time a large number of scalding
cells (Fig. 4).

Figure 5 shows a comparison of the control of
Hela cells with cells that were exposed to compound
5.3, in the experimental sample there is a dense
monolayer of cells and an increase in the number
of scalding cells that exceeds that observed in the
control.

The results of the evaluation of the antitumor ef-
fect of the metabolites used by us are also confirmed
by the data of flow cytofluorometry presented below.

The most pronounced cytotoxic effect was shown
by (2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one) at
No. 2 at a concentration of 4 micrograms /ml at
exposure for 72 hours. The remaining compounds
used did not have such an effect according to flow
cytofluorometry (Fig. 6-8, table 2).

As can be seen from Figure 6, 72-hour incubation
with (2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one)
had a cytostatic effect on Hela cells, expressed in
an increase in the number of cells in the state of
early apoptosis from 7.2 to 13.3 %, and late apop-
tosis from 5.8 to 8.3 %. The total number of cells
in the state of apoptosis after exposure (2,4-dihy-
droxy-2,5-dimethylfuran-3(2H)-one) increases 1.6
times.

Based on the data in Fig.7, it follows that a 72-hour
incubation with 5-(hydroxymethyl)furan-2-carbalde-
hyde did not have a cytotoxic effect on HelLa cells,
the difference with the control in early apoptosis
changed from 7.2 to 7.3 %, and late apoptosis — from
5.8 to 6.2 %. The total number of cells in the state
of apoptosis after exposure to 5-(hydroxymethyl)
furan-2-carbaldehyde increases by 0.5 times.

Figure 8 demonstrates that 72-hour incubation
with 5-(hydroxymethyl)furan-2-carbaldehyde also did
not have a cytotoxic effect on Hela cells, the differ-
ence with the control in early apoptosis changed
from 7.2 to 7.5 %, and late apoptosis — from 5.8 to
6.8 %. The total number of culture cells in the state
of apoptosis after exposure to 2,2,8-trimethyldecahy-
droazulene-5,6-dicarbaldehyde increased 1.3 times.

Digital drip PCR was used to evaluate chang-
es in CNV and expression (CNV/EXP) indices un-
der the influence of secondary metabolites from
P. hibridus (L.) isolated by us. When exposed to
2,2,8-trimethyldecahydroazulene-5,6-dicarbaldehyde
at a concentration of 4 micrograms/ml exposure
for 72 hours, there were increases in the level of
expression of CASP3 in relation to the control by
28.28 times (p < 0.05), and CASP8 by 46.71 times
(p < 0.05). At the same time, the expression of the
CASP9 locus increased by 3.43 times (p < 0.05). Ex-
posure to 5-(hydroxymethyl) furan-2-carbaldehyde at
a concentration of 4 micrograms/Il and an exposure
of 72 hours had the following effect: the expression
level of CASP3 increased by 4.57 times relative to
the control (p < 0.05), it also increased the expres-
sion level of CASP8 by 10.48 times (p < 0.05). When
using 2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one at
a concentration of 4 micrograms/ml exposure for 72
hours, the expression of the CASP3 locus relative to
the control increased by 3.95 times (p < 0.05), and
CASP8 by 3.38 times (p < 0.05). At the same time,
the indicators of the copy level (CNV) of the CASPS,
CASP9, and CASP3 loci did not undergo major chang-
es (Fig. 9).

At the same time, the assessment of changes in
the levels of copy number variability (CNV) and ex-
pression (EXP) at the TP53 and MDM2 loci showed
the following results. The compound 2,2,8-trimeth-

Table 1. The number of living and dead HelLa cells after exposure to isolated secondary metabolites after staining with trypan blue

Compounds, concentrations

72 hours, living cells

72 hours, dead cells

Control 93.52 % 6.48 %
N2 2,4 pg/ml 87.23 % 12.77 %
N2 3,4 pg/ml 86.66 % 13.34 %
Ne 5.3, 4 pg /ml 84.16 % 15.84 %
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Fig. 5. HeLa cells after incubation with the terpenoid 2,2,8-trimethyldecahydroazulene-5,6-dicarbaldehyde. A — control specimen;
B - experimental specimen
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yldecahydroazulene-5,6-dicarbaldehyde at an expo-
sure of 72 hours and a concentration of 4 micro-
grams/ml increased the TP53 copy level by 1.05
times (p < 0.05), and MDM2 decreased by 0.26
times (p < 0.05) relative to the control. The differ-
ence between them was 4 times. In addition, 2,4-di-
hydroxy-2,5-dimethylfuran-3(2H)-one increased TP53
expression level by 1.46 times (p < 0.05) at exposure
of 72 hours and concentration of 4 micrograms/ml,

30_05_19-Kontr

10°
|
|
1
104 :
<| I ]
o Q1-1 Q2-1
o - - s
108
0
108
(o]
o
mn
A=

-2.190 -10° 0 108 10% 10°
Ann V FITC-A

while MDM2 decreased by 0.88 times (p < 0.05). The
difference was 1.66 times (Fig. 10).

The following data were obtained when evaluating
changes in the level of replication and expression of
the BAX and BCL2 loci. The terpenoid 2,2,8-trimeth-
yldecahydroazulene-5,6-dicarbaldehyde increased
the level of CNV of the I locus by 0.9 times relative to
the control (p < 0.05), the level of BCL2 decreased by
0.13 times (p < 0.05). The difference between them
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Fig. 6. Effect of (2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one) on necrosis/apoptosis of the HelLa cell line: A - control specimen;
B - experimental specimen, (Q3-1 - living cells, Q4-1 - early apoptosis, Q2-1 - late apoptosis/necrosis, Q1-1 — dead cells)
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Fig. 7. Exposure to 5-(hydroxymethyl)furan-2-carbaldehyde on necrosis/apoptosis of the HeLa cell line: A - control specimen;
B — experimental specimen, (Q3-1 - living cells, Q4-1 - early apoptosis, Q2-1 - late apoptosis/necrosis, Q1-1 — dead cells)
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was 6.92 times. Also, when exposed to the same
compound, the expression level of BAX increased by
1.73 times (p < 0.05), and BCL2 decreased by 1.19
times (p < 0.05). The difference between them was
1.45 times in favor of an increase in BAX (Fig. 11).
The furan and azulene derivatives of P. hibri-
dus (L.) metabolites used in our study changed
the level of replication and expression of CDKN1B,
CDK1,CCND1, CCND3 and RB1 loci as follows. Thus,
2,2,8-trimethyldecahydroazulene-5,6-dicarbaldehyde
increased CCND3 expression by 20.66 times relative
to the control (p < 0.05), RB1 expression increased by
7.35times (p < 0.05) at an exposure of 72 hours and
a concentration of 4 micrograms/ml. In turn 5-(hy-
droxymethyl) furan-2-carbaldehyde with an exposure
of 72 hours and a concentration of 4 micrograms/ml
also increased the expression level of CCND3 by
5.23 times (p < 0.05). At the same time, 2,4-dihy-
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droxy-2,5-dimethylfuran-3(2H)-one at similar concen-
trations and exposures increased the CCND3 copy
level by 3.48 times (p < 0.05), and the expression lev-
el increased by 2.42 times relative to the control (p <
0.05). At the same time, 2,4-dihydroxy-2,5-dimethylfu-
ran-3(2H)-one at the point of 4 micrograms/ml with
an exposure of 72 hours increased the expression
level of the RBT locus relative to the control by 4.51
times (p < 0.05) (Fig. 12).

DISCUSSION

Since the early 2000s, many works have been pub-
lished worldwide on the search for new compounds
of natural origin, including plant origin ones, with cy-
tostatic or cytotoxic effects on tumor cells of various
diseases [12]. In our study, we conducted not only
a model experiment to assess the level of cytotoxic
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Fig. 8. The effect of 2,2,8-trimethyldecahydroazulene-5,6-dicarbaldehyde on necrosis/apoptosis of the HeLa cell line: A — control specimen;
B - experimental specimen, (Q3-1 - living cells, Q4-1 — early apoptosis, Q2-1 - late apoptosis/necrosis, Q1-1 — dead cells)

Table 2. The number of HeLa cells in a state of apoptosis after exposure to isolated secondary metabolites

(72 hours exposure)

Compound Conﬁzn/trfltion, AIi\éesiells E\aprgélts_éz?se apoplt_c?;zs-:{?girosis Dez(a)d1 _C1e”S
Control 87.0% 72 % 5.8% 0%
No. 2 4 78.3% 13.3% 8.3% 0%
No. 3 4 91.1% 25% 6.3 % 0%
No. 5.3 4 94.2 % 2.6 % 32% 0%
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effect of the P. hibridus (L.) secon dary metabolites
that we obtained, but also used the digital drip PCR
method to register molecular genetic changes in
loci responsible for suppressing tumor growth and
apoptosis in HeLa tumor cells.

The data obtained in the study show mixed
results. The most pronounced change in the ex-
pression level of the CASP8 and CASP3 loci was

revealed when exposed to 2,2,8-trimethyldecahy-
droazulene-5,6-dicarbaldehyde. Cytosolic caspases
are cysteine-asparagine proteases, which are the
main family of proteins involved in the transmission
of cell death signals. Caspases are divided into three
groups: initiatory, inflammatory and effector. They
are directly involved in the initiation of apoptosis.
As is known, the CASP8 protein, which is an initia-
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tor, is associated with tumor necrosis factor (TNF)
located on the cell surface, as well as the FAS ligand
(FasL), and induces apoptosis (CD95). Activation of
the CASPS8 protein via the external apoptosis path-
way triggers BID-mediated activation of BAX and
BAK proteins on the outer membrane of mitochon-
dria, which leads to the release of cytochrome C

and subsequent activation of CASP9, which, in turn,
activates CASP3 and CASP7, thereby performing
the process of apoptosis along the mitochondrial
pathway [13]. It should be noted that when exposed
to 5-(hydroxymethyl)furan-2-carbaldehyde showed
a change in the expression level of CASP8 and
CASP3 of a similar profile.
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baldehyde (No. 5.3)
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At the same time, 2,2,8-trimethyldecahydroazu-
lene-5,6-dicarbaldehyde increased the expression lev-
el of TP53 and significantly reduced the expression
of MDM2, which may indicate a specific targeting
of the action of this compound. It should be borne
in mind that TP53 has tumor suppressive activity,
which largely explains its ability to induce cell death,
including apoptosis, through transcription-dependent
and transcription-independent mechanisms [14]. In
addition, the nuclear protein p53 transcriptionally ac-
tivates the expression of many pro-apoptotic genes
of the BCL-2 family, such as NOXA, PUMA, BID, BAD,
BIK, BAX, etc., whereas it inactivates the expression
of anti-apoptotic BCL-2, BCL-XI and MCL1, leading
to mitochondrial apoptosis [15]. The relationship
between changes in the expression level of TP53 and
BAX loci was also reflected in the results obtained.
As in the case of the TP53/MDM2 locus bundle, ex-
posure to the terpenoid 2,2,8-trimethyldecahydroa-
zulene-5,6-dicarbaldehyde affected the expression
level of BAX/BCL2 loci.

The changes in the expression level of CCND3 and
RB1 loci under the influence of 2,4-dihydroxy-2,5-di-
methylfuran-3(2H)-one were also revealed. This
compound is the only one used in our study, that led
to a decrease in the expression level of the CCND3
locus relative to RB1 (the expression level of RB1
was almost 2 times higher than the expression
level of CCND3). As is known, d-type cyclins (d1,
d2 and d3) are cell cycle regulators that activate
cyclin-dependent kinases cdk4 and cdk6, which are
often overexpressed in malignant neoplasms. The
CCND3 gene product interacts with the Rb tumor
suppressor protein and participates in its phosphor-
ylation. CDK4 activity is associated with this CCND3,

which is necessary for the transition of the cell cycle
to the G2 phase. Inhibition of CCND3 and cyclin-d-
cdk4/6 kinase in tumor cells with a high content of
retinoblastoma rb1 protein causes cell cycle arrest.
However, reducing only the level of rb1 in tumor cells
does not lead to a stop in proliferation [16]. The data
on the change in the expression of CCND3 and RB1
are consistent with the data of objective control from
photographs obtained using an inverted microscope
and data from flow cytofluorometry.

CONCLUSION

The study made it possible to establish the multi-
directional effect of secondary metabolites of P. hi-
bridus (L.) on the death and apoptosis of HeLa cells.
The data obtained by digital drip PCR revealed a max-
imum increase in the expression of genes responsible
for regulating apoptosis (CASP3, CASP8, TP53, BAX)
under the action of 2,2,8-trimethyldecahydroazu-
lene-5,6-dicarbaldehyde, as well as a change in the
expression of CCND3 and RB1 genes under the influ-
ence of 2,4-dihydroxy-2,5-dimethylfuran-3(2H)-one. At
the same time, according to cytometry and flow cyto-
fluorometry, a more pronounced proapoptogenic (cy-
totoxic) effect was detected in 2,4-dihydroxy-2,5-di-
methylfuran-3(2H)-one. It should be noted that in our
work, the expression index reacted most actively to
the studied substances, which, in some cases, was
dissonant with both gene replication and the level
of mortality and apoptosis of tumor cells. Perhaps
chemical modifications of the compounds used by
us will have a more pronounced effect both at the
molecular genetic level and at the cellular level.
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ABSTRACT

Purpose of the study. To study the possibility of detecting freely circulating DNA of the H3F3A (K27M) gene in blood plasma and
cerebrospinal fluid in the lumbar spine in children with diffuse midline gliomas (DMG) during a course of radiation therapy (RT).
Materials and methods. Molecular genetic studies were carried out by digital PCR. 96 samples of lumbar cerebrospinal fluid
and 288 samples of peripheral blood plasma from 96 pediatric patients were analyzed. The concentration of circulating tu-
mor (ctDNA) mutant DNA and wild-type DNA of the H3F3A (K27M) gene was determined in the studied material against the
background of a course of RT. Lumbar cerebrospinal fluid sampling was performed once at the beginning of therapy, blood
sampling was performed three times: The 1st test before the start of RT, the 2nd against the background of a total dose 10-15
Gy, and the 3rd after the completion of the RT course. Patients are divided into the following groups: patients with stabilization
of brain tumor growth during early magnetic resonance (MR) control 3 months after completion of the course of RT; patients
with disease progression during the same follow-up period who underwent radiation or chemoradiotherapy.

Results. When the disease stabilized after a RT course during treatment, the concentration level of both the mutant variant of
ctDNA and wild-type ctDNA significantly decreased in the third blood fraction. The absence of changes or an increase in the
concentration of mutant ctDNA and wild-type ctDNA of the H3F3A (K27M) gene by the end of the course of radiation therapy
was typical for patients with disease progression in the form of the appearance of metastatic foci in the central nervous
system or continued tumor growth. At the same time, the concentration of wild-type DNA of the H3F3A (K27M) gene in the
group of patients with progression was higher both in the lumbar cerebrospinal fluid and in the first fraction of blood plasma.
Connclusion. Determination of the concentration and dynamics of circulating tumor DNA of the mutant and wild type of the
H3F3A (K27M) gene in blood plasma and lumbar cerebrospinal fluid in children with diffuse median gliomas of the brain during
radiation therapy is promising from the point of view of predicting the effectiveness of therapy.

Keywords: glioma, diffuse median glioma, digital drip PCR, H3F3A, K27M, circulating tumor DNA (ctDNA)
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3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

3mMeHeHns KoHLeHTpawLuy cBoboaHo unpkynupytouei mytantHoit JJHK n JHK ankoro tvna
reHa H3F3A (K27TM) B kpoBu v nioMbanbHOM NnKBOpe Y AeTeil ¢ AUdY3HbIMI CPeAUHHBIMU
[MoMaMi Ha GpoHe Kypca NyyeBomn Tepanuu

0. C. PerentoBa™, B. K. boxenko', E. A. KyauHoea', T. M. Kynuuuy', E. J1. lokukua', B. B. KamuHckuii', @. ®. AHTOHeHKo',
P. A. MapxomeHko'?, H. U. 3ennnckas’, H. Cuguée’, M. B. Monywkun', A. U. leeyor’, M. A. bansHnyenko’, B. A. Conogkuit’

'OrbY «Poccuitickuii HayuHblii LLeHTp peHTreHopaguonorum» MuHucTepcTBa 3apaBooxpaHeHus Poccuiickoii ®efepauun, r. Mocksa,
Poccuiickas ®Oegepauus

2 OrAOY BO «Poccuiickuii yHuBepeuTeT Apyx6bl HapogoB», I. MockBa, Poccuiickas defepaums

X olgagraudensh@mail.ru

PE3IOME

Lienb uccnepoBanus. M3yunTb BbISBNSEMOCTb CBO60AHO LmpKynupytowwei [HK rena H3F3A (K27M) B nnasme Kposu
¥ ntoM6anbHOM NIMKBOpe Y aeTel ¢ anddyaHbiMu cpeanHHbiMu rinomamu (ACI) Ha doHe Kypca nyyeBoit Tepanum (J1T).
Matepuanbl n meToabl. MonekynsipHoO-reHeTUYecKne nccnefoBaHnsa NpoBOAMINCE METOAOM LMbPOBOM NOAMMEPA3HON
uenHoi peakuum (MUP). MpoaHanuanposaHo 96 06pasLoB toMb6anbHOro NMKeopa 1 288 06pasLoB nnasmbl nepudepu-
Yyeckow KpoBM 96 naumeHTOB AeTCKoro Bo3pacTa. B nccnegyemom matepuane onpegensinacb KOHUEHTPaLUMA LUPKYAMpY-
toweit onyxonesoi (LoHK) MyTaHTHoi OHK v JHK aukoro Tuna reHa H3F3A (K27M) Ha ¢oHe npoeogumoro Kypca J1T.
3a6op NtoM6aNBHOMO IMKBOPa NPOBOAWICS OAHOKPATHO B Havane J1T, 3a6op kpoBu — Tpuxabl: 1-A npo6a — ao Havana JT,
2-a npo6a — Ha GpoHe cymMMapHoii ouaroBoit go3bl (CO) 10-15 peit (Ip), u 3-1 — nocne 3aBeplueHus Kypca J1T. MauueHThbl,
KOTOPbIE NONYYUNN JTyHEBYIO UM XMMMUONYYEBYIO Tepanuio, 6binn pasaeneHbl Ha cnegytoLme rpynnbl: 1-A rpynna Bkaoyana
B ce6Aa NauueHToB CO CTabunnsaumein pocta onyxonu roloBHOrO MO3ra B CPOKM PaHHEro MarHUTHO-pe3oHaHcHoro (MP)
KOHTpONS, 2-A rpynna - NauMeHTOB C NPOrpeccupoBaHmeM 3a60s1eBaHus.

Pesynbratbl. [Mpy cTabunmsaumm 3abonesaHus nocne nposefeHHoro kypca JIT Ha hoHe neveHnst ypoBeHb KOHLEeHTpaLum
Kak MyTaHTHoro BapuaHTa LoJHK, Tak n uoJHK AMKoro Tuna AOCTOBEPHO CHUXXANCA B aHanM3e KPoBM Npu TpeTbeM 3abo-
pe. OTcyTCTBME USMEHEHUI UK YBENIMYEHME YPOBHS KOHLEHTpauun MmyTaHTHon Lo AHK n uoAHK gukoro tuna reHa H3F3A
(K27M) Kk KoHUy Kypca JTT 6b110 XapakTePHO st NAaLUEHTOB NPOAO/MKEHHBIM POCTOM OMYXO/U C MPOrpeccupoBaHneM 3a-
60neBaHNsA B BUAE NOABNEHNA MeTAaCTaTUYECKMX 04aroB B LIEHTpanbHON HepBHOW cucTeme. MNpu aTom KoHueHTpauua JHK
ZAuKoro Tuna reda H3F3A (K27M) B rpynne nauueHTOB ¢ NporpeccupoBaHuem 6bina 6o/ee BbICOKOM Kak B lloMBanbHOM
NVKBOPE, TaK U B aHasnM3e KpoBuW Npu nepsom 3adope.

3aknioyeHune. OnpegeneHne KOHUEHTPaLUK U AUHAMWUKWN LMPKYNupytoLen onyxoneson JHK MyTaHTHOro u gukoro tuna
reHa H3F3A (K27M) B nna3me KpoBu U itoM6anbHOM NIMKBOpE Y AeTei ¢ Auddy3HbIMU CPEAUHHBIMU FIMOMaMU FONTOBHOMO
Mo3ra B npouecce J1T siBnseTCA NepcnekTUBHbIM C TOYKM 3peHUs NPorHo3a apheKTMBHOCTM NPOBOAUMON Tepanuu.

KntouyeBble cnoBa: rnmoma, andadysHole cpeanHHas rnmoma, uudpposas kanenbHas MLUP, reH H3F3A, myTauua K27M,
umpKynupytouias onyxonesas AHK (uoHK)
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INTRODUCTION

Over the past 10 years, there has been a funda-
mental paradigm shift in the field of diffuse midline
gliomas (DMG) diagnosis, where among the most
significant discoveries is the K27M mutation in the
H3F3A or HISTTH3B genes, which encode histone
variants H3, H3.3 and H3.1. The H3K27M mutation
gives odds in gliomagenesis a head start due to per-
sistent clonogenicity and aberrant differentiation
and determines the associated changes in histone
and DNA methylation [1]. The preservation of prolif-
erative clonogenic states increases the likelihood
of acquiring additional mutations in nascent neo-
morphic cells. In addition, aberrant differentiation
can change the organization of tissues and create
a microenvironment that promotes the development
of tumors. Both of them are potential consequences
of the H3K27M mutation, and may contribute to the
occurrence of DMG [1]. To date, the detection of the
K27M mutation in the H3F3A gene is recommended
in a number of foreign countries to assess the prog-
nosis of the disease and the choice of treatment tac-
tics [2—-4]. The detection of a mutation in DMG is as-
sociated with an extremely aggressive clinical course
and an unfavorable prognosis, [5—-8] regardless of
histological examination data, therefore, when the
K27M mutation is detected in the H3F3A gene, the
tumor is classified as grade 4 malignancy [4, 6, 7].

