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ABSTRACT

In solid malignant tumors, as well as in hematological tumors, cancer stem cells (CSCs), quiescent,
pluripotent, self-renewing neoplastic, also known as tumor initiating cells, have been identified. CSC tumors
are resistant not only to chemotherapy, but also to radiation therapy, as well as they play their role in the
occurrence of relapses after surgical treatment, An unfavorable prognosis due to an aggressive course and
complications after treatment of the most common primary brain tumor - glioblastoma multiforme (GBM), is
also associated with CSC.

One of the mechanisms that affect the physiological regeneration of tissues, but do not work under
conditions of malignancy, is the environment and composition of the cellular tumor ensemble, represented
by the phenotypes of cellular and adaptive immunity. Using immunohistochemical phenotyping methods, the
authors identified immunocytes/phagocytes and established the features of their localization in the
malignant tissue and at the border around the tumor. It was concluded that due to apoptosis around the
tumor, intercellular signaling and migration of immunocytes/phagocytes to the focus of the tumor process
are disrupted. The primary tumor process is not associated with damage to the tissue cambium genome,
but with the migration of immature stem cells of the hematogenous pool, capable of proliferating and
partially entering into incomplete differentiation under conditions of hypoxia and the absence of blood
vessels. At the second stage, connective tissue is formed, which grows into vessels, the wall of which is
represented by immature endothelium, with impaired transport function. According to the authors,
metastasis of cancer cells does not occur by hematogenous and lymphogenous pathways, but is associated
with the development of additional foci of hematopoiesis as a result of the adaptation of the human body to
the loss of stem and semi-stem cells, precursors for normal regeneration of the nervous tissue.

Keywords: brain cancer; endothelial cells; cancer stem cells; glioblastoma; glioma stem cells, glioma
cellular phenotypes; functional analysis; tumor resection.

RELEVANCE

At the present stage, information about the significance of cancer stem cells in the pathogenesis and
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resistance to treatment of glioblastoma is insufficient [1, 2, 3]. We know already there are mechanisms of
induction of disturbances in local differentiation of glioma stem cells (GSCs) associated with the
microenvironment of tumor cell ensembles, the concept of niches, metabolism, impaired antigen
presentation and control of proliferation and cell differentiation of CSCs in the area of malignancy by
immunocytes, damage to the genome and the influence of the epigenome. However, they do not provide an
exhaustive answer about signaling intercellular interactions under physiological regeneration of the nervous
tissue of the brain that affect the differentiation of CSCs, which are a promising target for targeted cancer
treatment [4, 5]. Currently, the question for the strategy of targeted treatment of primary and secondary
glioblastomas, which have different key progenitor cells in their structure targeted with a different response
to therapeutic measures, remains open. According to Sun Q., Chen Y., Liang C., Zhao Y., Lv X., Zou Y., Yan
K., Zheng H., Liang D., Li Z.C. (2021) the biological significance of prognostic tumor phenotypes remains
poorly understood, which affects the choice of pathogenetically based and dosed treatment [6].

Despite the histological external identity, primary and secondary glioblastomas differ in genetic and
epigenetic profiles, since the latter are identified by IDH1 mutations, and indicates the origin of the tumor
from the precursors of nerve cells, in contrast to the primary ones, which are of glial origin and are
characterized by a higher degree of malignancy. There is no solution to the issue of resistance of tumor cells
to anticancer treatment [7]. Considering the role of chemokines and cytokines in intercellular interactions in
the tumor structure with suppression of the adaptive immune response, inhibition of the immune response
aimed at regulating cell differentiation and tumor involution, there is an urgent need to study the spectrum
of cellular ensembles of immunocytes/phagocytes, proliferating, apoptotic and differentiating cells in the
tumor structure. and in her environment. The controversial ideas of the existing concepts of carcinogenesis,
the lack of comprehensive data on cellular phenotypes in brain tumors determined the direction of our
research.

The aim of our work was to study cellular phenotypes of brain tumors in patients of Primorsky Krai
(Russia) operated on for primary, secondary and recurrent tumors.

MATERIAL AND RESEARCH METHODS

The research obtained permission of the Ethical Committee of School of Biomedicine (Far Eastern Federal
University, Vladivostok, Russia), in accordance with the Declaration of Helsinki 2000 and additions of 2013.
Based on clinical indications and with the informed consent of patients, biopsy specimens of primary and
recurrent brain tumors were taken. The patients were distributed by age, sex, tumor localization, number of
samples taken (Table 1).

