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Abstract

BACKGROUND

Although circulating tumor cells (CTCs) have been the focus of consideration for a
decade, a categorized cell-based diagnostic strategy is unavailable. The
personalized management and complementary /analytical-strategy of data require
an alphabetic guide. Therefore, we aimed to determine the behavior of CTCs in
tumor and blood in order to provide the hypothetical-based agenda in the brain
neoplasms. Exploring the protein expression (PE) using a single cell-based
method would clarify the heterogeneity and diversity in tumor and blood, which
are key events in the evolution in brain tumors. In fact, heterogeneity, diversity,
and evolution are required for cancer initiation and progression.

AIM

To explore CTCs in brain tumors and blood cells and to assay intensity of PE
through personalized insight.

METHODS

The focal population included 14 patients with meningioma, and four patients
with metastatic brain tumors (T). PE was assayed by immunofluorescence in
tumors cells and CTCs in 18 patients with brain tumors. Ratio test was applied
between the T cells and CTCs in tumor tissue and in vascular system. T/CTC
ratio-based classification of PE in macrophage chemoattractant chemokine ligand
2 (CCL2), vascular endothelial growth factor (VEGF), epidermal growth factor
(EGF), CD133, cyclin E, neurofilament marker, cytokeratin 19, and leukocyte
common antigen (CD45) were investigated.
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RESULTS

Total analyzed cells ranged between 10794-92283 for tumor cells and between 117-
2870 for CTCs. Characteristics of histopathologic and status of an ataxia-
telangiectasia mutated polymorphism (D1853N) in 18 patients affected with brain
tumors were also provided. The course of evolution and metastatic event relied on
the elevated protein expression in CTCs, which could be considered as a
prognostic value. Diverse protein expression of the migrated cells into the blood
stream and the tumor was indicative of the occurrence of evolution. Besides, the
harmonic co-expression between CCL2/EGF and CCL2/VEGEF could facilitate the
tumor progression including the metastatic event. Expression of these proteins in
the migrated vasculature and into the buccal tissue offered a non-invasive follow-
up detection in neoplastic disorders. PE-exploration of neurofilament
marker/CD133/VEGF of the CTCs in meningioma and cytokeratin 19/CD45/
cyclin E in the patients with metastatic brain tumor would clarify the tumor
biology of the brain neoplastic disorders.

CONCLUSION

The alphabetical base of the evolutionary mechanisms relies on dual-, triple-, and
multi-models with diverse intensity of expression. In fact, cross-talk between
initiative and the complementary channels defines the evolutionary insight in
cancer. A diverse-model of protein expression, including low, medium, and high
intensity, is the key requirement for the completed model. The cluster of cells with
diverse expression and remarkable co-expression between CCL2/EGF/VEGF and
NM/CD133/VEGF in CTCs may be indicative of probable invasiveness of the
tumor. Furthermore, the mode of cytokeratin-19*/CD45 can be traced in the
metastatic patients.

Key Words: Circulating tumor cells; Brain tumor; Protein expression; Personalized;
Somatic/circulating tumor cell evolution; Metastasis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The present data revealed that a classified/functional/individualized cell-
based preventive and therapeutic strategy is required for the cancer management. An
interaction between chemoattractant chemokine ligand 2/epidermal growth
factor/vascular endothelial growth factor is an influential and key utility in the
approach of cancer cells. Tracing the tumor/circulating tumor cells evolution will
facilitate the estimation of functional alterations in blood stream as a model to predict
the probable initiative step for metastasis, formulating the progressive status of disease
and by planning for a translational/personalized management. Finally, heterogeneity
and diversity may minimize the severity of disease.

Citation: Mehdipour P, Javan F, Jouibari MF, Khaleghi M, Mehrazin M. Evolutionary model of
brain tumor circulating cells: Cellular galaxy. World J Clin Oncol 2021; 12(1): 13-30

URL: https://www.wjgnet.com/2218-4333/full/v12/i1/13.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i1.13

INTRODUCTION

Based on the World Health Organization system, meningiomas are classified as the
second most common-primary brain tumor (T) of the central nervous system in adults.
Brain invasion has been included in the diagnostic criteria as atypical meningioma
World Health Organization grade II'". The pitfalls in neoplastic diagnosis include late
detection and unavailability of the precise formulated, classified data, the
somatic/circulating tumor cells (CTCs)-based heterogeneity and evolutionary process.
Three elements, including angiogenesis, edema, and growth, play a key role in the
progression of meningioma. The vascular system of meningioma is rather diverse,
extending from sporadic vascularization to the vast mode, like angiomatous meningi-
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omal.

Chemoattractant chemokine ligand 2 (CCL2/C) is involved in the process of cell
migration and plays a key role in regulation of the transferring process through blood
brain barrier (BBB)'l. Macrophages are an influential factor in metastatic
programming!. Besides, monocytes play a vital role in the seeding process through
angiogenesis, so there is a cross-road between CCL2, macrophage, monocytes, and
vascular endothelial growth factor (VEGF/V)F. However, such configuration is
required for a successful event in the developmental seeding process of metastasis.
Furthermore, no characterization of the expression on the “human cerebrovascular
chemokine” has been provided!*’l.