When comparing adult and pediatric patients with
central nervous system (CNS) tumors, it was shown
that in adults, the K27M mutation occurs with the high-
est frequency in high-grade gliomas (HGGs) of the
thalamus and spinal cord, and in children — with diffuse
median gliomas of the brain, while the frequency of the
K27M mutation in the H3F3A gene can reach 94 % [6,
9, 10]. An important difference is that in children suf-
fering from DMG, the presence of the K27M mutation
is an extremely unfavorable prognostic factor, and for
supratentorial gliomas in adults, this gene change is
not clinically significant. There were no significant dif-
ferences in survival and clinical course of the disease
for adult patients with and without the K27M mutation,
H3K27M may be present both in histologically verified
HGGs and in low-grade gliomas (LGGs) [9].

In children with HGG with the K27M mutation, they
have a more aggressive clinical course in compar-
ison with HGG of a different genetic nature. In this
regard, the identification of mutant forms has prog-
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nostic value and most studies are focused specifi-
cally on the study of the mutant DNA of the H3F3A
gene in DMGs, especially among children [2]. At the
same time, there is practically no information on
the prognostic role of determining changes in the
concentration of wild-type DNA during treatment
and the ratio of concentrations of mutant DNA and
wild-type H3F3A gene [11] among diffuse midline
gliomas, although for tumors of other localizations,
an increase in the concentration of wild-type DNA is
a poor prognostic factor [12, 13].

In DMGs, due to the peculiarities of the anatomical
location of tumors, it is difficult to obtain histological
material using surgical intervention. Unfortunately,
the use of targeted stereotactic biopsy does not al-
ways allow to obtain an adequate amount of mate-
rial for histological and molecular analysis [14, 15].
When a diffuse tumor is biopsied, several samples
are taken from different points, which sometimes
does not allow to identify intra-tumor heterogeneity
for an accurate diagnosis [16]. The use of a liquid bi-
opsy method aimed at identifying biological markers
by analyzing circulating tumor DNA (ctDNA) in blood
plasma and lumbar liquor samples makes it possible
to determine the molecular profile of a tumor with-
out using traumatic invasive techniques. Modern
approaches to monitoring the course of the disease
that meet international standards use radiograph-
ic imaging — magnetic resonance imaging (MRI) to
determine how the tumor reacts to treatment. It is
worth noting that performing an MRI examination
is an expensive procedure, and often, in the case of
pediatric patients, requires the use of an anesthetic
aid, which is difficult to access in the regions. In the
case of DMG H3K27M, diffuse tumor growth and
radiation-induced edema complicate the interpreta-
tion of images under dynamic observation. Studies
have shown that the levels of tumor biomarkers in
biological media, such as blood or cerebrospinal
fluid, correlate with the course of the disease. Thus,
consistent quantification of these biomarkers can
help identify disease progression in advance. The
diagnostic potential of using liquid biopsy in children
with DMG has not been fully disclosed, although re-
search in this direction is actively underway [7, 17]. In
addition, the use of liquid biopsy in pediatric neuro-
oncology lags behind similar methods in adults, how-
ever, these studies show that the technology has
significant potential [7, 17-19].
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The most accessible material for the liquid biopsy
method is blood plasma, and for many solid tumors,
the determination of ctDNA in plasma is an important
diagnostic method [6, 7]. However, in DMG, the blood-
brain barrier (BBB) significantly restricts the flow of
ctDNA into the blood [20], therefore, an alternative
source of ctDNA is the lumbar cerebrospinal fluid [7,
21]. In CNS tumors in children, molecular examination
of the lumbar cerebrospinal fluid can also be a signif-
icant alternative to morphological verification at high
risks or inability to obtain biopsy material [19].

To date, the most sensitive method for evaluating
ctDNA, which allows obtaining adequate results with
a small amount of material, is the digital drip PCR
method [7]. In recent years, the number of studies
conducted by this method has increased many times,
including in CNS tumors [7, 11].

An integrated approach in liquid biopsy studies,
especially in DMG, should include a combination of
the choice of research material and molecular analy-
sis methods [6, 7]. In recent years, the gold standard
has become the study of ctDNA in both plasma and
cerebrospinal fluid, which allows us to obtain the
most accurate molecular data necessary for the di-
agnosis and prognosis of the course of the disease.

In this work, we examined the ctDNA of the H3F3A
(K27M) gene both in blood plasma and in lumbar
cerebrospinal fluid in children with diffuse midline gli-
omas during radiation therapy. Special attention was
paid not only to the detectability of mutant ctDNA,
but also to the ratio of the amount of mutant ctDNA
to wild-type ctDNA - variant allele fraction (VAF), the
change in H3.3K27M VAF over time ("delta VAF"), as
well as its correlation with various clinical parame-
ters [22]. In our opinion, the study of patients with-
out the H3.3K27M mutation is important, but poorly
studied. To date, we have not found information in
the available literature on changes in the concentra-
tion of wild-type DNA of the H3F3A gene against the
background of radiation therapy in children, which
confirms the relevance of our work and the need for
further development of molecular diagnostics and
personalized therapy of DMG.

MATERIALS AND METHODS

The study included 96 children with diffuse midline
gliomas of the brain who underwent radiation and
chemoradiotherapy at the Department of Russian

Scientific Center of Roentgenoradiology in the period
from 2022 to 2024. The study cohort consisted of
53 (55 %) boys and 43 (45 %) girls aged 18 months
to 18 years, the average age at the time of diagnosis
was 8 years. Clinical indicators included gender, age,
and the nature of disease progression - the appear-
ance of metastatic dropouts in the central nervous
system or continued tumor growth, but they had no
significant differences in the study groups and asso-
ciations with DNA concentrations in blood plasma
and lumbar liquor (p > 0.05). When conducting an
instrumental examination of patients based on the
results of MRI of the brain natively and with contrast
enhancement before the start of therapy, it was found
that in all patients the tumors had diffuse growth and
median location. Histological examination of tumors
in 18 cases showed that HGG prevailed mainly, 6 of
them had a K27M mutation in the H3F3A gene. The
assessment of groups with continued growth and sta-
bilization of the disease was carried out on the basis
of MRI data of the brain without and with contrast
enhancement (CE), performed within 3—4 months
after completion of the course of RT.

The scheme of radiation therapy

Radiation therapy was performed using Varian
Clinac 2100 linear accelerators, True Beam, and the
Varian Eclipse dosimetric calculation system. During
therapy, the traditional version of fractionation of
the dose of 1.8-2 Gy was used, with a total focal
dose of up to 54 Gy. In the presence of pronounced
perifocal edema and symptoms of developing intra-
cranial hypertension, treatment began in the mode
of multifractionation in single doses of 1.0-1.1 Gy
2 times a day with an interval between fractions
of 4-6 hours with a gradual transition to the usual
fractionation mode as the condition stabilizes, but
with a correction of the total dose over the period
of multifractionation in the direction of its increase
equivalent to 54 Gy. In patients with a histologically
confirmed diagnosis of HGG, a course of RT was
performed with parallel radio modification with temo-
zolomide, 75 mg/m?, daily against the background
of the entire course of RT.

Obtaining research material

During the study, we received samples of periph-
eral blood plasma and lumbar cerebrospinal fluid
from 97 patients. Samples of lumbar cerebrospinal
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fluid were taken once against the background of
radiation therapy. Blood plasma was taken at three
stages: before the start of therapy, during radiation
therapy and after completion of the course of radi-
ation therapy.

Isolation of circulating DNA from lumbar

cerebrospinal fluid

To isolate ctDNA from the lumbar liquor, we used
Sileks kits, which are based on the use of SileksMag-
NA-Direct particles (particles for selective binding of
nucleic acids). The extraction procedure was carried
out according to the protocol provided by the manu-
facturer. The collection of cerebrospinal fluid and the
beginning of the procedure for isolation of circulating
tumor DNA did not exceed 30 minutes. The lumbar
liqguor was centrifuged at 1,500 revolutions per min-
ute for 5 minutes, and a superabsorbent fraction with
a volume of 0.7 to 2 ml was used to isolate ctDNA.
In our work, mutant ctDNA of the H3F3A gene was
isolated from 96 cerebrospinal fluid samples in 33,
and wild-type ctDNA of the H3F3A gene was isolated
in all 96 cerebrospinal fluid samples (Fig. 1).

Isolation of circulating DNA from blood plasma

Plasma preparation. Plasma was separated im-
mediately after receiving a blood sample. Sileks kits
based on SileksMagNA-Direct particles were used
to isolate circulating DNA from blood plasma. The

isolation procedure was carried out according to
the manufacturer's protocol. Of the 288 peripheral
blood plasma samples obtained, mutant ctDNA of
the H3F3A gene was isolated in 29, wild-type ctD-
NA of the H3F3A gene was isolated in all studied
samples.

Determination of the K27M mutation in the

H3F3A gene by digital droplet PCR (ddPCR)

Highly sensitive screening of the H3F3A (K27M)
mutation using Digital Droplet PCR (ddPCR) technol-
ogy using the H3F3A (K28M) Screening Kit (Bio-Rad,
USA) and the QX100 Droplet Digital PCR System (Bio-
Rad, USA) was used.

For ddPCR formulation, BioRad reagents were
used according to the research protocol. The DNA
probes used to detect the amplification products of
the studied and normalizing genes were labeled FAM
and HEX. The PCR mixture was placed in a droplet
generator, where a water-oil emulsion was created
from 20 pl of the sample in which the amount of
DNA under study was to be determined, and up to
20,000 drops of 1 nl were formed in each tube. In
this case, the genetic material is randomly distrib-
uted into droplets: both target DNA and background
DNA fall into them. The process of distributing the
target DNA by droplets is purely random and obeys
the law of distribution of small Poisson numbers.
Before dividing the sample into drops, it is not nec-

ctDNA

Cerebrospinal fluid } ctDNA isolation } concentration } Digital drop } Data analysis

draw (30 min) (2 hours) assessment PCR (2 hours) (30 min)
(2-2.5 hours)
Fig. 1. Isolation of circulating tumor DNA by drip PCR from lumbar cerebrospinal fluid

Brain Blood draw Blood draw Blood draw Brain Brain
MRI | Bl No. 2 No. 3 MRI MRI
No.1 A (10-15 Gy) (50-54 Gy) No. 2 No. 3

o 1 2 3 4 5 6 7 8

weeks

Radiation
therapy course

9 10.11:12 13 14 15 16 17 18

Fig. 2. Study design
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essary to dilute it to a concentration so that each
drop contains either 0 or 1 copy of the target DNA:
when analyzing the results, situations are taken into
account when there is more than one copy of the
target in one drop. According to the Poisson distri-
bution, either one matrix chain gets into the drop,
or none gets into it. Samples were transferred from
the droplet generator to the applicator. The ampli-
fication was carried out in "real time" mode. After
amplification, the tablet was placed in a "BIO-RAD QX
T100TM DROPLET READER" device, where the signal
from the fluorescent labels was read. In a drop with
a matrix, amplification is many times more efficient
than with other types of PCR, which is due to the
presence of all components of the PCR mixture in
the nanoscale. During amplification, enzymatic cleav-
age of TagMan probes occurs, as a result of which
the fluorescence efficiency of the droplet increases
many times. The product accumulated during the
amplification is detected in each drop separately, at
arate of 1500 drops/s. Based on the ratio of the total
number of microdrops and the number of microdrops
in which the fluorescence level exceeds the back-
ground, the reader calculates the absolute amount
of DNA in one microliter of the sample. The results
were recorded in the "Quanta Self 16" program.

The database of clinical cases was formed using
electronic databases of Microsoft Excel tables. Sta-
tistical processing was carried out using the SPSS
software for Windows, version 26.0 (SPSS, Chicago,
lllinois, USA) and Statistica, version 13.

The normality of the sample distribution was
checked using the Kolmogorov-Smirnov criterion.
The reliability of the differences was determined us-
ing the Mann-Whitney criterion. The exact one-sid-
ed Fisher criterion was used to evaluate qualitative
features. The results of comparing quantitative data
were considered statistically significant at p < 0.05.

STUDY RESULTS AND DISCUSSION

1. Mutation analysis

In recent years, scientists have focused on
H3.3K27M mutant DMG [19], since the H3F3A
(K27M) mutation is more common than G34V/R
mutations in children with highly malignant diffuse
astrocytomas [23-25]. This mutation is considered
as a potential diagnostic marker for the identification

of these tumors, similar to the use of IDH1/2 muta-
tions for the diagnosis of diffuse gliomas in adults.

All H3K27M mutations described in DMG in most
cases have the same epigenomic consequences
for the PRC2 complex (PRC2 - Polycomb repres-
sive complex 2 — conservative protein complex) as
a whole [26, 27], despite the different functions and
genomic distribution of many variants. It is important
to note that the life expectancy of patients largely
depends on the type of histone where the K27M mu-
tation is present. Back in 2014, Wu et al. It was found
that patients with a mutation in histone H3.1 respond
better to radiation therapy, have a less aggressive
course and are less likely to have metastases [28].
Therefore, the assessment of the type of histone
mutation can be used as a predictive stratification
factor in future prospective studies [4].

In this study, variants of allelic fractions (VAF)
H3.3K27M were evaluated - the ratio of the con-
centration of freely circulating mutant DNA to the
wild-type DNA of the H3F3A (K27M) gene in samples
of lumbar liquor, as well as in blood plasma. At the
same time, blood plasma samples were taken be-
fore the start of radiation therapy (sample 1), during
radiation therapy (sample 2) and after the end of
radiation therapy (sample 3) (Fig. 2). A total of 8
parameters were evaluated. Thus, we determined
the concentration and assessed the dynamics of
changes, against the background of radiation thera-
py, not only mutant DNA, but also wild-type DNA of
the H3F3A (K27M) gene. It is necessary to under-
stand the molecular features of the development of
DMG from various angles in order to make it possible
to improve and create new therapeutic strategies.

2. Correlation status of the H3F3A (K27M) gene

and clinical and pathological characteristics

Previous studies have shown that K27M-mutant
DSGs are associated with significantly shorter-term
survival [28]. Moreover, in a multivariate analysis that
also took into account the effect of treatment, the
type of histone H3 mutation was a more accurate
predictor of survival duration than the assessment
of the clinical and radiological risk of DMG [11, 30].

When analyzing the data we obtained, we estab-
lished the presence of a significant correlation be-
tween progression and mutant ctDNA of the H3F3A
(K27M) gene obtained from the lumbar liquor frac-
tion (Table 1).
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In a recent preclinical study, Grasso et al., inves-
tigating the efficacy of panobinostat in DMG, estab-
lished its effectiveness against cells containing both
mutant DNA and wild-type DNA for the H3F3A (K27M)
gene in vitro, although cells with the H3K27M mu-
tation developed resistance to panobinostat within
a few weeks after exposure to low doses of the drug.
It is worth noting that panobinostat treatment signifi-
cantly prolongs the survival of mice with tumors with-
out mutation in the H3F3A gene [31]. These results
led to the initiation of NCT02717455 (clinaltrials.gov),
a clinical trial of panobinostat (Phase 1-LBH589)
conducted by the Pediatric Brain Tumor Consortium
(PBTC) for the treatment of children with recurrent
or progressive HGG.

In this regard, we paid special attention to the
change in the concentration of wild-type DNA
for the H3F3A (K27M) gene, suggesting that this
phenomenon may become one of the effective

prognostic markers of tumor progression and
the effectiveness of therapy. The analysis of the
mutual correlations of the concentrations of wild
and mutant DNA of this gene in different fractions
of blood plasma showed a number of interesting
dependencies, for example, the concentration of
mutant DNA K27M in the lumbar liquor had highly
reliable correlations with the concentration of the
same mutant DNA in the first and second fractions
of blood plasma (Table 2).

There was also a high correlation of the concen-
tration of mutant DNA of the H3F3A (K27M) gene in
the second fraction of blood with cerebrospinal fluid,
with the first fraction and the third, as well as with
the concentration level of the wild-type gene in the
third blood sample (Table 3).

Evaluation of the results of the study of the mu-
tation status in blood plasma and lumbar cerebro-
spinal fluid of patients using ddPCR showed high

Table 1. Correlation between mutant DNA of the H3F3A gene (K27M) and disease progression

Correlations are significant when p < 0.05

Value

Progression

K27Mmut in
cerebrospinal fluid

0.271440

Table 2. Correlation between the mutant DNA of the H3F3A gene (K27M) in cerebrospinal fluid and the first two blood

samples on the background of RT

Correlations are significant when p < 0.05

Value

mut(K27M cerebrospinal fluid)

mut(K27M draw 1)

0.555019

mut(K27M draw 2)

0.384082

Table 3. Correlation between the mutant DNA of the H3F3A (K27M) gene in the second blood sample and cerebrospinal fluid
draws, the first and third blood samples against the background of RT mutant variant of the gene, as well as the wild-type gene
in the third sample

Correlations are significant when p < 0.05

Value

mut(K27M draw 2)

mut(K27M cerebrospinal fluid) 0.384082
mut(K27M draw 1) 0.211165
mut(K27M draw 3) 0.360417
wt(K27M draw 3) 0.390472
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informativeness of both blood plasma and lumbar
cerebrospinal fluid, which is confirmed in studies
where ctDNA are found in the blood and lumbar
cerebrospinal fluid in the blood and lumbar cere-
brospinal fluid, which are more sensitive and can
reflect various types of mutations in glioma cells
[11, 32, 33]. At the same time, it was previously
stated that the presence of BBB means that the
cerebrospinal fluid can provide a more detailed
characteristic of the tumor than blood plasma, and
contains certain biomarkers that are unlikely to be
detected in plasma [34]. However, in our study, we
found highly reliable correlations of the studied DNA
in blood plasma and lumbar cerebrospinal fluid. At
the same time, the concentration of mutant DNA of
the H3F3A (K27M) gene in the lumbar cerebrospinal
fluid also had highly significant correlations with
the concentration of wild-type DNA of the H3F3A
(K27M) gene in the first fraction of blood plasma.
Thus, the assessment of VAF in blood plasma has
a high prognostic significance in assessing the ef-
fectiveness of therapy.

VAF and delta-VAF DURING radiation therapy of
mutant ctDNA of the H3F3A gene
Average; Interval: SE

0,11 _
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mut(K27M draw 1) Il mut(K27M draw 2)
W mut(K27M draw 3)

Fig. 3. VAF and delta-VAF against the background of radiation therapy
of mutant ctDNA of the H3F3A (K27M) gene in blood plasma in a
group of patients with continued growth (group 1) and stabilization
(group 0), depending on the data of an MR brain study 3 months after
completion of treatment

3. Analysis of the dynamics of changes in the
concentration of freely circulating DNA of the
H3F3A (K27M) gene: wild and mutant type in
the group with and without progression on the
background of radiation therapy
Radiation therapy, as a standard strategy for the
treatment of DMG, improves the quality of life of
patients, after which 70—-80 % of patients experience
temporary relief of symptoms, as well as increased
survival [24, 35, 36]. However, within 4-9 months,
the disease progresses again. lonizing radiation
(Al) used in RT can inhibit tumor growth by induc-
ing DNA damage directly or through reactive oxygen
species (ROS) [37]. So far, there are no predictors for
assessing the early effect of RT during treatment for
children with DMG, only MR control brain monitoring
after 1.5-3 months will allow to exclude or confirm
the progression of the disease. Accordingly, it is im-
possible to personalize anti-relapse therapy in time.
During the ongoing study, the concentration level
and VAF of mutant and wild ctDNA of the H3F3A
(K27M) gene were studied for groups with stabiliza-

VAF and delta-VAF DURING radiation therapy of
mutant ctDNA of the H3F34 gene
Average; Interval: SE
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Fig. 4. VAF and delta VAF against the background of radiation therapy
of wild-type ctDNA of the H3F3A (K27M) gene in cerebrospinal fluid
and blood plasma in a group of patients with continued growth (group
1) and stabilization (group 0), depending on the data of an MRI study
of the brain 3 months after completion of treatment
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tion and progression against the background of RT.
In the group of patients with stabilization, the con-
centration of mutant DNA of the H3F3A (K27M) gene
in the blood was lower in three blood plasma sam-
ples compared with the concentration of mutant ctD-
NA in the group with early progression. VAF did not
tend to significantly increase against the background
of RT with stabilization of the disease. Whereas in
children with early progression, the concentration of
VAF in three plasma samples was 2-3 times higher
compared to the group with a favorable prognosis,
and the delta of VAF increased 2 times with each
subsequent measurement against the background
of RT (Fig. 3).

When analyzing the VAF and delta VAF wild-type
ctDNA of the H3F3A (K27M) gene in cerebrospinal
fluid and blood plasma, the following patterns were
revealed in the group of patients with progression
(group 1) and without progression (group 0), de-
pending on the data of the MR brain examination
3 months after completion. The concentration level
of wild-type ctDNA of the H3F3A (K27M) gene in the
cerebrospinal fluid at the beginning of the course of
RT was identical in both groups of patients. At the
same time, in the group of patients with early pro-
gression (Fig. 4), the wild-type VAF ctDNA had the
following pattern: a decrease in the RT process in the
second plasma sample and an increase in the third
sample against the background of completion of
the RT course. Whereas in the group of patients with
stabilization of the disease, the VAF of the wild-type
ctDNA of the H3F3A (K27M) gene differed, namely:
an increase in concentration in the second plasma

sample and a significant decrease in it at the end of
the course of RT. The delta of VAF in blood plasma,
first of all, indicates the presence of a significant de-
pendence between these indicators and the course
of the disease.

The data obtained prove the diagnostic value of
the wild-type ctDNA of the H3F3A (K27M) gene, al-
lowing us to significantly expand the possibilities of
molecular diagnostics and monitoring the effective-
ness of treatment of DMG. In addition, based on the
analysis of delta VAF during treatment, it is possible
to predict early tumor recurrence after radiation ther-
apy and timely initiation of personalized therapy.

CONCLUSION

1. Studies of VAF in blood plasma and lumbar
cerebrospinal fluid of children with tumors diffuse
midline gliomas before the start of radiation therapy
are comparable and have equal diagnostic value.

2. High plasma concentrations of wild-type DNA
of the H3F3A (K27M) gene correlate with early pro-
gression, which also affects survival rates.

3. Dynamic control of the DNA concentration of
both mutant and wild-type H3F3A (K27M) gene in
blood plasma and lumbar cerebrospinal fluid in chil-
dren with diffuse midline gliomas during radiation
therapy can be used to predict the effectiveness of
RT. In addition, based on the analysis of the dynam-
ics of the concentration levels of the wild-type DNA
of the H3F3A (K27M) gene during treatment, it is
possible to predict early tumor recurrence after ra-
diation therapy.
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ABSTRACT

Purpose of the study. Bioinformatic search for transcriptomic markers (based on metabolomic data) and their validation in
the urine of serous ovarian adenocarcinoma patients.