Table 1. Distribution of material by age, sex, tumor localization

Age Floor Biopsy, primary Clinical diagnosis, tumor
No number of L
(years) || (m/f) secondary localization
samples

Volumetric formations of
1 4-10 2/2 14 (4/12) primary the ventricles of the brain
from 2 sides

2 11-15 5/4 15 (8/7) primary Medulloblastoma

3 16-25 4/5 14 (9/5) primary Tumor of the brain

4 26-45 9/1 29(18/11) secondary Tumor of the brain

5 46-60 7/3 16 (719) Secondary Tumor of the brain, spinal
relapse cord tumor

6 | 61-68 | 2/3 | 18(11/7) | >Secondary, frontal lobe tumor
relapse

Total 47 (29/18) 92 (53/39)

* Note. Absolute numbers used

Using immunohistochemical methods, we analyzed the material of 92 biopsies of brain tumors of patients
aged 4 to 68 years. The biopsies were obtained from 47 patients who underwent brain tumor surgeries for
glioblastomas of different locations in the Department of Neurosurgery of our Medical Center since January
2015 to June 2021. In accordance with the classical protocols of the supplier of immunohistochemical
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reagents for light microscopy Dako, the activity of the Ki67, p53 and p63 genes was studied to identify the
ratio of the level of proliferation and apoptosis of structural elements in the malignant nervous tissue, and
the phenotypes of immunocytes/phagocytes CD4, CD8, CD68, CD163 in brain tumors and their
environment. The analysis of the results was carried out using an Olympus BX51 microscope, illustrations
were obtained using a DP x25 digital camera, statistical processing of the material under study was carried
out using proprietary computer programs from Olympus (Japan).

RESULTS OF THE STUDY AND THEIR DISCUSSION

By detecting the protein of the Ki67 gene, the degree of proliferative activity of tumor cells was established.
A conclusion was made about the correspondence and general patterns of malignancy of the nervous tissue
in comparison with other tissues. Apoptosis of nerve cells and neuroglia was noted against the background
of proliferation of malignant cells. The resulting archive of material showed age-related dynamics and
features of oncological pathology of the brain in patients of Primorsky region. We noted that the tumors
were characterized by both abundant blood supply and were weakly vascularized, could have clear
boundaries and show signs of invasive growth. The pathomorphological picture of most neoplasms
corresponded to gliomas, which is within the framework of the global statistics of brain tumors. In children,
gliomas were localized mainly in the cerebellum, III and IV ventricles, in adults, mainly in the frontal and
parietal lobes. In the subventricular layer of the third ventricle, small nodules corresponding to
microastrocytomas and large nodules such as fibrillar astrocytomas were found. The cells formed as a result
of proliferation migrated to the periphery of the nodule, which is typical for the patterns of their invasion in
tissue culture. This indicates that they belong to spongioblasts differentiating spongioblasts into astrocytes
in the center of the nodule. We noted the phenomena of a decrease in the neuroglial component in the area
of malignancy and degenerative changes in neurons at the border with the tumor. (Figure 1, 2).
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Figure 1 a, b, c - neurons and neuroglia of the brain. A) the norm b, c) degenerating neurons.
Stained with hematoxylin and eosin. Increase:a) x100; b-c) x400.
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Figure 2. a) neutrophilic macrophage surrounded by neuroglia; b) absence of neurons in the
area at the border of the tumor; c, d) apoptosis in the area of malignancy and in the tissue
surrounding the tumor. Stained with hematoxylin and eosin. Increase: a) x400; b x100; c, d)
x200.

It has been established that the localization of Ki67-positive cells prevails in the structure of the tumor in
comparison with its environment (Figure 3).
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Figure 3 a, b) localization of Ki67 positive cells in the brain tumor structure; c, d) localization of
Ki67-positive cells in the tumor structure and at the border with the tumor.
Immunohistochemistry for the detection of Ki67-positive cells. Increase: a, b) x400; c, d)
x100.

The invasion of tumor cells outside the malignancy zone may be associated with an increase in the Virchow-
Robin spaces around the vessels at the borders with the tumor (Figure 4)

Figure 4 a, b) The blood supply to the brain is normal. C-f) Enlargement of Virchow-Robin
spaces in the area at the border with the tumor. Stained with hematoxylin and eosin. Increase
x200.

In 3 cases, multiple gliomas were observed, which, according to I.T. Niculescu (1968), may be the result of
dissemination with the help of cerebrospinal fluid or have a multifocal origin [8]. We believe that the
multiplicity of detected tumors is a confirming fact of the malignancy process, as a generalized process, and
not a local one. It is generally accepted that the lack of activity of P53, a proapoptotic factor, leads to
malignancy of any tissue. According to our data, as in other tissues, apoptosis in the brain precedes
carcinogenesis. In the studied samples, cells of the tumor environment exhibit high activity of the p53 gene
(Figure 5).
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Figure 5 a, b) localization of p53-positive cells in the structure of the tumor and at the border
with the tumor. Immunohistochemistry for the detection of p53-positive cells. Increase: a, b)
x100.