Materials and methods. The study included 70 patients with serous ovarian adenocarcinoma and 30 conditionally healthy
individuals. The search for metabolite regulator genes and gene regulator microRNAs was performed using the Random
forest machine learning method. Ribonucleic acid (RNA) was isolated using the RNeasy Plus Universal Kits. The level of
microRNA transcripts in urine was determined by real-time PCR. Differences were assessed using the Mann-Whitney test
with Bonferroni correction.

Results. Using the Random forest method, metabolite-regulator gene (47 genes) and metabolite-regulator microRNA (613 unique
microRNA) relationships were established. The identified microRNAs were validated by real-time PCR. Changes in the levels
of microRNA transcripts were detected: miR-382-5p, miR-593-3p, miR-29a-5p, miR-2110, miR-30c-5p, miR-181a-5p, let-7b-5p,
miR-27a-3p, miR-370-3p, MiR-6529-5p, miR-653-5p, miR-4742-5p, miR-2467-3p, miR-1909-5p, miR-6743-5p, miR-875-3p,
miR-19a-3p, miR-208a-5p, miR-330-5p, miR-1207-5p, miR-4668-3p, miR-3193, miR-23a-3p, miR-12132, miR-765, miR-181b-5p,
miR-4529-3p, miR-33b-5p, miR-17-5p, miR-6866-3p, MiR-4753-5p, miR-103a-3p, miR-423-5p, miR-491-5p, miR-196b-5p,
miR-6843-3p, miR-423-5p and miR-3184-5p in the urine of patients compared to conditionally healthy individuals.
Conclusion. Thus, urine transcriptome profiling allowed both to identify potential disease markers and to better understand
the molecular mechanisms of changes underlying ovarian cancer development.

Keywords: microRNAs, polymerase chain reaction, machine learning, bioinformatics, ovarian serous adenocarcinoma, urine,
biomarkers
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3.1.6. OHKosorua, nyyesas Tepanus

OPUTUHAJIbHAA CTATbA

TpaHCKpUNTOMHbIN NPodUL MOYM NPU 3710KAYECTBEHHBIX HOBOOOPA30BAHMAX ANYHNKA

B. C. Kytunun'®, ®. E. dununnos?, H. B. MopxaHoea?, A. 10. Makcumos'

TOrbY «HaumoHanbHbIi MEANLMHCKUIA UCCNef0BaTeNbCKUIA LIEHTP OHKoNorMm» MuHUCTepcTBa 3apaBooxpaHenust Poccuiickoii degepauum,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus

2I'bY3 «KnuHuyeckuii oHkonoruyeckuii gucnadcep N2 1» MuHucTepcTBa 3gpaBooxpaHeHus KpacHogapckoro kpas, r. KpacHogap,
Poccuiickas depepauyus

M k.denees@yandex.ru

PE3IOME

Lienb uccnepoBaHus. bromHbopmaTyeckmii NOMCK TPAHCKPUMNTOMHbIX MapKepoB (Ha OCHOBaHUM METaB60SIOMHbIX AaHHbIX)
1 UX Banupaumsi B Moye 60/bHbIX CEPO3HOIN afleHOKapLMHOMOMN AUMYHUKOB.

Marepuanbi u MeToabl. B nccnegoBaHue 6b110 BKIOYeHO 70 NauMeHTOK C AMarHO30M Cepo3Hasi afleHOKapLUMHoOMa iny-
HKMKOB 1 30 yCNOBHO 3,0pPOBbIX UHANBUAYYMOB. [oncK reHoB-perynsaTopos MeTabonmToB 1 MKpoPHK perynsiTopos reHoB
OCYLLECTBAISNN C UCTIONb30BaHWEM MeTofa MaLUMHHOro 06y4eHuns Random forest. BbigeneHne puboHyKIeNHOBOW KUCOTbI
(PHK) npousBogunu c nomolybto Habopa RNeasy Plus Universal Kits. YpoBeHb TpaHckpunToB MMKpoPHK B Moye onpe-
Lensnvm MeToaoM nonvMepasHon LenHoii peakumu (MLUP) B pexxume peanbHOro BpemeHu. OLEeHKY pasnunumii NpoBoanIu
C UCnosb3oBaHNeM Kputepust MaHHa-YUTHM ¢ nonpaBKkoi boHdeppoHw.

Pesynbratbl. C ucnonbsosaHnem Metofa Random forest 6b1n ycTaHOBNEHbI B3aMMOCBA3N METaboNUT-TeH perynaTop
(47 reHoB) n MeTabonuT-MukpoPHK perynatop (613 yHukanbHbix MUKpoPHK). BbisiBneHHble MUKpoPHK 6binu Banuanposa-
Hbl MeTofoM MLP B pexxume peanbHoro BpeMeHn. O6HapyXeHO U3MeHeHUs1 YpOBHS TPaHCKpUNToB MUKPOPHK miR-382-5p,
miR-593-3p, miR-29a-5p, miR-2110, miR-30c-5p, miR-181a-5p, let-7b-5p, miR-27a-3p, miR-370-3p, miR-6529-5p, miR-653-5p,
miR-4742-5p, miR-2467-3p, miR-1909-5p, miR-6743-5p, miR-875-3p, miR-19a-3p, miR-208a-5p, miR-330-5p, miR-1207-5p,
miR-4668-3p, miR-3193, miR-23a-3p, miR-12132, miR-765, miR-181b-5p, miR-4529-3p, miR-33b-5p, miR-17-5p, miR-6866-3p,
miR-4753-5p, miR-103a-3p, miR-423-5p, miR-491-5p, miR-196b-5p, miR-6843-3p, miR-423-5p 1 miR-3184-5p B MoyYe naLueHToK
OTHOCUTENIbHO YCNOBHO-3A0POBbIX UHANBUAYYMOB.

3aknioueHue. TakvM 06pa3oM, TPAHCKPUNTOMHOE NPOodUIMPOBaHNE MOYM NMO3BOJIMIIO KaK BbISBUTb NOTEHLMANbHbIE MapKe-
pbl 3a60n1eBaHuA, TaK W JTyyLLE NMOHSATb MONEKYNSPHbIE MeXaHU3Mbl USMEHEHWIA, NNeXaLLMX B OCHOBE Pa3BUTWS paka AMYHUKOB.

KnioueBble cnoBa: MUKpoPHK, nonMMmepa3sHas LienHas peakuusi, MallMHHOe obyyeHune, 6uonHdopmaTuka, ceposHas
afeHoKapLMHOMA AWYHMKA, MoYa, BUOMapKepbI

Ona untuposanus: Kytunun [. C., dunaunnos @. E., MopxaHosa H. B., MakcumoB A. [0. TpaHCKpUNTOMHbI NpOduab MOYM NpK 310Ka4ECTBEHHbIX
HOBOO6pa3oBaHusX AUYHUKa. l0xHO-Poccuiickuii oHkonoruyeckuii xxypHan. 2024; 5(3): 76-90. https://doi.org/10.37748/2686-9039-2024-5-3-7,
https://elibrary.ru/zovxqo
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INTRODUCTION

Ovarian cancer (OC) currently takes one of the
leading positions in terms of morbidity and mortal-
ity in the world and the Russian Federation among
gynecological malignancies [1, 2]. OC includes many
subtypes of tumors, each of which has distinctive
biological and clinical characteristics. According to
the WHO classification, serous carcinoma, endome-
trioid carcinoma, mucinous carcinoma, light cell car-
cinoma, malignant Brenner tumor, serous-mucinous
carcinoma, undifferentiated carcinoma and mixed
epithelial carcinoma are distinguished [3, 4].

In most patients, rheumatoid arthritis is sporadic,
usually detected late, and the overall 5-year survival
rate is only 30—-40 %. Early detection of OC is the
most important factor in improving patient surviv-
al [6]. New methodological approaches, including
modern molecular biology approaches, are needed
for early detection and improved diagnosis of this
disease. The application of genomics and metab-
olomics has opened a new chapter of research,
which will allow the development of new tools for
early diagnosis and monitoring of the course of
oncological diseases. Advances in metabolomic
approaches using liquid or gas chromatography
combined with high-resolution mass spectrometry
(MS) have opened new prospects for simultaneous
detection and identification of biomarkers in biolog-
ical samples [7].

Our earlier study [8] of the urine metabolomic
profile by ultrahigh-performance liquid chromatog-
raphy with mass spectrometric detection showed
that patients with serous ovarian carcinoma have
an imbalance in the content of certain fatty acids
and their derivatives, acylcarnitines, phospholipids,
amino acids and their derivatives, as well as some
derivatives of nitrogenous bases. At the same time,
26 metabolites with abnormal concentrations in
urine may have some potential as non-invasive bio-
markers of breast cancer in women belonging to
high-risk groups.

Thus, it was shown that 14 metabolites (ky-
nurenine, phenylalanyl valine, lysophosphatidylcho-
line (18:3), lysophosphatidylcholine (18:2), alanyl
leucine, lysophosphatidylcholine (20:4), L-phenylal-
anine, phosphatidylinositol (34:1), 5-methoxytryp-
tophan, 2-hydroxymyristic acid, 3-oxocholic acid,
lysophosphatidylcholine (14:0), indolacrylic acid, lys-
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ophosphatidylserine (20:4)) have significantly higher
concentrations compared to conditionally healthy in-
dividuals. The content of 12 compounds, on the con-
trary, was reduced (L-beta-aspartyl-L-phenylalanine,
myristic acid, decanoyl carnitine, aspartyl-glycine,
malonylcarnitine, 3-hydroxybutyrylcarnitine, 3-meth-
ylxanthine, 2,6-dimethylheptanoyl carnitine, 3-oxodo-
decanoic acid, N-acetylproline, L-octanoylcarnitine,
capriloylglycine) [8].

The determination of a number of the above com-
pounds with high accuracy in urine samples is a pro-
cedure that requires expensive equipment and is fea-
sible only in a small number of medical institutions.
In this regard, it is extremely important to switch to
more accessible predictive markers, for example,
transcriptomic data. In this regard, the level of mi-
croRNA transcripts in urine is of particular interest [9].

microRNAs are short non-coding RNAs that regu-
late gene expression by catalyzing the destruction of
mRNA, or by inhibiting the translation of mRNA into
protein. Mature microRNA is a single-stranded RNA
of the order of 22 nucleotides in size, obtained from
a primary transcript. microRNAs are transcriptional
regulators and modulate gene expression by inter-
acting with complementary nucleotide sequences of
target mRNAs [10]. microRNAs make a significant
contribution to the initiation and development of
various molecular events, including the initiation of
oncogenesis, progression, and metastasis of tumors,
which makes microRNAs potential biomarkers for
assessing the progression and prognosis of can-
cer [11]. The study of the microRNA-mRNA regulatory
network is of great importance both for elucidating
the molecular mechanisms underlying carcinogen-
esis and for creating a panel of new biomarkers.

The purpose of the study was the bioinformatic
search for transcriptomic markers (based on me-
tabolomic data) and their validation in the urine of
patients with serous ovarian adenocarcinoma.

MATERIALS AND METHODS

The prospective study included 70 patients diag-
nosed with ovarian cancer (serous adenocarcinoma
of low (n = 30) and high grade malignancy (n = 30),
Tla-4,T1b-3,T1c-5,T2a~-3,T2b-5,T3a - 14,
T3b - 6, T3¢ - 30) and 30 conditionally healthy vol-
unteers (without any known pathologies) who make
up the control group.
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Urine samples were used as objects of research.
Before the study, the patients gave informed consent
to the scientific use of biological samples. Urine was
collected before the start of treatment.

Evaluation of microRNA expression

500 pl of urine sample was mixed with 900 pl of
QIAzol reagent (QIAGEN). Further isolation of total
RNA was carried out using the RNeasy Plus Universal
Kits kit according to the manufacturer's protocol. To
identify mature microRNAs and small U6 RNAs, the
method proposed by Balcells I. and co-authors was
used [12]. The isolated total RNA was used in a re-
verse transcription reaction, which was performed
simultaneously with polyadenylation of RNA using
specific OC primers. Next, the obtained complemen-
tary DNA was detected using real-time polymerase
chain reaction (PCR) (PCR-RV).

The design of specific oligonucleotide primers was
carried out using the Balcells I. algorithm [12]. Sev-
eral sets of oligonucleotides were selected for each
micro-RNA, from which those characterized by the
highest efficiency of reverse transcription and PCR
were selected. The effectiveness of reverse transcrip-
tion was evaluated by the values of threshold cycles
(Ct) obtained by analyzing synthetic analogues of
microRNA and mRNA (Biosan CJSC, Russia) taken at
a known concentration. The efficiency of amplification
(E) for each system was evaluated by constructing
a calibration curve, using the dilution analysis of the
corresponding RNAs isolated from clinical samples
according to the protocol described above (the aver-
age value of E was 2.0). The stability of expression
for the selection of reference genes was evaluated
using the geNorm algorithm [13]. The initial list of pro-
posed normalizers for microRNAs included: miR-191
(expression of this microRNA was the most stable in
13 compared tissues [14]); miR-23a (as a normaliz-
er suitable for the analysis of cervical samples [15]
and U6 (traditionally used as a separate standard for
normalization of microRNA expression data). Using
the geNorm algorithm, U6 was selected to normalize
microRNA expression data.

A reverse transcription reaction was performed
separately for each microRNA in one repeat. For re-
verse transcription, a reaction mixture containing 1x
poly(A) buffer (BioLabs), 10 U/pl Reverse Transcrip-
tase MMLYV (Synthol), 0.1 mM dNTPs (Synthol), 0.1
mM ATP (BioLabs), T uM OC primer, 0.5 U/ul Poly(A)

polymerase (BioLabs) and 1 mcg of total RNA. The
reaction was carried out for 15 minutes. at 16 oC,
15 min. at 42 °C, the reverse transcriptase was then
inactivated for 2 min. at 95 °C.

The change in the relative expression of micro-
RNA was evaluated by PCR-RV. Amplification was
performed in 20 pl of a PCR mixture containing 1x
PCR buffer, 0.25 mM dNTPs, 2 mM MgCI2, 1 unit act.
Taqg-DNA polymerase, 500 nM of direct and reverse
primers. OC-qPCR formulation of each sample was
performed in three repeats. The resulting mixtures
were incubated in a CFX 96 amplifier (Bio-Rad Lab-
oratories, USA) according to the following program:
2 minutes 94 °C, 50 cycles: denaturation at 95 °C for
10 seconds, annealing and elongation — 63 °C for 30
seconds. The results corresponding to Ct > 40 were
found to be negative.

The relative expression (RE) was calculated us-
ing the formula RE = 224¢t, The normalization of the
results was carried out according to the reference
locus and the expression level of the correspond-
ing target microRNAs in the samples of the control
group, sequentially according to the scheme given
below:

1. Normalization by reference locus:
AC(t) = C(t g™ C(1) eferencer WHere C(1)
of the reference locus.

2. Calculation of E2°® for each microRNA for each
patient of the control group and the main group.

3. Calculation of the median E2°0 for each locus
for the control group and the main group.

4. Normalization for the control group and the
result as a multiplicity of changes: RE = E-AC(median of
the main group /E2cWmedian of the control group (which
is identical to RE = E24¢0) [16].

is C(t)

reference

Statistical and bioinformatic data processing

The differences were assessed using the Mann-
Whitney criterion for a threshold level of statisti-
cal significance of p < 0.05, and the Bonferroni
correction was used to account for multiple com-
parisons. The data analysis was carried out in the
Python programming language using the SciPy
library [17].

The search for metabolite regulatory genes and
microRNA regulators of genes was carried out us-
ing the Random forest machine learning method,
which combines the Breiman bagging method and
the random subset method. The result of the "ran-
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dom forest" model is the predicted probability that
the target gene or microRNA is the true regulator of
a particular metabolite [18].

LASSO (Least Absolute Shrinkage and Selection
Operator), a penalized logistic regression in the R

programming language in the Rstudio shell, was
used to select minimal sets of microRNAs The im-
portance of variables was determined by counting
the number of bootstrap models with a non-zero
coefficient of the variable [19].

Table 1. Metabolites and genes regulating metabolic pathways

Metabolites*

Regulator genes

Enzymes

Kinurenin

KYNU, KMO, KYAT3, IDO

kynureninase, kynurenine-3-monooxygenase, kynurenine amino-
transferase 3, indolamine-pyrrole-2,3-dioxygenase

Phenylalanine-Valine

PAH

Phenylalanine hydroxylase

Myristic acid

PPARA, PPARGCTA,
CYP4Z1, 1YD, FASN,
PLA2GS, LGALS13

fatty acid synthase, beta-ketoacyl synthase domain, calcium-depen-
dent phospholipase A2, soluble lectin 13 binding galactoside

Lysophosphatidylcholine
(18:3), (18:2), (20:4), (14:0)

PLA2GZ2A, PLBT,
LPCAT1

phospholipase A2, lysophospholipase, LPC-acyltransferase

Decanoyl carnitine

ACADM, ACADS, CROT

Acyl-CoA dehydrogenase, Carnitine octanoyltransferase (Carnitine
0-Octanoyltransferase)

Malonyl carnitine

CPT1, CPT1A, ACADM

palmitoyl-CoA transferase, malonyl-CoA decarboxylase

Alanine-Leucine GAL, PGA3 galanin, pepsinogen A

3-hydroxybutyrylcarnitine ACADM, CRAT 3-hydroxyacyl CoA dehydrogenase, carnitine-O-acetyltransferase
3-methylxanthine PDE4D cAMP-specific 3',5-cyclic phosphodiesterase 4D
L-Phenylalanine PAH, DDC phenylalanine hydroxylase, DOPA decarboxylase

Phosphatidylinositol (34:1)

PIK3CA, PIK3CB, PIK-
3C2A, PLCB1, PIGL

phosphatidylinositol-3-kinase, 1-phosphatidylinositol-4,5-bisphos-
phate phosphodiesterase beta-1, N-acetylglucosaminylphosphati-
dylinositol-de-N-acetylase

2,6 dimethylheptanoyl

carnitine ACADM, CRAT 3-hydroxyacyl CoA dehydrogenase, carnitine-O-acetyltransferase
5-methoxytryptophan TPH1 tryptophanhydroxylase

3-oxododecanoic acid FASN, OXSM 3-oxoacyl synthase, fatty acid synthase

2- hydroxymyristic acid NMT1 n-myristoyl transferase 1

3-oxocholic acid FABP6 gastropine

Indolylacrylic acid KYAT1 kynurenine aminotransferase 1 (kynurenine aminotransferase 1)
N-acetylproline APEH N-acylpeptide hydrolase

L-octanoylcarnitine

CROT, COT, CPT2, CPT1

Carnitine-O-octanoyltransferase, carnitine-O-palmitoyltransferase
2(Carnitine O-octanoyltransferase, Carnitine O-palmitoyltransferase
2)

Capriloyl glycine

ACADM, ODC1,
GLYATL1

3-hydroxyacyl CoA dehydrogenase, ornithine decarboxylase 1,
Glycine N-acyltransferase

Lysophosphatidylserine

GPR34, PLATA

lysophosphatidylserine new receptor 1, phospholipase a1l

Note: * - the list of metabolites based on the data of the article [8]
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Table 2. Metabolites, regulatory genes of metabolic pathways and microRNAs interacting with them

Regulator
genes

Metabolites

microRNA

KYNU,
KMO,
KYATS3,
IDO1

1 Kinurenin

KMO:miR-30b-3p, miR-153-5p, miR-149-3p, miR-363-5p, miR-624-3p, miR-
937-5p, miR-1233-3p, miR-1238-3p, miR-1972, miR-3200-5p, miR-4319,
miR-3689a-5p, miR-3689b-5p, miR-4478, miR-3689¢e, miR-4695-5p, miR-
4724-5p, miR-664b-3p, miR-5684, miR-6758-5p, miR-6780a-5p, miR-6799-
5p, miR-6856-5p, miR-6867-5p, miR-6883-5p, miR-6894-5p, miR-6894-5p,
miR-7106-5p, miR-7106-5p, miR-1273h-5p, miR-12122. KYNU:miR-30a-
3p,miR-200c-3p, MiR-382-5p, miR-382-5p, miR-2117, miR-3654, miR-4652-
3p, miR-4743-3p, miR-6739-3p, miR-6879-3p, miR-6885-3p, miR-10397-5p,
miR-4638-5p, miR-30a-3p, miR-200c-3p, miR-382-5p, miR-382-5p, miR-
2117, miR-3654, miR-4652-3p, miR-4743-3p, miR-6739-3p, miR-6879-3p,
miR-6885-3p, MiR-10397-5p. KYAT3: miR-5692c, miR-5692b, miR-5692c,
miR-5692b, miR-5692¢, miR-5692b. IDO7: miR-593-3p, miR-891a-3p, miR-
5683, miR-6728-3p

2 Phenylalanine-Valine PAH

miR-23a-3p, miR-4502, miR-12132

PPARA,
PPARGCTA,
CYP4Z1,

3 Myristic acid 1YD,
FASN,
PLA2G5,
LGALS13

1YD: miR-760, miR-29a-5p, miR-208a-5p, miR-30b-3p, miR-184, miR-195-3p,
miR-320a-3p, miR-373-5p, miR-483-3p, miR-551b-5p, MiR-643, miR-646,
miR-1224-5p, miR-320b,miR-922, miR-1202, miR-1205, miR-1287-3p, miR-
513c-3p, miR-1321, miR-3144-3p, miR-3152-5p, miR-3185, miR-3191-5p,
miR-3199, miR-514b-5p, miR-4279, miR-3663-5p, miR-3681-5p, miR-3689a-
3p, MiR-3689b-3p, MiR-4429, miR-4452, miR-3689c, miR-4531, miR-4533,
miR-3972, miR-3976, miR-451b, miR-4731-5p, miR-4796-3p, miR-4799-
3p, miR-5003-3p, miR-5195-3p, miR-5588-5p, miR-6509-3p, miR-6737-5p,
miR-6737-3p, miR-6752-3p, miR-6764-3p, miR-6779-5p, miR-6780a-5p,
miR-6824-3p, miR-6829-5p, miR-6830-5p, miR-6849-5p, miR-6849-3p, miR-
6882-5p, miR-6894-3p, MiR-7106-5p, miR-7844-5p, miR-8052, miR-8069,
miR-8078, miR-146a-5p, miR-607, miR-3614-5p, miR-4482-3p, miR-197-3p,
miR-744-3p, miR-3187-3p, miR-3652, miR-4420, miR-4430, miR-4633-5p,
miR-4642, miR-4781-3p, miR-5698, miR-6499-3p, miR-6787-3p, miR-6843-
3p, miR-6848-3p, MiR-588, miR-4423-5p, miR-6501-5p.

CYP4Z1: miR-2110, FASN: miR-30c-5p, LGALS13: miR-4650-3p.

PLA2G5: miR-765, miR-3682-3p, miR-4533,miR-2467-3p,miR-4786-3p,miR-
1253,miR-3191-5p,miR-6847-5p,miR-11181-3p,miR-3916.
PPARA:miR-181a-5p, miR-181b-5p, miR-20b-5p, miR-181d-5p, miR-22-3p,
miR-140-5p, miR-372-3p, miR-330-5p, miR-331-3p, miR-345-3p, miR-520d-
3p, MiR-551b-5p, MiR-619-5p, MiR-622, miR-2113, miR-665, miR-939-3p,
miR-1976, miR-3116, miR-3183, miR-4251, miR-3690, miR-550b-2-5p,
miR-4436a, miR-4443, miR-4515, miR-4717-5p, miR-4723-5p, miR-4745-
5p, MiR-4749-5p, miR-4755-3p, miR-5591-5p, miR-6126, miR-6131, miR-
6134, miR-6505-3p, MiR-6734-3p, miR-6744-3p, miR-6753-3p, MiR-6766-
5p, miR-6791-5p, miR-6805-3p, miR-6817-5p, miR-6852-5p, miR-6873-3p,
miR-6880-5p, miR-7151-3p, miR-8071, let-7b-5p, let-7e-5p, miR-224-3p,
miR-302a-3p, miR-326, miR-335-3p, miR-429, miR-511-5p, miR-8085, miR-
10394-5p, miR-10524-5p, miR-9851-5p, miR-7107-3p, miR-7110-3p, miR-
7155-3p, miR-7158-3p, MiR-7976, miR-1233-5p, miR-4651, miR-6757-5p,
miR-6778-5p, miR-27a-5p, miR-34a-5p, miR-130b-5p, miR-196b-5p, miR-
607, miR-1249-5p, miR-3689d, miR-5006-5p, miR-6756-5p, miR-6788-5p,
miR-6797-5p, miR-6851-5p.

PARGC1A: let-7a-5p, let-7b-5p, let-7c-5p, let-7e-5p, miR-23b-3p, miR-138-
5p, miR-409-5p, miR-487a-3p, miR-193b-3p, miR-4458, miR-6884-5p, miR-
23a-3p, miR-193a-3p, miR-485-3p, miR-3666, miR-3681-3p, miR-211-5p,
miR-485-5p, miR-342-5p, miR-452-5p, miR-511-5p, miR-508-5p, miR-573,
miR-659-3p, MiR-764, miR-1825, miR-2116-3p, miR-2682-3p, miR-3929,
miR-4436a, miR-4649-5p, miR-4664-5p, miR-4713-5p, miR-4728-3p,
miR-122b-3p, miR-4768-5p, miR-4769-3p, miR-5003-5p, miR-5006-3p,
miR-5011-5p, miR-5591-3p, miR-5685, miR-6124, miR-6740-3p, miR-6818-
3p, miR-6833-3p, MiR-6845-3p, miR-6892-3p, miR-7110-5p, miR-7703,
miR-7850-5p, miR-8075, miR-8485, miR-148a-5p, miR-214-3p, miR-222-3p,
miR-9898, miR-6083

PLA2G2A,

4 Lysophosphatidylcholine PLB1, LPCATT

LPCAT1: miR-27a-3p, miR-370-3p, miR-4739, miR-4768-3p, miR-4783-3p.
PLB1: miR-3162-5p, miR-4529-3p, miR-4740-5p. PLA2G2A: miR-765, miR-
3652, miR-6134, miR-6745, miR-6756-5p, miR-6769a-5p, miR-6785-5p,
miR-6769b-5p, miR-7847-3p
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Table 2. (Continuation) Metabolites, regulatory genes of metabolic pathways and microRNAs interacting with them

Metabolites

Regulator
genes

microRNA

5 Decanoyl carnitine

ACADM,
ACADS,
CROT

CROT: miR-33a-5p, miR-373-3p, miR-33b-5p, miR-17-5p, miR-500a-5p,
miR-501-5p, miR-1250-3p, miR-4659b-3p, miR-219b-5p, miR-4795-3p,
miR-6807-3p, miR-6867-5p, miR-522-3p, miR-4325, miR-5004-3p, miR-
6833-5p, miR-221-3p. ACADM: miR-4437, miR-5580-3p, miR-6529-5p,
miR-3184-5p, miR-4704-3p. ACADS: miR-484

6  Malonyl carnitine

CPT1A,
ACADM

ACADM: miR-4437, miR-5580-3p, miR-6529-5p, miR-3184-5p, miR-4704-
3p. CPT1A: miR-653-5p, miR-328-3p, miR-6866-3p, miR-1296-3p, miR-
1322, miR-6883-5p, miR-7-2-3p, miR-335-3p, miR-520a-3p, miR-4310, miR-
4287, miR-6718-5p, miR-6785-5p, miR-6869-3p, miR-7856-5p, miR-93-5p,
miR-4293, miR-4322, miR-4707-3p, miR-24-3p, miR-6849-3p

7  Alanine-Leucine

GAL,
PGA3

GAL: miR-922, miR-4742-5p, miR-4753-5p, miR-4436b-3p, miR-5004-5p,
miR-5089-3p, miR-15b-5p, miR-138-1-3p, miR-302d-5p, miR-6810-5p,
miR-3976. PGA3: miR-2467-3p, miR-1909-5p, miR-6743-5p, miR-1913,
miR-2115-5p, miR-4646-5p, miR-5006-5p, miR-6857-5p, miR-11399,
miR-5008-5p, miR-4649-3p,miR-423-5p, miR-3679-5p, miR-423-3p, miR-
1296-3p, miR-3126-5p, miR-6759-3p, miR-3180, miR-6763-5p, miR-769-3p,
miR-3139, miR-5571-5p, miR-6768-5p, miR-761, miR-3151-5p, miR-18a-5p,
miR-4672, miR-6873-3p, miR-6875-3p, miR-3156-5p, miR-6771-5p, miR-
6879-5p, miR-3945

8  3-hydroxybutyrylcarnitine

ACADM,
CRAT

ACADM: miR-4437, miR-5580-3p, miR-6529-5p, miR-3184-5p, miR-4704-
3p. CRAT: miR-936, miR-1207-5p, miR-6764-5p, miR-7150, miR-10392-3p

9  3-methylxanthine

PDE4D

PDE4D: miR-18a-5p, miR-31-5p, miR-148a-3p, miR-301a-3p, miR-148b-3p,
miR-875-5p, miR-6766-3p, miR-26a-5p, miR-103a-3p, miR-107, miR-139-
5p, MiR-362-3p, miR-339-5p, miR-18b-5p, miR-448, miR-487a-3p, miR-
4429, miR-203a-3p, miR-211-3p, miR-124-3p, miR-149-5p, miR-99b-3p,
miR-372-3p, miR-373-5p, miR-520a-3p, miR-520d-3p, miR-625-5p, miR-
641, miR-1301-3p, miR-449¢-5p, miR-1266-5p, miR-1321, miR-1912-3p,
miR-2114-5p, miR-3125, miR-3187-5p, miR-4261, miR-4280, miR-3646,
miR-3689a-5p, MiR-3689b-5p, miR-3922-5p, miR-4446-3p, miR-3689d,
miR-3689e, miR-4492, miR-4502, miR-4511, miR-3977, miR-4646-5p,
miR-4675, miR-4698, miR-4741, miR-4756-5p, miR-4768-3p, miR-5193,
miR-1295b-5p, miR-5589-3p, miR-6500-3p, miR-548az-5p, miR-6504-5p,
miR-6511a-5p, miR-6512-5p, miR-6809-5p, miR-6809-3p, miR-6829-5p,
miR-6839-5p, miR-6859-5p, miR-5787, miR-6077, miR-6796-3p, miR-6860,
miR-7114-5p, miR-7151-3p, miR-8080, miR-8081, miR-8086, miR-195-5p,
miR-3136-5p, miR-6080, miR-6888-5p, miR-340-5p, miR-4439, miR-3148,
miR-6857-3p, miR-497-5p

10  L-Phenylalanine

PAH, DDC

PAH: miR-23a-3p, miR-4502, miR-12132. DDC: miR-875-3p, miR-3166,
miR-4502, miR-3158-3p

STUDY RESULTS

The results of the metabolite-gene-microRNA re-

lationship are presented in Table 2 and Fig. 1-2. It

Bioinformatic analysis of the relationship of the
urine metabolomic profile with gene and microRNA ex-
pression. Using the Random forest machine learning
method implemented in the R programming language,
the analysis of the metabolomic data from the arti-
cle [8] was carried out, as well as the Human Metabo-
lome Database (HMDB, https://hmdb.ca/metabolites).

At the first stage, the metabolite-enzyme and en-
zyme-gene regulator relationships were established.
The results are presented in table 1.

82

can be seen that the content of metabolites detected
in urine is regulated by a complex network of rna
and microRNA interactions. For two metabolites,
myristic acid and phosphatidylinositol, 237 and 143
micro-RNAs were detected, respectively, regulating
the content of these substances in biological fluids.

Thus, bioinformatic analysis has determined a list
of 613 unique microRNAs involved in the regulation
of the concentration of 21 metabolites. Of the 613
microRNAs, only the microRNAs with the maximum
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Table 2. (Continuation) Metabolites, regulatory genes of metabolic pathways and microRNAs interacting with them

Metabolites

Regulator
genes

microRNA

11

Phosphatidylinositol
(34:1)

PIK3CA,
PIK3CB,
PIK3C2A,
PLCBT,
PIGL

PIGL: miR-4651, miR-5087, miR-6499-3p, miR-6739-3p, miR-6764-5p,
miR-212-5p, miR-659-3p, miR-3189-3p, miR-3934-3p, miR-378g, miR-4519,
miR-6819-5p.

PIK3C2A: miR-503-5p, miR-301b-3p, miR-6838-5p, miR-23a-5p, miR-29a-
5p, miR-23b-5p, miR-510-5p, miR-1264, miR-2113, miR-1286, miR-3619-
3p, MiR-4423-3p, miR-4436a, miR-4484, miR-1343-3p, miR-6074, miR-
6760-3p, MiR-6867-5p, miR-212-5p, miR-150-5p, miR-378a-5p, miR-518a-
5p, miR-1224-3p, miR-764, miR-6821-3p.

PIK3CA: let-7i-5p, let-7e-5p, miR-19a-3p, miR-19b-3p, let-7g-5p, miR-152-
3p, MiR-202-5p, miR-4429, miR-198, miR-548e-5p, miR-5480-3p, miR-
2114-5p, miR-4430, miR-4493, miR-4659b-3p, miR-122b-5p, miR-4803,
miR-5006-3p, MiR-6797-3p, miR-1972, miR-2116-5p, miR-3157-5p, miR-
3191-5p, miR-514b-5p, miR-4303, miR-4277, miR-3606-5p, miR-3614-3p,
miR-3679-3p, miR-676-5p, miR-378g, miR-4446-5p, miR-4477b, miR-4486,
miR-4652-3p, miR-6819-5p, miR-6857-5p, miR-6868-3p, miR-6893-3p,
miR-7162-3p, miR-10526-3p, miR-12126, miR-139-5p, miR-422a.

PIK3CB: miR-23b-3p, miR-362-5p, miR-3666, miR-3064-5p, miR-4465,
miR-199a-3p, MiR-199b-3p, MiR-212-5p, miR-150-5p, miR-6504-5p, miR-
204-3p, miR-671-5p, miR-1263, miR-3646, miR-4430, miR-4682, miR-5093,
miR-6165, miR-6715a-3p, miR-7850-5p, miR-9500, miR-130b-5p, miR-
3619-5p, miR-32-3p, miR-623, miR-542-5p, miR-548j-5p, miR-544b, miR-
3614-5p, miR-3652, miR-548aw, miR-5703, miR-8077, miR-2117.

PLCB1: miR-103a-3p, miR-107, miR-423-5p, miR-3129-5p, miR-139-5p,
miR-124-3p, miR-138-1-3p, miR-302c-5p, miR-876-5p, miR-1244, miR-
1322, miR-548s, miR-4267, miR-3692-3p, miR-4433a-3p, miR-4436a, miR-
3978, miR-4647, miR-4659a-3p, miR-4670-3p, miR-5194, miR-548az-3p,
miR-6783-3p, miR-6860, miR-7151-5p, miR-8056, miR-8063, miR-502-3p

12

2,6 dimethylheptanoyl
carnitine

ACADM,
CRAT

ACADM: miR-4437, miR-5580-3p, miR-6529-5p, miR-3184-5p, miR-4704-
3p. CRAT: miR-936, miR-1207-5p, miR-6764-5p, miR-7150, miR-10392-3p

13

5-methoxytryptophan

TPH1

TPH1: miR-320a-3p, miR-450a-2-3p, miR-320b, miR-2110, miR-4435, miR-
5693, miR-5702, miR-6830-5p, miR-12118

14

3-oxododecane acid

FASN

miR-30c-5p

15

2-hydroxymyristic acid

NMT1

NMTT1: miR-181a-5p, miR-214-3p, miR-491-5p, miR-432-5p, miR-922,
miR-1202, miR-1205, miR-1972, miR-2110, miR-2682-3p, miR-3160-5p,
miR-3176, miR-4303, miR-4291, miR-4447, miR-3972, miR-4667-5p, miR-
4690-3p, miR-4700-5p, miR-23b-3p, miR-615-3p

16

3-oxocholic acid

FABP6

FABP6: miR-208a-5p, miR-330-5p, miR-196b-5p, miR-3180-3p, miR-3181,
miR-4278, miR-3689f, miR-4754, miR-4786-3p, miR-5190, miR-5195-3p,
miR-6745, miR-6751-5p, miR-6769a-5p, miR-6771-5p, miR-6792-5p, miR-
6821-5p, miR-7156-3p, miR-10226, miR-10392-5p

17

Indolylacrylic acid

KYAT1

KYAT1: miR-423-5p, miR-6842-5p, miR-597-3p, miR-4710, miR-6741-5p,
miR-6796-5p, miR-4447, miR-193b-3p

18

N-acetylproline

APEH

miR-1289

19

L-octanoylcarnitine

CROT,
CPT2

CROT: miR-33a-5p, miR-373-3p, miR-33b-5p, miR-17-5p, miR-500a-5p,
miR-501-5p, miR-1250-3p, miR-4659b-3p, miR-219b-5p, miR-4795-3p,
miR-6807-3p, miR-6867-5p, miR-522-3p, miR-4325, miR-5004-3p, miR-
6833-5p, miR-221-3p. CPT2: miR-433-3p, miR-6843-3p, miR-6848-3p, miR-
208a-5p, miR-6742-3p, miR-34a-5p

20

Capriloyl glycine

ACADM,
0DC1,
GLYATL1

ACADM: miR-4437, miR-5580-3p, miR-6529-5p, miR-3184-5p, miR-4704-
3p. ODCT: miR-423-5p, miR-3184-5p, miR-7973, miR-193b-3p. GLYATLT:
miR-1207-5p, miR-4668-3p, miR-4742-3p, miR-4999-5p, miR-664b-3p, MiR-
6846-3p, MiR-6893-3p

21

Lysophosphatidylserine
(20:4)

GPR34,
PLATA

PLA1A: miR-3153, miR-7110-3p, miR-6754-5p, miR-6887-3p. GPR34: miR-
3193, miR-2909, miR-4738-5p, miR-486-3p, miR-6808-5p

83



South Russian Journal of Cancer 2024. Vol. 5, No. 3. P. 76-90
Kutilin D. S.%, Filippov F. E., Porkhanova N. V., Maksimov A. Yu. Urine transcriptomic profile in terms of malignant ovarian tumors

interaction strength with the mRNA of the genes regu-
lating the content of metabolites were selected. The fi-

nal list contained 91 microRNAs, presented in Table 3.

Features of the content of microRNA
transcripts in the urine of patients with serous

ovarian adenocarcinoma

The generated list of 91 microRNAs regulating

the activity of 37 genes was used for validation by

real-time PCR on urine samples of patients and con-
ditionally healthy volunteers.

A statistically significant (p < 0.005) change in the
transcript level of 47 microRNAs relative to condi-
tionally healthy volunteers was found in the urine of
patients with serous ovarian adenocarcinoma (Fig. 3).

A significant increase (p < 0.05) in the level of
miR-382-5p by 1.9 times, miR-593-3p by 3.4 times,
miR-29a-5p by 2.6 times, miR-2110 by 2.5 times,

Table 3. The final list of microRNAs involved in the regulation of the concentration of metabolites

Metabolites microRNA
KMO: miR-30b-3p, miR-153-5p, miR-149-3p, miR-363-5p. KYNU: miR-30a-3p,
1 Kinurenin miR-200¢-3p, miR-382-5p, miR-382-5p. KYAT3: miR-5692c, miR-5692b, miR-

5692c. IDOT: miR-593-3p, miR-891a-3p.

2 Phenylalanine-Valine PAH: miR-23a-3p, miR-4502, miR-12132
1YD: miR-760, miR-29a-5p. CYP4Z1: miR-2110, FASN: miR-30c-5p, LGALS13:
3 Myristic acid miR-4650-3p. PLA2G5: miR-765, miR-3682-3p. PPARA: miR-181a-5p, miR-181b-
5p, miR-20b-5p. PPARGC1A: let-7a-5p, let-7b-5p, let-7¢c-5p
. . LPCAT1: miR-27a-3p, miR-370-3p, miR-4768-3p. PLB1: miR-3162-5p, miR-4529-
4 Lysophosphatidylcholine 3p. PLA2G2A: miR-765, miR-3652
- CROT: miR-33a-5p, miR-373-3p, miR-33b-5p, miR-17-5p. ACADM: miR-4437,
5 Decanoyl camitine mMiR-5580-3p, MiR-6529-5p. ACADS: miR-484
. ACADM: miR-4437, miR-5580-3p, miR-6529-5p. CPT1A: miR-653-5p, miR-328-
6 Malonyl carnitine ;
3p, miR-6866-3p
_— . GAL: miR-922, miR-4742-5p, miR-4753-5p. PGA3: miR-2467-3p, miR-1909-5p,
7 Alanine-Leucine MiR-6743-5p
8 3-hydroxybutyrylcarnitine ACADM: miR-4437, miR-5580-3p, miR-6529-5p
9 3-methylxanthine PDE4D: miR-18a-5p, miR-31-5p, miR-148a-3p
10 L-Phenylalanine PAH: miR-23a-3p. DDC: miR-875-3p, miR-3166
PIGL: miR-4651, miR-5087, miR-6499-3p. PIK3C2A: miR-503-5p, miR-301b-3p.
11 Phosphatidylinositol (34:1) PIK3CA: |et-7i-5p, let-7e-5p, miR-19a-3p. PLCB1: miR-103a-3p, miR-107,
miR-423-5p
12 2,6 dimethylheptanoyl carnitine ACADM: miR-4437, miR-5580-3p, miR-6529-5pto CRAT: miR-936, miR-1207-5p
13 5-methoxytryptophan TPH1: miR-320a-3p, miR-450a-2-3p, miR-320b
14 3-oxododecanoic acid FASN: miR-30c-5p
15 2-hydroxymyrystine acid NMTT1: miR-181a-5p, miR-214-3p, miR-491-5p
16 3-oxocholic acid FABP6: miR-208a-5p, miR-330-5p, miR-196b-5p
17 Indolylacrylic acid KYAT1: miR-423-5p, miR-6842-5p, miR-597-3p
18 N-acetylproline APEH: miR-1289
19 L-octanoylcamitine CROT: miR-33a-5p, miR-373-3p, miR-33b-5p, miR-17-5p. CPT2: miR-433-3p, miR-
6843-3p
. . ACADM: miR-4437, miR-5580-3p, miR-6529-5p. ODC1: miR-423-5p, miR-3184-
20 Capriloyl glycine 5p. GLYATLT: miR-1207-5p, miR-4668-3p
21 Lysophosphatidylserine (20:4) PLA1A: miR-3153, miR-7110-3p. GPR34: miR-3193, miR-2909
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@[ |- Metabolite Regulating Genes
® - microRNA

Fig. 1. Metabolites, regulatory genes of metabolic pathways and microRNAs interacting with them

85



South Russian Journal of Cancer 2024. Vol. 5, No. 3. P. 76-90
Kutilin D. S.%, Filippov F. E., Porkhanova N. V., Maksimov A. Yu. Urine transcriptomic profile in terms of malignant ovarian tumors

| Phosphatidylinositol |

| 2,6 dimethylheptanoyl carnitine |

‘ PIK3CA, PIK3CB, PIKIC2A,PLCBI, PIGL|
‘ ACADM, CRAT

. |L-Phenylalanine
[ parooc

.
L ] w‘.‘.\

o\ 17

VN
3-oxocholic acid o/w»»rf i \
e PAOER L
FABPG

Indolylacrylic acid

| L-octanoylcarnitine |

croT, cPT2|

Capriloyl glycine
ACADM, 0DC1, GLYATL1 |

.

Lysophosphatidylserine
GPR34, PLA1A

0O - Metabolites
@ |- Metabolite Regulating Genes

® - microRNA

Fig. 2. Metabolites, regulatory genes of metabolic pathways and microRNAs interacting with them
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miR-30c-5p by 2.9 times, miR-181a-5p by 2.6
times was found, let-7b-5p 2.6 times, miR-27A-3p
1.9 times, miR-370-3p 2.6 times, miR-6529-5p 2.5
times, miR-653-5p 2.2 times, miR-4742-5p 2.4
times, miR-2467-3p 2.6 times, miR-1909-5p 3.5
times, miR-6743-5p 4.9 times, miR-875-3p 2.3
times, miR-19a-3p 4.9 times, miR-208a-5p 2.6 times,
miR-330-5p 3.2 times, miR-1207-5p by 3.5 times,
miR-4668-3p by 4.2 times, miR-3193 is 2.6 times
higher than their level in the urine of conditionally
healthy individuals.