We associate this fact with the onset of carcinogenesis. It is the preservation of the cytolemma during
apoptosis that creates the background of an imaginary well-being of the brain tissue with the absence of
inflammatory manifestations and, as a result, inhibition of the recruitment of immunocytes to the start zone
of malignancy. After apoptosis of nervous tissue cells, the migrants that settled in the damaged areas have
a high regenerative potential and have inducible repressive genes, which is especially important for the p53
genes that ensure programmed cell death in case of damage and genomic disorders.

An important component of the proliferative activity of glioblasts and the lack of their differentiation into
specialized cells is the p63 index (Figure 6), as well as their mutual induction with other cells surrounding
the malignant zone, which contributes to the invasive spread of the tumor and resistance to therapy.
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Figure 6 a, b) localization of p63-positive cells in the tumor structure; c) localization of p63-
positive cells in the tumor structure and at the border with the tumor of a 45-year-old patient
in the area ofthe right frontal lobe of the brain. Immunohistochemistry for the detection of
p63-positive cells. Increase: x400;

Glioblastoma cells, being their own cells of the brain tissue, determine the tolerance of innate cellular
immunity to them. In recurrent tumors, an increased content of CD163-positive cells is noted, however,
tumor cells suppress the adaptive immune response, which requires a revision of existing concepts of
malignancy and additions to new strategies aimed at inducing an antitumor response of the immune
system. In the cell ensembles of the tumor and its microenvironment, we identified macrophages/microglia,
CD4+ T-lymphocytes, and neutrophils. an increase in the number of macrophages with a relapse of the
disease, as well as with relapses after radiation therapy. Recently, data have been obtained on the
development of tumors of neural origin in other organs, the nature of which has been proven by
immunohistochemical methods. In our opinion, these data only confirm the generalization of the process of
impaired development and specialization of cells of various differons in any direction. Since the basis of the
tumor contains lymphocytic precursors, the fact of not metastasis, but the colonization of the brain tissue by
tumor cells, both with the help of cerebro-spinal fluid and Virchow-Robin spaces, is easily explained. This is
confirmed by the fact that systemic carcinogenesis is similar to neurofibromatosis and develops with the
simultaneous growth of multiple tumors. The microenvironment produces signals that determine the
behavior of stem cells. For example, neural stem cells are present in different parts of the brain, have
pluripotency, but only cells localized in certain areas realize this possibility. [9, 10]. At the same time,
fibroblast growth factor (FGF-2) can activate latent neural stem cells from different parts of the adult brain.
In this regard, the direction of differentiation of stem cell descendants can be determined by the signals that
are created in each specific niche. Mature cells and cambial cells disappear in the tumor tissue, malignant
tissue is represented by a large number of proliferating polymorphic cells. The activity of p63 confirms the
attempt to maintain homeostasis by the nervous tissue of the human brain and the initial differentiation of
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stem precursor cells. We have noted that the physiological significance of p63 is realized through tumor
suppression, excessive expression of this gene is observed in brain tumor tissue and manifests itself in
differentiating cells. Gene amplification of the 3q27 locus (where the p63 gene is present) can cause p63 to
accumulate in the cancer. DNp63 plays an important role in maintaining stem cells and their ability to
differentiate, as noted in our studies. In addition, DNp63 inhibits neuronal aging and apoptosis. It is known
that the inhibitory functions of p63 are also associated with early tumor growth in cutaneous squamous cell
carcinoma. According to Kadam S.D. et al., (2015), in 80% of head and neck squamous cell carcinoma, the
p63 gene is enhanced [11], which corresponds to our data on malignancy of brain structures. The absence
of CD4/8 positive effector cells found by us in the malignancy zone can reduce the activity of macrophages
in the antitumor immune response, as well as counteract programmed cell death, affecting the outcome and
prediction of tumor recurrence. Wang L., Babikir H., Mdller S., Yagnik G., Shamardani K., Catalan F,
Kohanbash G., Alvarado B., Di Lullo E., Kriegstein A., Shah S.,Wadhwa H., Chang S.M., Phillips 1.J., Aghi
M.K., Diaz A.A. (2019) it was noted that glioblastoma tumor cells (GBM) have proneural and mesenchymal
subtypes, while glioma stem cells (GSC) of the classical subtype have not been identified [12].