There was also a significant decrease (p < 0.05)
in the level of miR-23a-3p by 20.0 times, miR-12132
by 4.0 times, miR-765 by 1.8 times, miR-181b-5p by
4.0 times, miR-4529-3p by 1.8 times, miR-33b-5p by
3.1 times, miR-17-5p by 4.6 times, miR-6866-3p by
1.7 times, miR-4753-5p by 14.3 times, miR-103a-3p
by 19.6 times, miR-423-5p by 3.0 times, miR-491-5p
by 1.7 times, miR-196b-5p by 5.0 times, miR-6843-3p
2.3 times, miR-423-5p 4.6 times and miR-3184-5p
2.6 times relative to their urine levels in conditionally
healthy individuals.

Thus, the microRNA profile miR-382-5p,
miR-593-3p, miR-29a-5p, miR-2110, miR-30c-5p,
miR-181a-5p, let-7b-5p, miR-27a-3p, miR-2110,
miR-30c-5p, miR-181a-5p, let-7b-5p, miR-27a-3p,
miR-370-3p, miR-6529-5p, miR-653-5p, miR-4742-5p,

miR-2467-3p, miR-1909-5p, miR-6743-5p, miR-875-3p,
miR-19a-3p, miR-208a-5p, miR-330-5p, miR-1207-5p,
miR-4668-3p, miR-3193, miR-23a-3p, miR-12132,
miR-765, miR-181b-5p, miR-4529-3p, miR-33b-5p,
miR-17-5p, miR-6866-3p, miR-4753-5p, miR-103a-3p,
miR-423-5p, miR-491-5p, miR-196b-5p, miR-6843-3p,
miR-423-5p and miR-3184-5p are differential for pa-
tients and conditionally healthy individuals.

DISCUSSION

In our study, using machine learning methods,
links were established between metabolites that
changed the concentrations of relatively healthy
donors and genes encoding proteins involved in the
synthesis and degradation of these metabolites, as
well as links between metabolite regulatory genes
and microRNA regulators of these genes.

Bioinformatics analysis has identified a list of 613
unique micro-RNAs involved in the regulation of the
concentration of 21 metabolites. Of the 613 microR-
NAs, only the microRNAs with the maximum interac-
tion strength with the mRNA of the genes regulating
the content of metabolites were selected. The final list
contained 91 micro-RNAs, of which 47 changed the
level of their transcripts in urine (validated by PCR).

625 —
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SamiR-4529-3p — %

hsamiR363 5p —
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hsamiR765 mm— %

3
g
b
§

hsamiR23a3p B %

23|82
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Fig. 3. Changes in the level of 91 micro-RNA transcripts in the urine of patients with serous ovarian adenocarcinoma
Note: * — statistically significant (p < 0.05) change in the transcript level relative to the control group
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The level of transcripts miR-382-5p, miR-593-3p,
miR-29a-5p, miR-2110, miR-30c-5p, miR-181a-5p,
let-7b-5p, miR-27a-3p, miR-370-3p changed most
significantly in patients with OC miR-6529-5p,
mMiR-653-5p, miR-4742-5p, miR-2467-3p, miR-1909-5p,
miR-6743-5p, miR-875-3p, miR-19a-3p, miR-208a-5p,
miR-330-5p, miR-1207-5p, miR-4668-3p, MmiR-3193,
miR-23a-3p, miR-12132, miR-765, miR-181b-5p,
miR-4529-3p, miR-33b-5p, miR-17-5p, miR-6866-3p,
miR-4753-5p, miR-103a-3p, miR-423-5p, miR-491-5p,
miR-196b-5p, miR-6843-3p, miR-423-5p and
miR-3184-5p relative to their urine levels in condi-
tionally healthy individuals.

According to a number of authors, changes in
the expression level of some of these microRNAs
are associated with serous ovarian cancer: hsa-
miR-382-5p, hsa-miR-27a-3p, hsa-miR-1207-5p,
hsa-miR-423-5p [20], hsa-miR-593-3p [21], hsa-
miR-29a-5p [22, 23] and hsa-miR-30c-5p [24, 25] and
hsa-miR-30a-5p [26)].

Nevertheless, the micro-RNA panel we identified
(miR-382-5p, miR-593-3p, miR-29a-5p, miR-2110,
miR-30c-5p, miR-181a-5p, let-7b-5p, miR-27a-3p,
miR-370-3p, MiR-6529-5p, miR-653-5p, miR-4742-5p,
mMiR-2467-3p, miR-1909-5p, miR-6743-5p, miR-875-3p,
miR-19A-3p, miR-208a-5p, miR-330-5p, miR-1207-5p,
miR-4668-3p, miR-3193, miR-23A-3p, miR-12132,
miR-765, miR-181b-5p, miR-4529-3p, miR-33b-5p,
miR-17-5p, miR-6866-3p, miR-4753-5p, miR-103a-3p,
miR-423-5p, miR-491-5p, miR-196b-5p, miR-6843-3p,
miR-423-5p and miR-3184-5p) is unique and in this
combination in literary sources not represented.

Obviously, transcriptomic imbalance begins in
tissues and leads to a metabolic imbalance, which

eventually affects the composition of body fluids,
including urine.

Modern clinical oncogynecology has a serious
need for effective biomarkers, changes in the levels
of which can serve as evidence of the occurrence of
a malignant process. Non-invasive and inexpensive
PCR analysis of micro-RNA in urine makes it a par-
ticularly attractive screening tool. The application
of this approach may allow for frequent testing of
women belonging to high-risk groups and ensure
long-term patient monitoring.

CONCLUSION

Bioinformatics analysis revealed a list of 613
unique microRNAs involved in the regulation of 21
metabolites. At the same time, the level of tran-
scripts of 38 microRNAs (miR-382-5p, miR-593-3p,
miR-29a-5p, miR-2110, miR-30c-5p, miR-181a-5p,
let-7b-5p, miR-27a-3p, miR-370-3p, miR-6529-5p,
miR-653-5p, miR-4742-5p, miR-2467-3p,
miR-1909-5p, miR-6743-5p, miR-875-3p,
miR-19a-3p, miR-208a-5p, miR-330-5p, miR-1207-5p,
miR-4668-3p, miR-3193, miR-23a-3p, miR-12132,
miR-765, miR-181b-5p, miR-4529-3p, miR-33b-5p,
miR-17-5p, miR-6866-3p, miR-4753-5p, miR-103a-3p,
miR-423-5p, miR-491-5p, miR-196b-5p, miR-6843-3p,
miR-423-5p and miR-3184-5p) urine has diagnos-
tic potential in ovarian cancer and is the basis for
further research.. Thus, transcriptomic profiling of
urine made it possible both to identify potential
markers of the disease and to better understand
the molecular mechanisms of changes underlying
the development of OC.
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ABSTRACT

Purpose of the study. Investigate the metabolomic profile in tissues of patients with serous ovarian adenocarcinoma.
Materials and methods. The study included 100 patients with serous ovarian adenocarcinoma. Chromatographic separation of
metabolites was performed on a Vanquish Flex UHPLC System chromatograph, which was coupled with an Orbitrap Exploris
480 mass spectrometer. Differences were assessed using the Mann-Whitney test with Bonferroni correction.

Results. In ovarian tumor tissue, 20 compounds had abnormal concentrations compared to normal tissue: increased levels of
kynurenine, phenylalanylvaline, lysophosphatidylcholine (18:3), lysophosphatidylcholine (18:2), alanylleucine, L-phenylalanine,
phosphatidylinositol (34:1), 5-methoxytryptophan, lysophosphatidylcholine (14:0), indoleacrylic acid and decreased levels of
myristic acid, decanoylcarnitine, aspartylglycine, malonylcarnitine, 3-methylxanthine, 3-oxododecanoic acid, 2-hydroxymyristic
acid, N-acetylproline, L-octanoylcarnitine and capryloylglycine.

Conclusion. A significant metabolic imbalance was found in ovarian tumor tissue, expressed in abnormal concentrations
of fatty acids and their derivatives, acylcarnitines, amino acids and their derivatives, phospholipids and nitrogenous base
derivatives. The concentrations of these 20 metabolites in tissues can serve as diagnostic markers of ovarian cancer. Thus,
metabolomic tissue profiling allowed both to identify potential markers of the disease and to better understand the molecular
mechanisms of changes underlying the development of this disease.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'NHAJIbHASl CTATbA

MeTabo10MHbIlA npodunb 3710KAYECTBEHHbIX ONYX0/IEH SUYHUKA

®. E. ®ununnos?, [. C. Kytunun', A. 10. Makcumos', H. B. MopxaHoBa?

" ®IrBY «HaunoHanbHbIN MeANLMHCKMIA UCCNef0BaTENbCKMUIA LLIEHTP OHKoNnorum» MuHuctepcTBa 3gpaBooxpaHeHus Poccuitickoii Gepepauuy,
r. PoctoB-Ha-[1oHy, Poccuiickas Gegepauus

2['bY3 «KnuHnueckuii oHkonornyeckuii aucnancep N2 1» MuHucTepcTBa 3gpaBooxpaHeHus KpacHogapckoro kpas, r. KpacHogap,
Poccuiickas ®epepauus

X4 k.denees@yandex.ru

PE3IOME

Lienb nccnepoBanus. N3yyeHve MeTabos10MHOro Npoduns B TKaHSX y 60NIbHbIX CEPO3HOW afleHOKapLMHOMOW SSIMYHUKOB.
Matepuanbi u MeToApbl. B nccnefoBaHue 6b110 BktoyeHo 100 naymeHToK ¢ AMarHO30M cepo3Has afeHoKapLuMHoMa
ANYHUKOB. XpoMaTorpaduyeckoe pasaeneHme MeTabonnToB NpoBoaunu Ha xpomatorpade Vanquish Flex UHPLC System,
KOTOPpbI 6bIN conpsixeH ¢ Macc-cnekTpomeTpom Orbitrap Exploris 480. OueHKy pa3nvyuii NpOBOAWIIM C UCMOIb30BaAHUEM
KpuTepuss MaHHa YUTHu ¢ nonpaBkoi boHdeppoHu.

Pesynbratbl. B onyxonesoii TkaHn AnyHMKa 20 coeMHEHUA MeN aHOMasIbHYHO KOHLIEHTPaLMIO N0 CPaBHEHWIO C HOpMaslb-
HOW TKaHbHO: 06HaPY)XEHO YBENNUYEHUE COAEPXKaHUA KUHYPEHWH], deHunanaHun-sanuHa, ntusopochatugunxonvua (18:3),
nusodochatnaunxonuHa (18:2), anaHun-nenuuHa, L-dbeHnnananuna, pochatnamnmHosutona (34:1), 5-MeTokcUTpUnTO-
tdaHa, nusodocdatuaunxonvHa (14:0), MHLONAKPUIIOBOW KUCNOTbI U CHUXEHUE COAEPXKAHWUS MUPUCTUHOBOW KUCOTbI,
[eKaHOMNKapHUTWHa, acnapTua-rnLMHa, ManoHUIKapHUTUHA, 3-MeTUKCaHTMHa, 3-0KCOA0AeKaHOBOMN KUCOTbI, 2-TMApo-
KCMMMWPUCTUHOBOW KMCNOTbI, N-aLeTUnponvHa, L-okTaHounKapHMTUHa U KanpuaouarnuumHa.

3akntoueHue. B onyxoneBoi TKaHN SIMYHUKA 0BHapYXXeH 3Ha4YUTeNbHbIN METaboNOMHbIN ANCOaNaHC, BbIpaXKeHHbI B aHO-
MarsibHbIX KOHLEHTPaLUAX XUPHbIX KUCNOT U UX NPON3BOAHDIX, aLUIKapHUTUHOB, aMUHOKUCIIOT U UX NPON3BOAHDIX,
dhochonMnuaoB M NPoM3BOAHbIX a30TUCTbIX OCHOBaHMI. KoHUeHTpaummn atux 20 MeTabonMTOB B TKAHSAX MOTYT CIY>XXUTb
[MarHoCTUYeCKMMM MapKepaMm paka AM4YHUKOB. Takum 06pa3om, MeTabonoMHoe NpodunnpoBaHme TKaHel NO3BOMIIO Kak
BbISIBUTb MOTEHLMaNbHble MapKepbl 3a60/1eBaHWs, TaK U lyylle NOHATb MOIEKYNSiPHble MEXaHU3Mbl U3MEHEHWI, NTeXaLLnxX
B OCHOBE pasBUTUA AAHHOro 3a60JIeBaHMS.

KnioueBble cnoBa: MeTaGoNuTbl, ybTPaBblCOKO3Ih(EKTUBHASA XMUAKOCTHAs XxpoMaTorpadusi U Macc-CrieKTPOMETpUS,
cepo3Hasi afeHOKapLMHOMA ANYHUKa, GUoMapKepbl

Ons uutuposanus: dununnos ®. E., Kytunuu [. C., Makcumos A.10., MopxaHosa H. B. MeTa6onoMHblii npodunb 3n10KayeCTBEHHbIX OMyXONel SUYHNKA.
l0xHo-Poccuiickuii oHKonornyeckuii xyptan. 2024; 5(3): 91-101. https://doi.org/10.37748/2686-9039-2024-5-3-8, https://elibrary.ru/avxoui
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INTRODUCTION

In the last decade, among oncogynecological
diseases, ovarian cancer has occupied leading po-
sitions in terms of morbidity and mortality in the
world and Russia [1, 2]. Malignant ovarian tumors
are divided into many histological subtypes, each of
which has distinctive biological and clinical charac-
teristics. There are serous carcinoma, endometrioid
carcinoma, mucinous carcinoma, light cell carcino-
ma, malignant Brenner tumor, serous-mucinous
carcinoma, undifferentiated carcinoma and mixed
epithelial carcinoma. Serous adenocarcinoma is
the most common subtype [3, 4].

The overall five-year survival rate of ovarian can-
cer patients does not exceed 40 %, which is due to
late diagnosis. To date, the sensitivity and specific-
ity of the main diagnostic methods of this disease
are insufficient to detect it at an early stage [5, 6].
New approaches are needed to improve diagnosis.
Metabolomics methods based on high-resolution
liquid chromatography and mass spectrometry
(MS) open up new prospects for the detection and
identification of biomarkers in the femtomolar and
attomolar ranges.

So in the work of Y. Ahmed-Salim and co-authors
analyzed the results of 32 publications in the field
of metabolic research in ovarian cancer. Most stud-
ies have reported a violation of the regulation of
phospholipids and amino acids: histidine, citrulline,
alanine and methionine. At the same time, com-
binations of more than one metabolite as a panel
in various studies achieved higher sensitivity and
specificity for diagnosis than a single metabolite;
for example, combinations of various phospholip-
ids [7].

In [8], the role of histidine and citrulline in the
development of ovarian cancer was confirmed,
and new lipid compounds (lysophosphatidylcho-
line C16:1, phosphatidylcholine C32:2, C34:4 and
C36:6) potentially involved in cancer metabolism
were discovered.

However, such studies in ovarian cancer are not
numerous compared to genomic and transcrip-
tomic ones, and most of them were performed on
equipment with lower resolution and a principle of
operation different from Orbitrap technology [9],
and biological fluids of patients, such as urine [10]
or blood [11].

The purpose of the study was to study the meta-
bolic profile of tissues of patients with serous ovar-
ian adenocarcinoma in order to identify potential
diagnostic markers of the disease.

MATERIALS AND METHODS

The study included 100 patients diagnosed with
serous ovarian adenocarcinoma (T3a-c). Samples
of normal and tumor tissue obtained at the stage
of surgical treatment were used as objects of re-
search. The average age of the patients was 54.2
years.

Analysis of metabolites by the

HPLC-MS method

Surgical biopsies of tumor and normal ovarian
tissue were used for analysis, which were stored in
liquid nitrogen until the moment of metabolic and
molecular genetic studies. The samples were ho-
mogenized at a temperature no higher than 4 °C.
The homogenate was mixed with 600 pl of aceto-
nitrile LC-MS (Merck, Germany)/methanol LC-MS
(Merck, Germany) in aratio of 3/1, was stirred for 15
minutes using a vortex and incubated for 15 hours
at —20 °C. Proteins were precipitated by centrifuga-
tion at 16000 g 0 °C for 30 minutes. The superna-
tant was transferred to clean Eppendorf tubes. The
solvent was evaporated at 45 °C for 4 hours on a
SpeedVac vacuum evaporator (Eppendorf). The re-
sulting dry precipitate was dissolved in 300 pl of 95
% acetonitrile LC-MS solution (Merck, Germany) with
the addition of 0.1 % formic acid (Merck, Germany).
To better dissolve the sediment, the samples were
treated with ultrasound in an Elmsonic P 120 H ul-
trasonic bath (ELMA, Germany). Further, the sam-
ples were centrifuged for 30 min at 16000 g and the
resulting supernatant was used for chromatomass
spectrometric analysis.

Chromatographic separation of metabolites was
performed on a Vanquish Flex UHPLC System Ther-
mo Fisher Scientific chromatograph. The chromato-
graph was paired with the Orbitrap Exploris 480
mass spectrometer, which has an electrospray ion-
ization source. A sample of metabolites in a volume
of 2 pl was divided on a Hypersil GOLD™ C18 col-
umn (1.9 ym, 150 x 2.1 mm), eluents: A — 0.1 % for-
mic acid LC-MS (Merck, Germany), B — acetonitrile
LC-MS (Merck, Germany) containing 0.1 % formic
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acid (Merck, Germany). The following elution gradi-
ent was used: 1 min — 5 % of eluent B, 15 min — lin-
ear gradient of eluent B from 5t0 95 %, 2 min - 95 %
of eluent B, 0.5 min — change of eluent composition
to 5 % of eluent B, 3 min — 5 % of eluent B. The flow
of eluents is 200 pl/min.

Mass spectrometric analysis was performed on
an Orbitrap Exploris 480 (Thermo Fisher Scientific)
mass spectrometer with an electrospray ionization
source. The mass spectrometer was configured
for priority ion detection in the m/z range from 67
to 1000 Da with a resolution of 60,000. The spec-
tra were taken in the detection mode of positively
charged ions. The time to remove one spectrum is
20 minutes. Additional MS settings were as follows:
ion sputtering voltage = —3.5 kV; capillary tempera-
ture = 320 °C; sample heater temperature = 300 °C;
protective gas = 35; auxiliary gas = 10 and radio fre-
quency S-lens - 50.

For mass spectrometric peaks to be identified,
compliance with specific metabolites from the
Human Metabolome Database was established
(http://www.hmdb.ca) and Metlin (Scripps Center
for Mass Spectrometry, USA; http://metlin.scripps.
edu). For this purpose, an accurately measured
mass of the chemical compound was used. Bioin-
formatic analysis was performed using Compound
Discoverer Software (Thermo Fisher Scientific,
USA) and analysis of biochemical pathways using
the KEGG PATHWAY Database.

Statistical data processing

The differences were assessed using the
Mann-Whitney criterion for a threshold level of sta-
tistical significance of p < 0.05, and the Bonferroni
correction was used to account for multiple com-
parisons. The data analysis was carried out in the
Python programming language using the SciPy li-
brary [12].

STUDY RESULTS

During the conducted metabolomic profiling, 100
samples of serous ovarian adenocarcinoma and 100
samples of conditionally normal ovarian tissues were
analyzed. 750 metabolites were identified. For metab-
olites whose intensities in the mass spectra differed
statistically significantly relative to normal tissue,
P-value and FoldChange were determined (Table 1).
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According to the data obtained, the metabolome
of the tumor tissue of patients with serous ovari-
an carcinoma differed significantly from samples
of normal ovarian tissue of the same patients. In
the tumor tissue of the patients, 10 metabolites
(kynurenine, phenylalanyl valine, lysophosphatidyl-
choline (18:3), lysophosphatidylcholine (18:2), al-
anyl leucine, L-phenylalanine, phosphatidylinositol
(34:1), 5-methoxytryptophan, lysophosphatidylcho-
line (14:0), indolacrylic acid) had significantly high-
er concentrations In comparison with conditionally
normal tissue, the concentration of 10 compounds
(myristic acid, decanoyl carnitine, aspartyl-glycine,
malonylcarnitine, 3-methylxanthine, 3-oxododeca-
noic acid, 2-hydroxymyristinic acid, N-acetylproline,
L-octanoylcarnitine, caprylylglycine), on the con-
trary, was reduced.

Thus, it was found that the concentrations of
myristic acid, 2-hydroxymyristic acid and 3-oxodo-
decanoic acid in tumor tissue were statistically sig-
nificantly (p < 0.01) reduced by 2.6 times, 4.8 times
and 1.4 times, respectively, compared with normal
tissue. The levels of decanoyl carnitine, malonyl-
carnitine and L-octanoyl carnitine in tumor tissue
were statistically significantly (p < 0.0001) lower
by 5.3 times, 1.5 times and 6.7 times, respective-
ly, than in normal tissue. Statistically significantly
(p < 0.00000005), the concentration of a number of
phospholipids in tumor tissue in patients with ovar-
ian cancer was increased relative to normal ovarian
tissue: lysophosphatidylcholine (18:3) by 2.1 times,
lysophosphatidylcholine (18:2) by 3.4 times, phos-
phatidylinositol (34:1) by 4.1 times and lysophos-
phatidylcholine (14:0) by 1.9 times. Statistically
significant (p < 0.01) changes in the concentration
of some amino acids and their derivatives were
also found: an increase in the concentration of
kynurenine by 6.1 times, phenylalanyl valine by
2.2 times, alanyl leucine by 1.6 times, L-phenylala-
nine by 1.8 times, 5-methoxytryptophan by 1.6 times
and indolacrylic acid by 1.5 times relative to normal
tissue, as well as a decrease in the concentration
of N-acetylproline by 1.7 times, caprylylglycine by
1.5 times and aspartyl glycine by 5.0 times, respec-
tively, relative to normal ovarian tissue. A change in
the content of nitrogenous base derivatives in ovar-
ian tumor tissue was also detected, i.e. a 2.3-fold
decrease in the concentration of 3-methylxanthine
(p < 0.0001).
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DISCUSSION

The HPLC-MS method identified 750 metabo-
lites of various classes, while the concentration of
10 metabolites in the tumor tissue was significantly
increased compared to conditionally normal tissue,
and the concentration of 10 compounds was low-
ered on the contrary.

Fatty acids and their derivatives
In the tumor tissue, the concentrations of most
fatty acid derivatives — myristic acid, 2-hydroxy-

myristic acid and 3-oxododecanoic acid were re-
duced compared to conditionally normal tissue.
Tumor cells are characterized by a profound restruc-
turing of the metabolism of lipids and fatty acids. In
some types of tumors, the utilization of fatty acids
increases, while in others it is suppressed [13, 14].
Myristic acid (CH,(CH,),,COO0H, FoldChange 0.38,
p = 0.0000241) is a saturated fatty acid with an
aliphatic long chain, present in almost all living or-
ganisms [15]. Abnormal levels of myristic acid can
increase the risk of tumors [16]. It is involved in the
implementation of several antitumor mechanisms,

Table 1. The difference between the metabolomic profile of tumor tissue and normal in patients with serous ovarian

adenocarcinoma

Metabolites m/z tumg?/lr?gr?ggﬁt?é sue p-value

1. Fatty acids and their derivatives

Myristic acid 231.2 0.38 0.00002410
2-hydroxymyristic acid 267.2 0.21 0.00001000
3-oxododecanoic acid 237.1 0.74 0.071000060
2. Acylcarnitines

Decanoyl carnitine 316.2 0.19 0.000000003
Malonyl carnitine 230.1 0.65 0.000100002
L-octanoylcarnitine 288.2 0.15 0.000004011
3. Phospholipids

Lysophosphatidylcholine (18:3) 518.3 2.05 0.000000002
Lysophosphatidylcholine (18:2) 521.3 3.40 0.000000051
Lysophosphatidylcholine (14:0) 468.3 1.89 0.000000003
dochaTnannuHosuton (34:1) 430.8 411 0.000000001
4. Aminoacids and their derivatives

Alanine-Leucine 185.1 1.55 0.000900000
Phenylalanine-Valine 265.2 2.15 0.000100000
L-Phenylalanine 166.1 1.84 0.000000002
Kinurenin 209.1 6.07 0.000001000
Aspartyl-glycine 208.1 0.20 0.000012400
5-methoxytryptophan 217.1 1.61 0.000004200
Indolylacrylic acid 171.1 1.49 0.010189400
N-acetylproline 140.1 0.59 0.000085630
Capriloyl glycine 202.1 0.65 0.010212890
5. Derivatives of nitrogenous bases

3-methylxanthine 167.1 0.44 0.000100000
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such as the production of myristoleic acid, which
causes apoptosis, and in the synthesis of ceramides
de novo. According to a number of authors, the con-
tent of myristic acid in biological fluids and tissues
is inversely associated with the risk of colorectal
cancer. However, the mechanisms underlying this
relationship have not been fully studied [17-20].
2-hydroxymyristic acid (C,,H,,0,, FoldChange
0.21, p = 0.00001) is a fatty acid containing an al-
iphatic chain carrying a hydroxyl substituent at po-
sition 2, is a derivative of myristic acid. The phys-
iological function of hydroxy fatty acids remains
largely unknown. They have been shown to play a
specific role in signaling to cells [21]. 2-Hydroxy-
myristinic acid is metabolically activated in cells to
form 2-hydroxymyristoyl-CoA, a potent inhibitor of
myristoyl-CoA [22]. Currently, the main mechanisms
by which 2-hydroxylation of fatty acids is associat-
ed with metabolic adaptation and tumor growth re-
main unclear [23].
3-oxododecanoic acid (C,H,,0,, FC = 0.74,
p = 0.01000060) is a fatty acid that is a 3-oxo de-
rivative of decanoic acid. In the human body, 3-ox-
ododecanoic acid participates in a number of en-
zymatic reactions [24]. Keto-fatty acids are often
reported as artifacts of fatty acid oxidation, but
relatively rarely as natural fatty acids. 3-Keto-fatty
acids, found as secondary components of animal
tissues, are usually intermediates of B-oxidation.
For the beta-oxidation of fatty acids by mitochon-
dria, the presence of carnitine, an important cofac-
tor of metabolic processes, is an indispensable
condition. There are more than 1,000 types of acyl-
carnitines in the human body, the general function
of which is to transport acyl groups of organic acids
and fatty acids from the cytoplasm to the mitochon-
dria so that they can be broken down during beta
oxidation to produce energy [25]. This is one of the
most efficient ways of energy production in cells,
therefore, tissues with high energy consumption
mainly depend on the utilization of fatty acids [26].
Cancer is a pathological condition characterized
by high energy consumption. Glucose and gluta-
mine as energy substrates are considered a dis-
tinctive feature of tumor cells, and the metabolic
switch that allows their use in almost anaerobic
conditions is known as the Warburg effect [27]. The
canonical interpretation of the Warburg effect im-
plies that cells bypass the mitochondrial respiratory
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chain to synthesize ATP even with sufficient oxygen
supply [28]. However, it is obvious that the Warburg
effect needs to be considered in a more general
metabolic context, which also includes the utiliza-
tion of fatty acids in accordance with the effective-
ness of these substrates in terms of ATP output.
Metabolic flexibility is a phenomenon observed in
different types of cancer and within the same type
of cancer at different stages of progression. Car-
nitine-induced fatty acid oxidation plays a critical
role in the production of NADH, FADN2, NADPH,
and ATP, which can contribute to the development
of tumors [29].

Acylcarnitines

Metabolic reprogramming of tumor cells reg-
ulates the content of acylcarnitines with different
chain lengths in order to create a balance between
production, energy consumption and synthesis of
metabolic intermediates to meet the requirements
of rapid proliferation [30]. Acylcarnitines have cy-
totoxicity and immunomodulatory properties that
can be used by the tumor for growth and survival
in situ [31]. Thus, a change in the level of malonyl-
carnitine is associated with the risk of developing
breast cancer.

Malonylcarnitine is a metabolite that accumu-
lates with a specific violation of fatty acid oxidation
caused by a violation of the intake of long-chain
acylcarnitine esters into the mitochondria and in-
sufficiency of the mitochondrial respiratory chain
with a deficiency of complex 11 and malonyl-CoA
decarboxylase [32].

L-octanoylcarnitine is a physiologically active
form of octanoylcarnitine [33], which is found in
deficiency of medium chain acyl-CoA dehydroge-
nase (MCAD). L-octanoylcarnitine is involved in lip-
id peroxidation (HMDB: HMDB0000791), fatty acid
metabolism (HMDB: HMDB0000791), mitochon-
drial beta oxidation of short-chain saturated fatty
acids (HMDB: HMDB0000791) and lipid transport
(HMDB: HMDB0000791). Changes in its concen-
trations have been recorded in blood and faeces in
colorectal cancer, Crohn's disease and ulcerative
colitis [34].

Decanoyl carnitine is classified as an acylcarni-
tine with a medium chain length. A change in the
concentration of decanoyl carnitine was found in
renal cell carcinoma and breast cancer [35].
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The study of fluctuations in the content of acyl-
carnitines can contribute to a better understanding
of the mechanisms of oncological diseases and the
development of methods for their diagnosis and
treatment.

Phospholipids

In this study, an increase in the concentration of
lysophosphatidylcholines and phosphatidylinositol
was observedin ovariantumor tissue. Lysophospho-
lipids are secreted by various types of cells, includ-
ing tumor cells. These chemical compounds play
an important role in the development, activation,
and regulation of the immune system [36]. Chang-
es in the composition and content of phospholipids
and lysophospholipids have previously been shown
in prostate cancer and are considered as potential
biomarkers [37]. Lysophospholipids function as sig-
naling molecules through their specific membrane
receptors. In addition, some of the lysophospholip-
ids have tumor-promoting activity and are therefore
called "oncolipids" [38]. Recent studies have shown
that phospholipids are candidates for PH biomark-
ers. Several comprehensive prospective studies of
lipids have been conducted, such as lysophospha-
tidylcholines, phosphatidylcholines, ceramides and
sphingomyelins, the concentrations of which differ
in patients with rheumatoid arthritis compared with
healthy ones [39, 10].

Lysophosphatidylcholines, also called lysoleci-
thins, are a class of chemical compounds formed
from phosphatidylcholines by the enzyme phospho-
lipase A2. Lysophosphatidylcholines are the most
common phospholipids in the blood and key lipids
in various pathophysiological conditions such as
inflammation, endothelial activation and athero-
genesis [40]. Among other properties, they act as
a signaling molecule released by apoptotic cells to
attract phagocytes, which then phagocytize apop-
totic cells [41].

Phosphatidylinositols are minor phospholipids
of the inner membrane layer of eukaryotic cells,
important components of intracellular signaling
pathways. Phosphatidylinositol is a substrate for
a variety of signaling kinase molecules that can
attach a phosphate group to inositol. The main
biological functions of phosphatidylinositols are
a membrane stabilizer (HMDB: HMDB0009799)
and a molecular messenger (signaling molecule

(HMDB: HMDBO0009799)). Phosphatidylinositols
are involved in such important signaling path-
ways and processes as fatty acid metabolism
(HMDB: HMDB0009799), lipid peroxidation (HMDB:
HMDBO0009799), apoptosis, cell adhesion [42], cell
migration and proliferation [43]. Their content in-
creases in the blood (HMDB: HMDB0009799) in a
number of oncological diseases, including breast
cancer, colorectal cancer and stomach cancer [44].

Amino acids and their derivatives

An abundant supply of nutrients, such as ami-
no acids, is necessary for the increased metabolic
needs of tumor cells that maintain high proliferative
activity [45].

The alteration of tryptophan metabolism in can-
cer via the kynurenine pathway has attracted wide-
spread attention as a mechanism by which tumors
can elude immune control [45].

Kynurenine (B-(o-aminobenzene)-a-aminopropio-
nic acid) is an intermediate product of the enzymat-
ic breakdown of tryptophan and the biosynthesis of
nicotinic acid in the human body. During enzymatic
oxidation, kynurenine is converted to 3-hydroxyky-
nurenine. The pathway of L-tryptophan biotransfor-
mation with the formation of "kynurenine" metab-
olites plays an important role in the mechanisms
of immunoregulation and "negative" control of im-
mune inflammation [46].

In addition to the main pathways of tryptophan
catabolism, there are secondary ones, one of them
leads to indolylacrylic acid (C,,H,NO,, indolac-
rylate), the biological role of which in animals is
still unclear [47]. Stimulating the production of in-
dolacrylic acid can promote anti-inflammatory reac-
tions and have therapeutic value [47]. In our study,
the level of indolacrylic acid is elevated in ovarian
tumor tissue. The production of indolacrylic acid
may contribute to the development of anti-inflam-
matory reactions [47]. It has been shown to selec-
tively affect breast cancer cells, but does not affect
untransformed primary fibroblasts. In our study, an
increase in indolacrylic acid was accompanied by
an increase in the content of kynurenine.

5-methoxytryptophan (C,,H,,N,0.), whichis anen-
dothelial factor with anti-inflammatory properties, is
synthesized from L-tryptophan by 2 enzymes: tryp-
tophan hydroxylase-1 and hydroxyindole-O-methyl-
transferase [48]. It controls the migration and acti-
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vation of macrophages by inhibiting NF-kB [49], and
also regulates epithelial-mesenchymal transition
and metastasis [50].

Changes in the metabolism of another aromatic
amino acid, phenylalanine and its derivatives, are
also associated with inflammation and immune ac-
tivation. Neurauter G. et al showed that the concen-
tration of phenylalanine in serum in patients with
ovarian carcinoma correlates with the concentra-
tion of markers of immune activation and the devel-
opment of oxidative stress [51].

We also found a decrease in the content of as-
partyl glycine dipeptide in tumor tissue. This com-
pound is probably a product of incomplete break-
down of proteins and peptides. It is known that
some dipeptides have physiological or cellular
signaling effects, although most of them are sim-
ply short-lived intermediates on the way to specific
amino acid degradation pathways. Some dipeptides
are also considered as biomarkers of diseases [52].

Concentrations of N-acetyl-L-proline (C,H,,NO,)
and caprylylglycine also decrease. N-acetylproline
is a biologically available N-terminal form of the pro-
teinogenic alpha amino acid L-proline. N-terminal
acetylation of proteins is a widespread and highly
conserved process in eukaryotes, which is involved
in the protection and stability of proteins [53]. A
number of studies have shown the association of
N-acetyl-L-proline with colorectal cancer [54] and

metastatic melanoma [55]. Caprylylglycine is a lipid
amino acid consisting of caprylic acid and glycine.
Acylglycines are usually minor metabolites of fatty
acids [55].

Nitrogenous base derivatives and steroids

In our study, a decrease in the concentration
of 3-methylxanthine was found in ovarian tumor
tissue. 3-methylxanthine (C,HNN,0,) is a methyl
derivative of purine with a ketone group (3,7-dihy-
dropurine-2,6-dione). Some evidence suggests that
methylxanthines have antitumor effect [56]: they in-
hibit PI3K/Akt/mTOR and stimulate PTEN, promot-

ing apoptosis and autophagy [57].

CONCLUSION

A significant change in metabolism was found
in the ovarian tumor tissue, presented in abnormal
concentrations of fatty acids and their derivatives,
acylcarnitines, amino acids and their derivatives,
phospholipids and derivatives of nitrogenous bas-
es. Concentrations of these metabolites in tissues
can serve as diagnostic markers of ovarian cancer.
Thus, the metabolic profiling of tissues allowed
both to identify potential markers of the disease
and to better understand the molecular mecha-
nisms of changes underlying the development of
this disease.
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ABSTRACT

Metastatic lesions account for about 50-60 % of all cases of colorectal cancer (CRC). Currently, the prognosis for metastatic
CRC has significantly improved due to the advent of effective drug therapy and the expansion of surgical treatment options.
In this regard, the study of modern directions of treatment of metastatic CRC is of particular interest.

In this study, both literature data and obtained treatment results of patients with metastatic colorectal cancer have been
analyzed (PubMed, Scopus, eLibrary databases were used) at the National Medical Research Centre for Oncology.

Currently, many factors should be taken into account when planning therapy for patients with metastatic CRC: the character-
istics of the tumor itself (biology and localization of the tumor, tumor burden, RAS, BRAF mutational status), the patient (age,
performance status, functional state of organs and systems, comorbidity, patient attitude, expectations and preferences) and
the treatment itself (toxicity, flexibility of the treatment program, socio-economic factors, quality of life). With a resectable
process, surgical treatment with adjuvant or perioperative chemotherapy, and with potentially resectable liver metastases,
with massive prevalence, unfavorable prognosis — to carry out the most active drug therapy taking into account the muta-
tional status of the tumor in order to transfer the process to a resectable one. In case of widespread colorectal cancer, drug
therapy lines are consistently carried out, the selection of which is based on the goals of therapy, the type and time of primary
therapy, the mutation profile of the tumor, and the toxicity of drugs.

Patients with metastatic liver and/or lung lesions should be considered through the prism of surgical treatment, since it is
surgical intervention that can significantly improve the results of treatment of patients. Therefore, patients with potentially
resectable metastases should receive the most effective treatment and be operated on as soon as the process becomes
resectable. At the same time, modern chemotherapy and targeted therapy are an integral part of the treatment of patients

with metastatic colorectal cancer.
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3.1.6. OHkonorus, nyyesas Tepanus

0b30P

COBpBMBHHbIB XUpypruyeckue cTpateruy ne4eHna MeTactaTM4eckoro KoaopekTaabHoro paka

(0630p nuTEpaTypbl)

0. U. Kur, 10. A. leBopKsH, H. B. Congatknna™, B. E. KonecHukos, 0. K. bonpaapeHko, A. B. [lawkos

OrBY «HaumoHanbHbI MegULIMHCKUIA cCneoBaTeNbCKUIA LLEHTP OHKonoruu» MuHMcTepcTBa 3ApaBooxpaHenus Poccuiickont Gepepaumm,
r. PocToB-Ha-[loHy, Poccuiickas ®epepayus

X4 snv-rnioi@yandex.ru

PE3IOME

MeTacTaTuyeckoe nopaxeHue coctaBnseT okono 50-60 % Bcex cnydyaeB KonopekTanbHoro paka (KPP). B HacTosiLiee
BpPEMS NMPOrHO3 B OTHOLLUEHMU MeTacTatuyeckoro KPP 3HauuTenbHO ynyywnn-csi B CBSI3W ¢ nosiBneHnemM apdekTuBHom
NeKapCTBEHHOW Tepanuu 1 pacLuMpeHneM BO3MOXHOCTEN XUPYPruiyeckoro neyeHns. B cBsisum ¢ aTum ocobbin nHTepec
npeacTaBnseT n3yyeHne COBPEMEHHbIX HarpaBieHunii neyeHna metactatuyeckoro KPP.

B paHHOM uccnefoBaHuK 6bli NPOBEAEH aHanu3 AaHHbIX UTepaTypbl (Mcnonb3oBanuck 6a3bl AaHHbIX PubMed, Scopus,
eLIBRARY) 1 cOBCTBEHHbIX Pe3yNbTaToB NleYeHnst 60JIbHbIX MeTacTaTUYECKUM KOJTIOpeKTabHbIM pakoM B ®I'BY «Haumo-
HaNbHbIN MEAULIMHCKUI UCCNefoBaTeNbCKUI LIEHTP OHKONormm» MuHUCTepCcTBa 3apaBooxpaHeHns Poccuiickon egepaumm.
B HacTosiLLee BpeMsi Npu NIaHMPOBaHUM Tepanum NauMeHToB ¢ MeTacTaTuieckum KPP cnegyeT yun-TbiBaTb MHorve $akTto-
pbl: XapaKTePUCTUKM camoii ornyxonu (6Monorus 1 nokanusauus onyxonu, tumour burden, MyTaumoHHbIi ctatyc RAS, BRAF),
nauumeHTa (BospacT, performance status, dyHK-LiMOHaNbHOE COCTOSIHME OPraHOB M CUCTEM, KOMOPBUAHOCTb, OTHOLLEHWE
nauueHTa K pasniMyHbiM Me-TOAaM JIeYEHUS,, OXXUAAHWS U MPEANOYTEHUs) U CAMOTO JieueHus (TOKCUYHOCTb, TMBKOCTb Mpo-
rpaM-Mbl JIEYEHWS], COLIMOIKOHOMMUYECKME GaKTOpbl, KaYecTBO XW3HW). [pu pesekTabesbHOM MpoLecce XUpypruyeckoe
neyeHve ¢ abOBaHTHOW UK NepuonepaLMoHHON XMMUOTEPanven, a NPy NoTeHUM-anbHO pe3eKkTabenbHbIX MeTacTasax
B MeYeHb, NP MacCUBHOMW pacnpoCTPaHEHHOCTH, HE61aronpUSAT-HOM NPOrHO3e — NPOBOAWUTL MaKCMMasIbHO aKTUBHYHO Jle-
KapCTBEHHYIO Tepanuto C y4eTOM MyTaLM-OHHOro cTaTyca OnyXo/u C Lienbto NepeBoja npouecca B pesekTabenbHbIn. [Mpu
pacnpocTtpaHeHHoM KPP nocnepoBaTtenbHO NMPOBOASAT NIMHUK IeEKapCTBEHHOM Tepanuu, BbIGOP KOTOPOW OCHOBbIBAeTCA
Ha Lensx Tepanuu, BUAE ¥ BpEMEHW NepBUYHON Tepanuu, MyTaLMoOHHOM npoduie onyxonu, TOKCUYHO-CTU NpenapaTos.
MaumeHTbl C MeTacTaTUYeCKMM NOpaXKeHNEM MEeYEHN U/UKN NErknx JOMKHbI pacCMaTpuMBaTbCA Yepes NpusMy ornepaTms-
HOro NleYeHusl, MOCKONbKY MMEHHO XUPYPruyeckoe BMeELLATeIbCTBO CMOCO6GHO 3HA-UYMMO YNyYLINTb Pe3ynbTaTbl leYeHus
nauueHToB. MO3TOMY NauMeHTbl C NOTEHUMANbHO pe3ekTa-6e/lbHbIMW MeTacTazamMmn AOSKHbI NoyYaTb MakCMMabHO
a3 deKkTUBHOE NeyeHne 1 ONepupoBaThCs, Kak TONbKO NPOLECC CTaHeT pe3ekTabesnbHbIM. [1py 3TOM cCoOBpeMeHHast XUMMO-
Tepanus u TapreTHas Tepanus ABASIOTCA HEOTHEMJIEMON YacTbio NeveHmnst 60bHbIX MeTacTaTnyeckum KPP.

KnioueBble cnoBa: 0630p, MeTacTaTU4ecKun KOﬂOpeKTaﬂbeII?I pak, pe3ekyuna nevyeHun, xnMmmoTepanua, TapreTtHaa tepanua
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INTRODUCTION

Colorectal cancer (CRC) is the third most common
type of malignant neoplasm worldwide and the sec-
ond leading cause of cancer death [1, 2]. In Russia,
the incidence of CRC was 124 per 100 thousand pop-
ulation in 2022 [3]. Metastatic lesions are observed
in 50-60 % of all CRC cases, while metachronous
metastases occur in 20-50 %, and synchronous me-
tastases account for 15-30 % of cases, and there is
also a relationship between the latter and the worst
prognosis [4, 5]. The most common localization of
metastases is the liver, followed by the lungs, peri-
toneum and distant lymph nodes.

At the same time, metachronous metastases
occurring after treatment are most often observed
(40 %), synchronous metastases account for 25 % of
cases and are associated with a worse prognosis.
In 30 % of patients, metastatic lesion is limited only
to the liver with a primary resectable process in 1/3
of these patients. In 70 % of patients with metastatic
CRC, liver damage is primarily unresectable or there
are extrahepatic metastases [6, 7]. These data indi-
cate that the majority of CRC patients will sooner or
later have distant metastases, and these will mainly
be liver metastases.

Nevertheless, the current situation is not so trag-
ic, since the prognosis for metastatic CRC has im-
proved significantly due to the advent of effective
drug therapy and the expansion of surgical treatment
options [8, 9].

The purpose of the study was to study modern
treatment options for metastatic colorectal cancer.

Metastatic CRC drug therapy

Many studies have been devoted to the choice of
drug therapy for metastatic CRC. There are modern
chemotherapy and immunotherapy regimens (target-
ed drugs, immune checkpoint inhibitors), as well as
methods of local exposure (radiofrequency thermal
ablation, chemoembolization).