CONCLUSION

The data obtained refute the dogma of CNS immunoprivileging and include the study of the role of
immunocytes in the malignancy of brain tissue in postnatal ontogenesis for the development of active
immunotherapy using vaccines and cell technologies, immune suppression of carcinogenesis and
optimization in the interaction of signaling molecules among the most topical issues. The results can serve
as an addition to the fundamental platform in the development of new strategies for antitumor therapy
aimed at controlled migration of immunocytes to the malignancy zone and its surroundings, targeted drug
delivery for controlled induction of the activity of effector immunocytes in the malignancy zone against the
background of impaired signaling interactions. At the present stage, the question of the possibility of
differentiation of precursors for neuroglia is controversial, since many authors suggest that the detected
astrocytes are residual elements of the malignant nervous tissue of the brain. We consider the multiplicity of
detected tumors as a confirming fact of malignancy as a generalized process. Understanding intercellular
interactions in the structure of a tumor and its environment and multidimensional connections between a
tumor and cells in its environment may open up new avenues for therapy. Like other authors, we noted
cellular polymorphism of glioblastomas, but, unlike other data, in our study, 2-nuclear cells were identified,
and the absence of multinuclear ones. There was also a decrease in the spectrum of macrophages and the
number of cells expressing CD68. The obtained data and analysis of the available literature indicate that
malignancy of the nervous tissue of the brain may be due to various intercellular interactions and key
signaling pathways involved in immune regulation, tumor proliferation, response to treatment and cellular
functions in glioblastoma, which can be reproduced from the outside. Therefore, the strategy of tumor
treatment requires not only double inhibition of the mechanisms of pGSC- and mGSC- proliferation and cell
survival, but also directed induction on the activation of target immunocytes/phagocytes, which will provide
a more complete treatment than combinations that target only cancer cell phenotypes. Aging of non-tumor
brain cells contributes to malignancy, which requires premedication before irradiation, to which the astrocyte
population is especially susceptible. In addition, stimulation of immuno-phagocytic targets can reduce the
aggressiveness of recurrent glioblastomas. This method of treatment has higher prospects in comparison
with the standard treatment of surgical resection of the tumor, which induces microglial/macrophage
infiltration, angiogenesis, and also as an iatrogenic factor of mediated self-renewal of glioblastoma tumor
cells, contributing to therapeutic resistance and tumor recurrence.

REFERENCE

1. Biserova K., Jakovlevs A., Uljanovs R., Strumfa I. Cancer Stem Cells: Significance in Origin,
Pathogenesis and Treatment of Glioblastoma. Cells. 2021 Mar 11;10(3):621.
DOI: 10.3390/cells10030621

2. Ohgaki H, Kleihues P. The definition of primary and secondary glioblastoma. Clin Cancer Res. 2013
Feb 15;19(4):764-72. DOI: 10.1158/1078-0432.CCR-12-3002

3. Fletcher-Sananikone E., Kanji S., Tomimatsu N., Di Cristofaro L.F.M., Kollipara R.K., Saha D., Floyd
J.R., Sung P.,, Hromas R., Burns T.C., Kittler R., Habib A.A., Mukherjee B., Burma S. Elimination of
Radiation-Induced Senescence in the Brain Tumor Microenvironment Attenuates Glioblastoma
Recurrence. Cancer Res. 2021 Dec 1;81(23):5935-5947. DOI: 10.1158/0008-5472.CAN-21-0752

4. Knudsen AM, Halle B, Cédile O, Burton M, Baun C, Thisgaard H, Anand A, Hubert C, Thomassen M,
Michaelsen SR, Olsen BB, Dahlrot RH, Bjerkvig R, Lathia JD, Kristensen BW. Surgical resection of
glioblastomas induces pleiotrophin-mediated self-renewal of glioblastoma stem cells in recurrent
tumors. Neuro Oncol. 2022 Jul 1;24(7):1074-1087. DOI: 10.1093/neuonc/noab302

5. Henrik Heiland D, Ravi VM, Behringer SP, Frenking JH, Wurm J, Joseph K, Garrelfs NWC, Strahle J,
Heynckes S, Grauvogel J, Franco P, Mader I, Schneider M, Potthoff AL, Delev D, Hofmann UG, Fung C,
Beck ], Sankowski R, Prinz M, Schnell O. Tumor-associated reactive astrocytes aid the evolution of

6


https://doi.org/10.3390/cells10030621
https://doi.org/10.3390/cells10030621
https://doi.org/10.1158/1078-0432.ccr-12-3002
https://doi.org/10.1158/1078-0432.ccr-12-3002
https://doi.org/10.1158/0008-5472.can-21-0752
https://doi.org/10.1158/0008-5472.can-21-0752
https://doi.org/10.1093/neuonc/noab302
https://doi.org/10.1093/neuonc/noab302

archiv euromedica 2023 | vol. 13 | num. 4 |

10.