The long-term results of using FOLFOX and
FOLFIRI schemes turned out to be comparable, but
the advantages of the FOLFOX scheme in line 1 in
terms of the frequency of liver resections were re-
vealed [10]. A retrospective PRIME study conducted
in England among 512 patients showed that the ad-
dition of EGFR inhibitors to chemotherapy regimens
increases the frequency of RO liver resections by
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60 % in patients with unresectable metastases, and
these patients can be cured [11]. This conclusion
was also confirmed by a meta-analysis conducted
by Petrelli F. and coauthors [12]. The FIRE-3 study
conducted among 353 patients compared the use of
different therapy regimens for metastatic CRC and
found that the best response was achieved in the
group of patients receiving cetuximab and FOLFIRI
after 3.5 months of treatment [13]. The meta-analy-
sis also confirmed that for patients with metastatic
CRC with wild type RAS, the best treatment strategy
in the st line of therapy is chemotherapy + cetux-
imab [14]. In wild type RAS/BRAF and left-sided lo-
calization of the primary tumor, anti-EGFR should be
used, in right-sided — bevacizumab [15]. Achieving
resectability of liver metastases increases the 5-year
survival rate from 9 to 42 % [16].

Surgical strategies for CRC metastatic

liver damage

The requirement for liver resection in CRC me-
tastases is currently beyond doubt and has been
proven by LiverMetSurvey International Registry data,
according to which, out of 23 thousand patients, the
5-year survival rate in the presence of liver resection
was 42 %, without resection — 9 %. In the review by
Simmonds R. S. et al. [17], based on the analysis
of 30 studies, it was found that the 5-year surviv-
al rate of CRC patients with liver metastases with
liver resection RO/R1 was 30-32 %, with resection
R2 — 7 %, without liver resection — 0 %. A meta-anal-
ysis conducted by Kanas G. P. et al. [18] showed that
the 5-year survival rate of patients with metastatic
CRC undergoing liver resection was 38 %. Therefore,
surgery should be the goal for the majority of these
patients [6].

The criteria for resectability of liver metastases
were determined by Adam R. They were divided into
technical and oncological [19]. The technical abso-
lute criteria are the impossibility of RO resection with
less than or 30 % of the remaining liver tissue, as well
as the presence of unresectable extrahepatic me-
tastases. The technical relative criteria are the pos-
sibility of RO resection only using other procedures,
as well as R1 resection. The oncological criteria are
unresectable extrahepatic metastases, 5 or more
liver metastases, and tumor progression.

Prognostically unfavorable factors after liver re-
section for CRC metastases are: R1 resection, ex-
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trahepatic metastases, more than 1 metastasis, size
more than 5 cm, CEA above 200 ng/ml, metastases
in the lymph nodes of the primary tumor, non-event
interval less than 12 months, bilateral liver dam-
age [16, 19], BRAF mutation [20].

Oncological and surgical criteria are taken into
account when choosing treatment tactics for initially
resectable liver metastases. In the absence of surgi-
cal difficulties and favorable oncological prognostic
factors. Surgical treatment without preoperative che-
motherapy is recommended (adjuvant therapy is pos-
sible). In case of adverse oncological factors, pre- or
perioperative chemotherapy is necessary. In case
of surgical difficulties, systemic chemotherapy is
recommended regardless of oncological factors [21].

Adam R. suggests determining the tactics of treat-
ment of CRC with liver metastases depending on the
presence of symptoms of the primary tumor: with
an asymptomatic tumor with resectable metasta-
ses, simultaneous resection of the liver and primary
focus is possible, however, if there are risk factors,
then chemotherapy is performed first, then liver re-
section, and only then resection of the primary focus
is performed; with symptomatic tumors with resect-
able metastases undergo resection of the primary
lesion, followed by chemotherapy followed by liver
resection. In case of an asymptomatic tumor with
unresectable metastases, chemotherapy is recom-
mended, followed by step-by-step resection of the liv-
er and primary focus when the process is transferred
to a resectable one. In case of a symptomatic tumor
with unresectable metastases, resection of the pri-
mary focus is performed, chemotherapy followed
by liver resection when the process is transferred to
a resectable one [7].

Aigner F. and co-author. They make their own ad-
justments to the treatment regimen for metastatic
CRC: in an asymptomatic resectable process with the
presence of risk factors after neoadjuvant chemo-
therapy, simultaneous surgical interventions should
be performed instead of two-stage ones [22].

The views of oncologists are currently attracted by
a group of asymptomatic tumors with conditionally
resectable liver metastases, which is recommend-
ed to undergo the most active neoadjuvant chemo-
therapy with the maximum frequency of objective
response (duplets, triplets) using targeted drugs
(depending on the RAS status) with an assessment
of the effect every two months [11, 23].

MEeTacTaTUyeckoro KoJiopeKTabHoro paka (063op nuTepatypbl)

At the same time, patients with conditionally re-
sectable liver metastases undergoing drug therapy
should undergo surgery immediately upon reaching
resectability, without waiting for a full response. This
position is due to several factors. Firstly, 83 % of me-
tastases that disappeared during chemotherapy will
cause the progression of the disease, and secondly,
there is also a danger of hepatotoxicity [18, 22], to
reduce the development of which it is recommended
to limit preoperative therapy to 2—3 months [24].

In addition, the frequency of postoperative com-
plications directly depends on the number of therapy
courses performed: 13.6 % — without chemotherapy,
19 % — after 5 courses of therapy, 45.4 % — after 6-9
courses of therapy, 61.5 % — after 10 or more courses
of therapy [25, 26]. At the same time, early tumor
reduction (= 20 % or < 30 %) at 6—8 weeks of thera-
py is an indicator of sensitivity to treatment and is
associated with a high frequency of liver resections
and an increase in overall patient survival [11, 27].

The volume of surgical intervention

on the liver for CRC metastases

The question of an adequate amount of liver sur-
gery for CRC metastases is a matter of debate. An-
atomical and atypical resections are possible here.
Previously, the advantage was given to extensive
liver resections with a large margin from the edge of
metastasis due to the better results of extensive in-
terventions. However, the era of highly effective drug
therapy has made it possible to equalize the survival
of patients with anatomical and non-anatomical liver
resections for CRC metastases [28].

In 2019, a meta-analysis of 18 studies was
published, including 7,081 patients, comparing
parenchymal-preserving and extensive liver re-
sections [29]. It turned out that the overall and re-
lapse-free survival in these groups of patients was
comparable, which allowed the authors to conclude
that parenchymal-preserving surgery is an adequate
method of treating metastatic CRC. Parenchymal-
preserving and anatomical liver resections for me-
tastases were compared with the same results in
12 studies involving 2505 patients [30].

Currently, the attitude towards the negative edge
of liver resection has also changed. Thus, Koku-
do N. [31] found CRC micrometastases in the liver
parenchyma in only 2 % of patients within 5 mm or
more of the macroscopic border of the tumor. Fur-
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ther studies have shown that there is no significant
difference in patient survival when the distance from
the resection line is less than and more than 1 cm.
Even a clearance of 1 mm did not increase the time
before the recurrence of liver metastasis, and the
5-year overall survival rate was 33 % [31]. In addition,
with modern chemotherapy, even R1 resection has
no prognostic value for patient survival [32].

Parenchymal-preserving liver resections have also
opened up wide opportunities for the successful
application of laparoscopic techniques in CRC me-
tastases [33—-35].

Repeated liver resections for metastatic CRC

The point of preserving the liver parenchyma is
not only the possibility of chemotherapy, but also
repeated liver resections in the event of new metas-
tases. The expediency of repeated liver resections
has been proven in studies, in particular, in the work
of Schmidt T. [36], in which, when analyzing the data
of 578 patients, it was found that without repeated
liver resections with recurrence of metastatic lesion,
the 5-year overall survival was 36.7 %, with repeated
liver resections — 56.6 %, with resections for the third
time — 53.2 %.

At the same time, the established prognostic fac-
tors for repeated resections are not applicable, only
the pT stage of the primary tumor and the metachro-
nism of the lesion are important [37]. A meta-anal-
ysis of 7,200 patients from 27 studies showed that
repeated operations benefit patients with a long re-
lapse-free period with solitary, small, unilobar lesion
and absence of extrahepatic metastases [36]. There-
fore, patients for repeated liver resections should be
carefully selected.

In cases of impossibility of resection or RTT of
metastatic liver damage, it is possible to use other
methods of local exposure such as regional intraar-
terial chemoinfusion, embolization therapy, which
allow achieving a median overall survival of 45.6
months compared with 40.5 months with systemic
therapy alone [38].

Metastatic lung and ovarian lesions in CRC

Metastatic lung disease is the second favorite lo-
calization of distant CRC metastasis. The importance
of active surgical tactics in this case was demon-
strated in a study by Onaitis M. W. et al. [39], in which
thoracic intervention made it possible to achieve 28 %
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3-year recurrence-free and 78 % overall survival when
analyzing data from 378 patients. The factors of neg-
ative prognosis for lung metastases are: a short re-
currence-free interval, metastatic lymph node lesion,
the presence of more than 1 metastatic lesion in the
lungs, high CEA, lung resection R1, large metastases,
liver metastases in the anamnesis [39, 40].

Clinical recommendations for the treatment of
metastatic liver damage in CRC are also applicable
for metastatic lung damage [39]. Combined and se-
guential resections of the liver and lungs are possi-
ble with encouraging results in a selected group of
patients with solitary metastatic lesion [41].

Metastatic ovarian lesions often occur in women,
while they are more often detected with damage to
other organs, a single lesion occurs only in 24 % of
women. The prognosis for ovarian metastases is
worse than in the liver, and the median survival is
only 23 months [42].

The choice of treatment tactics for

metastatic CRC

The ESMO-ASIA 2019 consensus on the treatment
of metastatic CRC summarized current views and
recommended surgical treatment with adjuvant or
perioperative chemotherapy in a resectable process,
and with potentially resectable liver metastases, with
massive prevalence, and an unfavorable prognosis,
to carry out the most active drug therapy taking into
account the mutational status of the tumor in order
to transfer the process to a resectable one [21]. In
case of unresectable CRC, drug therapy lines are
consistently carried out, the choice of which is based
on the goals, type and time of primary therapy, the
mutational profile of the tumor, and the toxicity of the
drugs. Studies have found a correlation between an
increase in the median survival of metastatic CRC
and the use of all three main cytotoxic agents (flu-
orouracil/leucovorin, oxaliplatin, irinotecan) during
therapy [43].

At the same time, many factors should be taken
into account when planning therapy for patients with
metastatic CRC. These are the characteristics of the
tumor itself (biology and localization of the tumor,
tumour burden, RAS mutations, BRAF), the patient
(age, functional state of organs and systems, comor-
bidity, patient attitude, expectations and preferences)
and the treatment itself (toxicity, flexibility of the
treatment program, socio-economic factors, quality
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of life) [21]. That is, a balance is needed between the
risks and benefits of metastatic CRC therapy, and
much attention was paid to this issue at ASCO 2020.

CONCLUSION

Therefore, patients with colorectal cancer with
metastatic liver and/or lung damage should be con-
sidered through the prism of surgical treatment,

MEeTacTaTUyeckoro KoJiopeKTabHoro paka (063op nuTepatypbl)

since it is surgical intervention that can significantly
improve the results of treatment of patients. There-
fore, patients with potentially resectable metastases
should receive the most effective treatment and be
operated on as soon as the process becomes resect-
able. At the same time, modern chemotherapy and
targeted therapy, depending on the mutation status
and localization of the tumor, are an integral part of
the treatment of patients with metastatic CRC.
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Extraneural metastases of a cerebral glioma in a child: case report with
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ABSTRACT

Malignant gliomas make up 25 % of the central nervous system (CNS) tumors in adults and 8-15 % in children. About half of
such gliomas have a median localization and are designated by the term "diffuse midline gliomas" (DMG). DMG in children are
typically localized in the area of the pons; in 78 % of such cases a heterozygous somatic mutation H3K27M is present. The
prognosis of H3K27M-mutant DSG is very unfavorable, with 2-year overall survival rate being less than 10 %. One of the ways of
progression of gliomas leading to the death of patients is the spread of the tumor in the form of metastases. Malignant gliomas
metastasize mainly into various structures of the CNS (according to autopsies — in about 20 % of patients with glioblastomas),
the probability of their metastases to other organs (so-called extraneural metastases), according to some evaluations, is quite
rare and doesn't exceed 2 %. In our practice since 1993, which counts 1700 children with malignant gliomas, including 830
patients with DMG, we've observed only one patient with extraneural metastases. The article describes this case of a child
who died of the progression of the DMG'’s extraneural metastases, despite the fact that chemoradiotherapy had achieved its
stabilization in the CNS. This patient with the initial lesion of the pons and cerebellum had massive metastasis to the lymph
nodes: supraclavicular, mediastinal, retroperitoneal and inguinal ones, as well as to both pleural cavities, which occurred about
one year after treatment of the progression, which had manifested in the form of continued growth of the primary tumor and
its dissemination in the central nervous system. The article provides literature data on the frequency, clinical manifestations
and possible treatment approaches for extraneural metastasis of brain gliomas. Extraneural metastases of those tumors oc-
cur most often to the bones, lymphatic system, lungs, abdominal organs, soft tissues. The effective treatment for extraneural
metastases of gliomas has not been developed yet, which makes it urgent to solve this problem through multicenter studies.
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3.1.6. OHkonoOrmMa, NnyyeBas Tepanus

0b30P

JKcTpaHeBpanbHOE METacTa3MpPOBAHWE TINOMbI TOI0BHOTO MO3ra: ONUCaHME Cyyas y pebeHka
n 0630p nuTepatypbl

0. C. PerentoBa™, P. A. MapxomeHko'?, 0. W. Lepbenko’, ®. ®. AHToHeHKo', H. U. 3enunckasn’, H. Cugunée’, M. B. Monywkux',
A. U. Wesuos’, M. A. bausnuyenko’, B. A. [lesaHosa’, B. A. Conopkuit’

T ®IBY «Poccuiicknii HayYHblii LEHTP peHTreHopaguonoruu» MuHucTepcTBa 3apaBooxpaHeHus Poccuiickonn Gegepaumm, r. Mocksa,
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X olgagraudensh@mail.ru

PE3IOME

TNMOMBI BbICOKOI CTEMEHM 3/10KaYeCTBEHHOCTU CPefiM BCEX ONyXOsel LieHTpasibHoM HepBHoii cuctembl (LIHC) cocTaBnsaoT
00 25 % y B3pocnbix U 8—15 % y aetei. [puMepHO NONOBMHA U3 HUX B AETCKOM BO3pacTe UMEET CPeAUHHYIO oKannsawmto
1 0603HaYaeTcs TepMUHOM «aAnddy3Hble cpefuHHble rMoMbl» (A,CI). Mpu cpefuHHbIX FMoMax y AETEN, NOKaNU3YHOLMXCS
B 0611aCTM MOCTa, B 78 % clly4yaeB OTMeYaeTcsl reTepo3urotHasl comaTuyeckasa Mytauus H3K27M. MporHos H3K27M-my-
TaHTHOW [CI BecbMa He6naronpusaTHbIN: 2-neTHsAA obLas BbXnBaeMocTb MeHee 10 %. OauH 13 nyTei NporpeccMpoBaHus
rAIMOM, BeAyLLMii K rbenun 601bHOMo — 9TO pacnpocTpaHeHne Onyxonu B BUAE METacTasoB. 3/10Ka4YeCTBEHHbIE MTMOMbI
MeTacTasupytoT, IMaBHbIM 06pa3oM, B pa3finyHble CTPYKTypbl LIHC (Mo AgaHHbIM ayToncuit — npumMepHo y 20 % nauueHToB
C rMmMo6nacToMaMu); BEPOATHOCTb BO3HUKHOBEHMSI UX METACTa30B B APYriX opraHax (Tak HasblBaeMblX, 9KCTPaHeBpasibHbIX
METacTas0B), N0 HEKOTOPbIM OLieHKaM, BeCbMa Mana — He 6osiee 2 %. B Hallel npakTuke, HacuuTbiBatowwein 1700 getei co
3/10Ka4eCcTBeHHbIMM rIMoMamu, Bkatoyas 830 nauueHTos ¢ [CI (NponeyeHHbIx 3a nepuog ¢ 1993 roga), Ham BCTpeTUncs
NULWb OfAMH G6ONIbHON C 3KCTpaHeBpanbHbIMU MeTacTa3amu. B HacTosLen cTaTbe Mbl ONMUCbIBAEM 3TOT Clyyaii: pebeHoK
yMep OT NMPOrpeccupoBaHmns aKCTpaHeBpasbHbIx MeTacTasos [1CI, HeCMOTPSA Ha TO YTO MPU XMMMNONYYEBOM NEYeHUN YAaNIoCh
[OCTWYb ee cTabunusauum B LIHC. Y 3Toro 60/16HOro ¢ UCX0AHbIM NOPaXXeHWeM MOCTa rofIOBHOMO MO3ra U MO3XXeyka UMeno
MEeCTO MacCMpoBaHHOe MeTacTa3upoBaHue B nuMdaTyeckme yasbl: HaAKIUYNYHbIe, MEANACTUHANbHbIE, 3a6PIOLLIMHHbIE,
naxoBble, a Tak)Ke B 06e nneBpasibHble NONO0CTH, KOTOPOE NPOU3OLLO MPUMEPHO Yepes rof Nocse IeYeHns NporpeccupoBa-
HWSA, NPOABNSABLLEroca B BMAEe NMPOAOSIXEHHOIo pocTa NepBMUYHOI onyxonu u ee guccemunHaumm B LIHC. B ctaTbe npusoaaTcs
AaHHble NUTepaTypbl O YaCTOTe, KIMHNYECKUX MPOABNEHNAX N BO3MOXHbIX MOAXOAAX K JIEYEHUIO NPy 9KCTpaHeBpaibHOM
MeTacTasMpoBaHUK FMIMOM FOJIOBHOrO Mo3ra. Yalle Bcero HabntogaeTca 9KCTpaHeBpasibHOe MeTacTasnupoBaHue aTux
onyxonen B KOCTH, IMMdaTUYECKYO CUCTEMY, JIETKWUE, OPraHbl GPIOLLHON NONOCTU, MATKNE TKaHWU. PHEeKTUBHOIO NleveHns
Npy BO3HUKHOBEHUW 3KCTPaHeBpasibHbIX METACTa30B MNOM He pa3paboTaHo, YTO feNlaeT akTyallbHbIM peLleHne 3Town
npo6nemMbl NyTeM MHOIOLIEHTPOBbIX UCCIeA0BaHUN.

KnioueBble cnoBa: 3/1l0kayeCTBEHHas rIMomMa, roflIoBHOM MO3T, 9KCTpaHeBpasibHble MeTacTasbl, JlydeBasa Tepanus,
XUMunoTepanua
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(BbINKCKa 13 npoTokona 3acefanns N2 2 ot 09.12.2022 r.). UHbopMUpOBaHHOE cornacue NosyyeHo oT BCEX yYaCTHUKOB UCCNEeA0BaHMS

(DMHaHCMpOBaHI/IeZ dJI/IHaHCI/IpOBaHI/Ie DaHHoi paﬁOTbI He NpoBoAunnoCb

KOHbeIVIKT WHTEpPEeCcoB: BCe aBTOPbI 3aABNAIOT 06 OTCYTCTBUM AABHbIX N NOTEHLMANbHbIX KOHdJJ'II/IKTOB WHTEPeCcOoB, CBA3AHHbIX C I'Iy6}'IVIKaIJ.VIEI7I HacTosleil cTaTbi

CraTbsi noctynuna B peaakumto 24.07.2024; opobpeHa nocne peueHsnpoBaxus 15.08.2024; npuHsTa K ny6nukaumuu 25.08.2024
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INTRODUCTION

Malignant gliomas are one of the most complex
and aggressive forms of neuro-oncological diseases.
Gliomas of a high grade of malignancy among all
tumors of the central nervous system (CNS) account
for up to 25 % in adults and 8-15 % in children. About
half of them in childhood have a median localization
and are designated by the term "diffuse midline glio-
mas" (DMG). In midline gliomas in children localized
in the pontin area, a heterozygous somatic mutation
H3K27M is noted in 78 % of cases. The prognosis of
H3K27M-mutant DMG is very unfavorable, with 2-year
overall survival rate being less than 10 % [1-5].

One of the ways of progression of gliomas leading
to the death of the patient is the metastatic spread
of the tumor. Malignant gliomas metastasize mainly
into various structures of the central nervous sys-
tem (in about 20 % of patients with glioblastomas
according to autopsies), the probability of their me-
tastases in other organs (so-called extraneural me-
tastases), according to some estimates, is very small
and doesn't exceed 2 % [6, 7]. Extraneural metasta-
sis, although a rare phenomenon in diffuse midline
gliomas, is of critical importance in the context of
prognosis and further patient management tactics,
since it can significantly worsen the quality of life
and reduce survival rate. The presented clinical case
highlights the need for a multidisciplinary approach
to the diagnosis and treatment of this pathology,
as well as makes the questions about the molecu-
lar genetic mechanisms underlying the extraneural
spread of the tumor crucial. A review of the available
literature reflects current trends in research in this
field. When compiling the review, we used Scopus,
MEDLINE, and Web of Science databases.

The study purpose was to describe the case of ex-
traneural metastases of malignant glioma in a child
and compare it with the literature data, which will
allow us to outline the directions of further research
on this problem.

CASE REPORT

Patient N., 3.5 year old boy, began to have clubfoot
and developed wide base gait in 2021. He was con-
sulted by an orthopedist. The diagnosis was made:
flat-valgus deformity of the feet. During the following
month, there was a deterioration in gait in the form
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of an increase in shakiness, he began to limp on his
left leg, began to stumble, and the motor skills of his
left hand deteriorated.

From the anamnesis of life: a child from IVF preg-
nancy, which proceeded without any abnormalities.
The delivery was urgent at 38 weeks. He was ob-
served by a neurologist for perinatal central nervous
system damage, myotonic syndrome. Prior to the
present disease, he suffered from acute respiratory
viral infections, right-sided purulent otitis media.

An MRI of the brain was performed on
08/03/2021: in the area of the Varolian bridge (main-
ly in its left half) with extension to the left pedicle
and hemisphere of the cerebellum, an extensive
zone of diffuse signal change was visualized, hy-
perintensive on T2, FLAIR, iso-hypointensive on T1,
with linear restriction of diffusion along the periphery,
without contrast enhancement, with the presence
in the hemisphere cerebellar areas of cystic trans-
formation. The bridge of the brain, the pedicle and
the hemisphere of the cerebellum were enlarged in
volume, with compression and displacement of the
IV ventricle laterally to the right, displacement of the
left amygdala of the cerebellum caudal to the level of
the foramen magnum, displacement of the medulla
oblongata ventrally; along the anterior surface of the
bridge was an exophytic component with compres-
sion of the prepontine cistern, fouling of the main
artery. Conclusion: the picture of a diffuse lesion of
the brain stem, the left hemisphere of the cerebellum,
which may correspond to a diffusely growing glial tu-
mor (fibrillar astrocytoma? anaplastic astrocytoma?),
with signs of mass effect, descending axial wedging,
occlusive internal hydrocephalus.

Neurological status on 08/04/2021: one-time vomit-
ing occured, meningeal symptoms were negative, pupils,
eye slits were symmetrical, there was no violation of
the volume of movement and position of the eyeballs,
deviations of the head and tongue, phonation and swal-
lowing disorders; there was horizontal fine nystagmus
when looking to the sides; tendon reflexes D < S, left
Achilles reflex with clonus; superficial and deep muscle
sensitivity was preserved; gait was atactic, with a wide
base of support; the finger-nasal test with pronounced
intention; in the Romberg pose was unstable, fell.

Ultrasound of the abdominal cavity and kidneys
on 08/04/2021: no pathological signs were detected.

Chest X-ray (in the posterior direct projection, lying
position) on 08/04/2021: reduction of pneumatiza-
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tion with increased pulmonary pattern in the projec-
tion of the medio-basal sections of both pulmonary
fields was noted. Conclusion: hypostatic changes
in the lungs.

He started on decongestant therapy with dexameth-
asone on 08/04/2021. During the treatment of the
treatment, the general cerebral symptoms regressed,
and status-coordination disorders persisted. MRI of
the brain and spinal cord (native and with contrast
enhancement) 08/12/2021: in addition to the MRI data
from 08/03/2021, there were no signs of metastasis in
the structures of the central nervous system.

The patient's mother refused the stereotactic
biopsy or partial removal of the tumor offered by
the neurosurgeon. Consultation by a radiologist re-
vealed: considering the anamnesis data, MRI signs,
the patient's age, the unresectable nature of the
tumor, conformal radiation therapy was indicated.
Surgical intervention was performed in the volume
of installation of a ventricular-peritoneal shunt (VPS)
on 09/06/2021. From 09/08/2021 to 10/18/2021, he
received a course of radiation therapy to the area of
the initial lesion in hyperfractionation mode (single
focal dose of 1 Gy 2 times a day with an interval
between fractions of 4 hours, 5 days a week), to-
tal dose of 54 Gy. Since November 2021, he has
been under dynamic observation. PET/CT scan of
the brain on 11/29/2021 revealed: the PET picture,
together with the MRI results, corresponded to the
features of diffuse glioma of the brain stem and left
hemisphere of the cerebellum with low amino acid
uptake (without PET signs of anaplasia). At the end
of April 2022, after acute respiratory viral infection,
bilateral purulent otitis media and sinus thrombosis
developed.

30.05.2022 MRI of the central nervous system
(native and with contrast enhancement): the picture
of multidirectional dynamics was noted: stabiliza-
tion of tumor growth of the brain stem and the left
hemisphere of the cerebellum, negative dynamics in
the form of metastatic lesions along the ventricular
system and spinal cord.

Surgery was performed on 06/17/2022 with a VPS
revision. A stereotactic biopsy of a tumor of the lat-
eral ventricle was performed on 06/24/2022. His-
tological and immunohistochemical examination
on 06/24/2022 showed: tumor cells express GFAR,
OLIG2, vimentin, focally S100. There was a reaction
with anti-NF in numerous axons, which indicated
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a diffuse type of tumor growth. Single cells were
weakly positive with anti-p53. CD34 expression was
only in the vascular endothelium. The proliferative
index of Ki-67 reached 60-70 %, focally higher.

From 07/08/2022 to 08/16/2022, radiation ther-
apy was performed in the volume of craniospinal
irradiation, single radiation dose of 1.6 Gy, total dose
of 35.2 G. From 08/08/2022 to 08/10/2022, total
dose was increased to 40.0 Gy for the entire vol-
ume of the spinal cord, in parallel from 08/08/2022
to 08/16/2022, a boost was performed on the area
of the ventricles of the brain, single radiation dose
of 1.8 G, total dose of 46 Gy. Simultaneously with
the course of radiation, he received chemotherapy
with temozolomide 75 mg/m? daily as monotherapy.

A molecular study under the One Foundaion pro-
gram revealed amplifications: PDGFRA, MDM4, PIK-
3C2B, as well as ATM — R3008C. Considering the
revealed amplification of PDGFRA, the patient was
offered imatinib therapy, which was not carried out
for organizational reasons. According to the control
MRI data, there was a positive dynamics of tumor foci
in the central nervous system, with further stabiliza-
tion. From September 2022 to June 2023, 8 courses
of temozolomide monotherapy were performed. After
that, treatment was interrupted due to the develop-
ment of an acute respiratory viral infection.

Since mid-July 2023, the mother began to notice
that the child was limping on his left leg. CT scans
of the organs of the thoracic cavity, abdominal cavity
and pelvis (native and with contrast enhancement)
revealed conglomerates of lymph nodes of the su-
praclavicular, subclavian region on the right, anterior
thoracic wall, paraaortic group at the infrarenal level
with spread to the inguinal canal on the left; mas-
sive right-sided pleural effusion; left-sided pleural
effusion; pyelocalicectasia on the left, decreased
function of the left kidneys. Considering the obtained
data, the presence of a systemic disease, lympho-
ma, was suspected at this point. MRI of the central
nervous system showed stabilization of the size of
tumor foci compared to previous studies.

In August 2023, the child underwent a pleural
puncture, as well as a puncture biopsy of the bone
marrow with its morphological examination and im-
munophenotyping: data for systemic blood disease
were not received. A tumor population of cells was
detected in the pleural fluid, which, according to
immunophenotyping data, did not express mark-
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ers specific to lymphoproliferative diseases. On
08/21/2023, a biopsy of the inguinal lymph node
was performed, its histological examination from
09/01/2023 revealed signs of a malignant tumor
with a glial phenotype. Conclusion: extraneural me-
tastasis of the primary tumor of the central nervous
system could not be excluded. Protocol of immuno-
histochemical examination dated 09/01/2023 of in-
guinal lymph node tissues: neoplastic cells diffusely
expressed OLIG2, H2K27me3, CD56, SOX-10, INI1.
Subtotal expression of NKX2.2, GFAP, vimenin was
detected. Weak focal expression of NSE, FLI1, S100,
cyclin D1. Tumor cells were negative in reactions
with antibodies to panCK, EMA, TLE1, WT1, SMA,
mean-A, BCOR, ERG, synapophysin, myogenin, p53,
chromogranin A, TdT, desmin, CD20, CD3, CD99,
MSA. Protocol of molecular genetic research dated
09/01/2023: during the FISH study, no amplification
of the N-MYC gene, deletion of the SRD (1p36) gene,
deletion of the KMT2A (MLL) gene, rearrangements
of the FOXR2 gene, translocation of the EWSR1 gene
were found.

Palliative irradiation of tumor conglomerates in
areas of extraneural metastases was proposed, but
the patient did not come for this treatment. He died
on 01/11/2024 on the background of the progression
of extraneural metastases.

DISCUSSION AND LITERATURE REVIEW

The patient case reported above with an initial
lesion of the pons and cerebellum (DMG) had mas-
sive metastases to the lymph nodes: supraclavic-
ular, mediastinal, retroperitoneal, inguinal, as well
as to both pleural cavities, which occurred about
one year after treatment of progression, which had
manifested in the form of continued growth of the
primary tumor and its dissemination in the central
nervous system. It is not surprising that before bi-
opsy and molecular genetic studies, the develop-
ment of a second tumor, including lymphoma, was
not ruled out. It is noteworthy that at the stage of
diagnosis of the progression of DMG, a stereotactic
biopsy was performed, which, of course, was nec-
essary to clarify the diagnosis, nevertheless, could
potentially contribute to the spread of the tumor, as
indicated by some publications listed below. At the
initial diagnosis in 2021, before the start the special
treatment, the patient underwent a complete exam-
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ination, including ultrasound of the abdominal cavity,
kidneys, chest X-ray, according to which no signs of
extraneural metastases were detected.

The first extraneural metastasis of glioblastoma
was described by Davis L. back in 1928. He called it
"spongioblastoma.” The primary tumor in the 31-year-
old patient was localized in the left hemisphere of
the brain. Histologically confirmed metastases de-
veloped in the soft tissues of the upper limb and in
the scapular region on the right, as well as in the left
lung; they appeared approximately 5.5 months after
partial removal of the primary tumor [8].

Pietschmann S et al. (2015) analyzed 109 arti-
cles and abstracts published in English or German
for the period from 1928 to 2013 (85 years), which
reported a total of 150 patients with extraneural
metastases of malignant gliomas of the brain. It is
noteworthy that more than half of the publications
they analyzed (describing 95 cases) were made af-
ter 1993. The age of patients at the initial diagnosis
ranged from 4 to 83 years (median 42 years). There
were only four children (under the age of 18) in this
combined cohort. The majority of patients had
a pathomorphological diagnosis of glioblastoma
(137, that is, 91.3 %), the remaining 13 (8.7 %) had
gliosarcoma. The time from the initial diagnosis to
the detection of extraneural metastases from these
publications was accurately determined for 71 pa-
tients. Of these, 7 (that is, one in ten) had a primary
tumor and metastases diagnosed simultaneous-
ly. Taking into account these patients, the period
from the diagnosis of glioblastoma or gliosarcoma
to the detection of metastases ranged from 0 to
81 months (median 9 months). The localization
of metastases was diverse: in 52 cases they de-
veloped in the organs of the chest (including in 45
patients — in the lungs), in 31 cases in the organs
of the abdominal cavity and retroperitoneal space
(including in 23 patients — in the liver). In addition,
metastases to bone or bone marrow were described
in 53 patients, to lymph nodes in 51, to muscles and
other soft tissues in 35, to skin in 11, to thyroid and
parathyroid glands in 6, to other organs (including
eyes and mammary glands) in 4. A significant pro-
portion patients had several localizations of metas-
tases. In the publications included in this review [9],
a sufficient description of treatment after detection
of metastases was provided for 60 out of 150 pa-
tients (40 %), in the rest, treatment was either not
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reported or it did not include antitumor methods.
Twenty-nine patients after the detection of metas-
tases were treated with any one antitumor method:
17 of them underwent surgery, 4 had radiation and
8 had chemotherapy. In 31 patients in such a situ-
ation, various combinations of these methods were
used, most often: chemotherapy + radiotherapy
(in 15) and surgery + chemotherapy + radiotherapy
(in 10). In this review [9], it was noted that extraneu-
ral metastases of malignant glial tumors are more
often found in relatively young people, which can
serve as one of the arguments for the use of active
antitumor treatment in them. However, the authors
did not reveal a clear increase in survival with such
treatment tactics. Overall survival in extraneural
metastases was slightly better than survival in CNS
metastases, although this difference did not reach
the confidence limit. The authors were unable to
formulate any specific recommendations for the
treatment of patients with extraneural metastases
of malignant glial tumors, since in the combined co-
hort analyzed by them, treatment was very diverse
and selected individually [9].

Of high interest is the work of De Martino L. et al,
2023 [10], which describes the authors' own obser-
vation of two children with extraneural metastases of
diffuse midline gliomas. In one of them, an 11-year-
old boy, diffuse midline bridge glioma was confirmed
by stereotactic biopsy. Loss of H3K27me3 and ex-
pression of a protein associated with H3K27M mu-
tation were detected in tumor cells. At the first stage
of treatment, the patient underwent induction chemo-
therapy with vinorelbine and nimotuzumab, followed
by irradiation of the tumor zone in the mode of con-
ventional fractionation, total dose 54 Gy (according
to the VMAT method). 5 months after diagnosis, CT
and MRI scans revealed extensive metastasis to the
soft meninges of the brain and spinal cord, as well
as extraneural metastases: in the sternum, vertebrae
and pelvic bones. Bone metastases were confirmed
by examining a biopsy of the left iliac bone. He died
a month later. The second patient, a girl of the same
age, was diagnosed with median glioma in the region
of the IV ventricle with the H3K27M mutation. Total
resection of the tumor was performed, the diagnosis
was confirmed on the basis of histological and mo-
lecular genetic examination of its tissue. As in the
first patient, after chemotherapy with vinorelbine and
nimotuzumab, she underwent local radiation ther-
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apy (total dose 54 Gy, VMAT technique). However,
3 months after the end of the course of treatment,
she was diagnosed with progression in the area of
the original tumor, as well as in the ependyma of
the ventricles of the brain and its soft membranes.
Craniospinal irradiation (CSI) was performed in the
mode of classical fractionation, total dose 36 Gy,
followed by 15-month chemotherapy with irinote-
can and bevacizumab. After completion of CSR,
according to MRI data, a partial response of tumor
foci in the brain was detected, however, signs of me-
tastases in the vertebrae appeared. CT scan of the
whole body made it possible to detect osteoscle-
rotic foci not only in the spine, but also in the ribs,
sternum, pelvic bones, in both shoulder and femur
bones. PET/CT with '®F-FDG revealed foci of mod-
erate hyperfixation in the bones, however, repeated
biopsies of these foci did not reveal metastases.
Subsequently, she developed a lesion of a large num-
ber of intra-thoracic and abdominal lymph nodes, as
well as pleural effusion, the study of which by drip
digital polymerase chain reaction revealed a muta-
tion H3.3A (c.83A>T, p.K28M), although cytological
examination of pleural effusion of tumor cells did not
detect. The patient died 2 years after the diagnosis of
median glioma, that is, 3 months after the detection
of pleural effusion. The authors of the description
of these two patients, while studying the medical
literature, found publications about 12 similar pa-
tients: their age ranged from 4 to 36 years, the local-
ization of extraneural relapses was diverse: bones,
lymph nodes, lungs, pleural cavity, liver, peritoneum,
muscles. One of these patients had abdominal me-
tastasis due to the spread of tumor cells along the
ventriculo-peritoneal shunt [11]. It is noteworthy that
the descriptions of 12 cases collected in the men-
tioned review by De Martino L et al. (2023), were
published no earlier than 2014, that is, starting from
the time when the concept of "diffuse midline glio-
ma" was formed. The authors of this review express
concern that, probably, the frequency of ectraneural
metastases in patients with diffuse midline gliomas
is underestimated, since they are not routinely exam-
ined to identify such metastases. The article points
to the possibility of increasing the risk of extraneural
metastases in connection with surgical interventions
on primary tumors. The following expressed in the
article may explain why extraneural metastases are
rare in malignant gliomas. Probably, outside the
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central nervous system, glioma cells are most often
destroyed by the immune system, and in the brain
these cells are protected, being in a microenviron-
ment favorable them. This hypothesis is confirmed
by descriptions of cases of extraneural glioblastoma
metastases in patients who had previously under-
gone organ transplantation [12, 13].

The literature review made in the mentioned ar-
ticle by De Martino L et al. [10], did not include the
work of Chinese researchers Ge X et al [5], which de-
scribes the development of extraneural metastases
of diffuse median glioma of the brain stem region in
a 9-year-old boy. His primary tumor was diagnosed
based on CNS MRI data followed by stereotactic
biopsy. The histological picture corresponded to
anaplastic astrocytic glioma (grade IV malignancy
according to World Health Organization (WHO)),
immunohistochemical examination revealed a pro-
tein formed by the H3K27M mutation. Initially, there
was no dissemination in the brain and spinal cord.
Due to hydrocephalus, ventriculo-peritoneal bypass
surgery was performed. The patient underwent local
irradiation of the tumor area, total dose 50 Gy for
25 fractions with simultaneous of chemotherapy
with temozolomide at a daily dose of 75 mg/mg?2.
A month after the end of irradiation, MRI showed
a slight decrease in tumor volume. The patient re-
ceived adjuvant chemotherapy with temozolomide:
5 cycles of 5 days, every 28 days, the daily dose of
this drug was 150 mg/mg? in the first cycle, 200
mg/m? in all subsequent cycles. 2 months after
the end of chemotherapy, the patient complained
of lowering of the right corner of the mouth, as
well as back and lumbar pain. MRI revealed the
progression of the primary tumor, dissemination
in the spinal cord and along the soft meninges, as
well as foci of destruction of the lumbar and sacral
vertebrae with pathological contrast enhancement.
PET-CT revealed a diffuse increase in metabolism
in the cervical, thoracic and lumbosacral spine. The
patient soon developed neck pain and urinary re-
tention. Despite an attempt at chemotherapy (one
cycle with vincristine and cyclophosphamide), no
improvement was achieved, and the patient died
1 month after the detection of tumor metastases.

The authors of all the above publications empha-
size that effective treatment programs for patients
with extraneural metastases of malignant gliomas
of the central nervous system have not yet been de-
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veloped. This is due to both the relative rarity of such
cases and their severity. Therefore, at least isolated
reports that indicate the possibility of prolonging the
life of such patients are so valuable.

As an example of such an observation, one can cite
the description of the case made by Yang G et al [14].
Initially, an MRI scan revealed a tumor lesion of the
right temporal and occipital lobes in the form of sever-
al nodes in a 58-year-old man. In the tissue of a totally
removed tumor, histological examination revealed
signs of glioblastoma with areas of oligodendrogli-
oma. After the combined treatment (surgery, local
radiation therapy, total dose 60 Gy in conventional
fractions and chemotherapy with temozlolomide), no
tumor remnants were observed according to MRI.
However, six months after the end of treatment, a lo-
cal relapse was detected, repeated radiation therapy
was performed to its area, total dose 30 Gy in five
fractions and several cycles of bevacizumab. It was
possible to achieve a partial response and an improve-
ment in the quality of life. However, after 2 years, while
there was stabilization of tumor foci in the brain, mul-
tiple histologically confirmed metastases were found
in the right lung, and then in the bones. Since PD-L1
expression was detected in lung metastasis tissue,
and a slight increase in lung foci was noted during
treatment with bevacizumab and temozolomide, it
was decided to add pembrolizumab to the treatment.
5 cycles were performed with this drug. As a result,
a partial response was noted in the lung, with a stable
state of tumor tissue in the brain. Temozolomide was
discontinued due to fatigue syndrome and lack of
methylation of the MGMT promoter in tumor tissue;
treatment with bevacizumab and pembrolizumab con-
tinued. However, after a few months, bone metastases
developed, but the patient continued to receive the
same treatment due to the lack of any alternatives
at the disposal of his doctors. The progression of
metastases continued. However, the authors believe
that these drugs allowed to slow down this process.
As a result, the patient lived quite a long time after
the diagnosis of pulmonary metastases: 27 months,
while in a series of patients with glioblastoma ex-
traneural metastases published by Noch EK et al [15],
the average life expectancy after their detection was
5 months (from 1 to 16 months), it is noteworthy that
pembrolizumab was not used in them.

Undabeitia J et al [16] describe a case of ex-
traneural glioblastoma metastases in a 20-year-old
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patient. The primary tumor was localized in the right
temporal region of the brain; its total removal was
performed, followed by chemoradiotherapy. Metas-
tases to both lungs and pleural cavities, as well as
to the pancreas and vertebrae, occurred 5 months
after surgery. Lung metastases were in the form of
infiltrations, and they were confirmed by biopsy. Che-
motherapy with irinotecan and bevacizumab was
attempted, but the patient died.

In the case report by Kim A. V. et al. a 16-year-old
patient is described, whose glioblastoma was ini-
tially localized in the left parietal lobe of the brain. 6
months after the operation, supplemented by local
radiation and chemotherapy, it metastasized to the
V cervical vertebra, which was confirmed by histo-
logical and immunohistochemical examination of
the tissue of this vertebra [17].

Razmologova O. Yu. and Sokolova T. V. reported
a case of glioblastoma metastases in the lungs at
autopsy in a 64-year-old patient who died shortly
after surgery on glioblastoma of the left parietal lobe
of the brain. These metastases were confirmed by
immunohistochemical method with determination
of glial fibrillary acid protein expression [18]. A sim-
ilar patient was described by Zhetpisbaev B. and
Isakhanova B.: a 53-year-old man underwent partial
removal of a tumor from the temporal lobe of the
right hemisphere, in the postoperative period there
was a deterioration in the condition in the form of
depression of consciousness, unstable hemodynam-
ics, the patient died. Histological examination of the
removed tumor tissue revealed glioblastoma. While
examining the left lung, a tumor focus was acciden-
tally discovered, which, according to histological and
immunohistochemical studies, corresponded to glio-
blastoma metastasis [19].

The information we have provided on the problem
of extraneural metastases of brain gliomas is based
on two major reviews [9 and 10] and descriptions of
individual cases that were not included in them. In

the last 20-30 years, there has been an increasing
trend in the number of such publications. This can be
explained by the improvement of various components
of neuro-oncology, especially pathomorphology and
diagnostic radiology. In addition, the development
of surgical techniques, radiation therapy and drug
treatment gives patients a chance to prolong their
life span, during which such metastases can mani-
fest. Despite the relative rarity of the occurrence of
extraneural metastases in patients with malignant gli-
omas, there is still reason to believe that evaluations
of their frequency are underestimated. Apparently,
they remain unrecognized in many patients during
tumor progression in the central nervous system, nev-
ertheless, exacerbating the severity of the disease.
The validity of this assumption is confirmed by the
cases of occult metastases in the lungs [18 and 19].

CONCLUSION

In summary, extraneural metastases of malignant
gliomas of the brain are rare, but their probability
should be taken into account both when making
an initial diagnosis and during subsequent control
examinations, especially in patients who have un-
dergone various surgical interventions on tumors or
bypass operations. Despite the steadily increasing
number of publications on this topic, there is still no
accurate information about the frequency of such
metastases, about the optimal ways of their early
diagnosis, and effective therapeutic tactics have
not been developed in case of their occurrence. In
addition, the reason for the rarity of extraneural me-
tastases in CNS tumors is not clear; a meticulous
study of this issue could shed light on aspects of
the pathogenesis of these tumors, and therefore
open up new directions for their therapy. To solve
these problems, multicenter studies involving the
efforts of the leading neuro-oncological clinics are
highly needed.
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