11.

12.

immunosuppressive environment in glioblastoma. Nat Commun. 2019 Jun 11;10(1):2541.
DOI: 10.1038/s41467-019-10493-6

. Sun Q., Chen Y., Liang C., Zhao Y., Lv X., Zou Y., Yan K., Zheng H., Liang D., Li Z.C. Biologic Pathways

Underlying Prognostic Radiomics Phenotypes from Paired MRI and RNA Sequencing in Glioblastoma.
Radiology. 2021 Dec;301(3):654-663. DOI: 10.1148/radiol.2021203281

. Broekman ML, Maas SLN, Abels ER, Mempel TR, Krichevsky AM, Breakefield XO. Multidimensional

communication in the microenvirons of glioblastoma. Nat Rev Neurol. 2018 Aug;14(8):482-495.
DOI: 10.1038/s41582-018-0025-8

. Nikulesku I.T. Pathomorphology of neuronal system. Med. Publishing. Romania.-1963.-833 p. 2. Reva,

I.V,, Reva, G.V.,, Yamamoto, T. et al. Apoptosisincarcinogenesis. The success of modern science.-2015,
No 2.-p.103-110.

. Larionova TD, Bastola S, Aksinina TE, Anufrieva KS, Wang J, Shender VO, Andreev DE, Kovalenko TF,

Arapidi GP, Shnaider PV, Kazakova AN, Latyshev YA, Tatarskiy VV, Shtil AA, Moreau P, Giraud F, Li C,
Wang Y, Rubtsova MP, Dontsova OA, Condro M, Ellingson BM, Shakhparonov MI, Kornblum HI, Nakano
I, Pavlyukov MS. Alternative RNA splicing modulates ribosomal composition and determines the
spatial phenotype of glioblastoma cells. Nat Cell Biol. 2022 Oct;24(10):1541-1557.
DOI: 10.1038/s41556-022-00994-w

Wang Q, Mikkelsen T, DePinho RA, Muller F, Heimberger AB, Sulman EP, Nam DH, Verhaak RGW.
Tumor Evolution of Glioma-Intrinsic Gene Expression Subtypes Associates with Immunological
Changes in the Microenvironment. Cancer Cell. 2017 Jul 10;32(1):42-56.e6.
DOI: 10.1016/j.ccell.2017.06.003. Erratum in: Cancer Cell. 2018 Jan 8;33(1):152.

Kadam, S.D., Chen, H., Markowitz, G.]., Raja, S., George, S., Verina, T., Shotwell, E., Loechelt, B.,
Johnston, M.V., Kamani, N., Fatemi, A., Comi, A.M. Systemic injection of CD34(+)- enriched human
cord blood cells modulates poststroke neural and glial response in a sex-dependent manner in CD1
mice.//Stem Cells Dev. 2015 Jan 1;24(1):51-66. DOI: 10.1089/scd.2014.0135

Wang L., Babikir H., Miller S., Yagnik G., Shamardani K., Catalan F.,, Kohanbash G., Alvarado B., Di
Lullo E., Kriegstein A., Shah S., Wadhwa H., Chang S.M., Phillips 1.J.,, Aghi M.K., Diaz A.A. The
Phenotypes of Proliferating Glioblastoma Cells Reside on a Single Axis of Variation. Cancer Discov.
2019 Dec;9(12):1708-1719. DOI: 10.1158/2159-8290.CD-19-0329



https://doi.org/10.1038/s41467-019-10493-6
https://doi.org/10.1038/s41467-019-10493-6
https://doi.org/10.1148/radiol.2021203281
https://doi.org/10.1148/radiol.2021203281
https://doi.org/10.1038/s41582-018-0025-8
https://doi.org/10.1038/s41582-018-0025-8
https://doi.org/10.1038/s41556-022-00994-w
https://doi.org/10.1038/s41556-022-00994-w
https://doi.org/10.1016/j.ccell.2017.06.003
https://doi.org/10.1016/j.ccell.2017.06.003
https://doi.org/10.1089/scd.2014.0135
https://doi.org/10.1089/scd.2014.0135
https://doi.org/10.1158/2159-8290.cd-19-0329
https://doi.org/10.1158/2159-8290.cd-19-0329
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-04-2023.html
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-04-2023.html