VEGEF is a key factor for formation, growth, development, and survival of tumor
through angiogenesis. VEGF is a remarkable factor associated with the diverse
potential of angiogenesis and metastasis in human neoplasms, but the precise
functional mode of VEGF is not well known in meningioma. However, a remarkable
vascularization related to the vascular permeability factor in some patients with
meningioma has been reported”. Angiogenesis is essential for progression and the
metastatic process’. However, it is required to unmask the diverse spectrum of
protein expression (PE) in meningioma. This is a hypothesis on the puzzling quality
and quantity of VEGF expression.

Epidermal growth factors (EGFs/E) are mainly involved in differentiation, cell
proliferation, tumorigenesis, and apoptosis. An association has been found between
high expression of EGF and progression, development, invasiveness, metastasis, and
poor prognosis in cancer!'?. Furthermore, the intravasation/migration to the blood
stream (BS) is required for “seed and soil” theory!”l.

Since CTCs were first observed in a patient with metastasis in 1869, this strategy has
not been considered a routine diagnostic tool™. The biological aspects of CTCs in
metastasis have been highlighted previously!”. It was stated that the invasiveness of
CTCs could be related to their characteristics!'l. The CTCs from glioma had no
metastatic behavior in the peripheral territory after migration to BS at the microRNA
levell). Besides, the liquid biopsy for the deoxyribonucleic acid-sequencing-based test
was published**l. The CTCs have also been evaluated as a predictor of survival in
patients with melanoma”’. However, metastasis is characterized by the sequential
puzzling events with diverse behaviors in different cancers.

The aims of this study were to: (1) Trace the PE diversity in CCL2/VEGF/EGF; and
(2) Classify the PE behavior of these proteins at the somatic/ CTC level to provide the
personalized strategy for the early detection of CTCs. Upon these aims, the
preventive/ predictive tasks are provided as a personalized model by exploring eight
markers in patients with brain tumors. This strategy offers the initial step of the cell-
based/formulated/categorized model for an early diagnosis of probable metastatic
process and the follow-up plan through the patients’ life.

MATERIALS AND METHODS

Study population and data collection

Patients and clinical information: The focal population included 10794-92283 cells for
tumor cells and between 117-2870 for circulated T cells, which were analyzed in 18
patients, including 14 with meningioma and four patients with metastatic brain
tumors [one with lung-, two with breast-origin, and one with cerebellar medullo-
blastoma (CM)] (Table 1). The samples were referred from the Department of
Neurosurgery, Shariati Hospital, Tehran University of Medical Sciences (TUMS), and
the consent letter was signed before surgery. Peripheral blood (PB) and tumor samples
of patient were investigated at the Department of Medical Genetics, TUMS.

Study design

Design of this investigation was based on evolutionary and personalized insights.

Analytical strategy
The analytical strategy (AS) was designed as a complementary tool for more
precise/specific analysis and categorizing the achieved data. Diverse intensity of PE
was categorized as C1, C2, and C3 for CCL2; V1, V2, and V3 for VEGF; and E1, E2, and
E3 for EGF.

AS is based on the intensity of expression, which varies in different proteins and is
provided as C1 (patient 5), V1 (patients 1 and 5), E1 (patient 5); C2 (in patients 5 and
8), V2 (patient 5), E2 (patient 5); and V3 (patient 4). An equal ratio is, exceptionally,

WJCO | https://www.wjgnet.com 15 January 24,2021 | Volume12 | Issuel |



Mehdipour P et al. Evolutionary model of brain CTCs

Table 1 Characteristics of histhopathologic and status of ataxia-telangiectasia mutated polymorphism (D1853N) in patients with brain

tumors

:)at'e"t ’;‘rge " Histopathigrade Other complications :t:ij polymorphism
1 46 Meningiotheliomatous type - iz
2 47 Meningioma/I - -
3 34 Meningothelial type - iz
4 40 Meningiotheliomatous type Focal micro-invasion to the underlying +
brain tissue

5 37 Meningioma/angiomatous - -
6 66 Meningothelial type - -
7 56 Meningothelial type =

8 50 Meningiotheliomatous type - -
9 21 Meningiotheliomatous type/I - -
10 69 Meningiotheliomatous type/I - +
11 43 Meningioma/ transitional type - -
12 69 Meningiotheliomatous type/I - -
13 49 Meningioma Thyroid tumor (at the same age) iz
14 36 Meningioma/ atypical - -
15 50 Metastatic carcinoma Primary site: Lung +
16 51 Metastatic brain Primary site: Breast +
17 58 Metastatic brain-breast origin Primary site: Breast +
18 39 Cerebellar medulloblastoma/IV Micro-vascular proliferation 1

observed in patient 5 for C1 category (Figure 1).

The horizontal comparison presents diversity of ratio between the proteins; and the
vertical comparison focuses on the intensity spectrum of PE, diversity, and the manner
of any cascade alteration(s). Analysis of cells was based on the fluorescence intensity
including 0: Lack of expression; 1: Low; 2: Medium; and 3: High expression for CCL2,
EGF, and VEGF and the complementary markers (Figure 1).

The traditional direct/ manual-based analysis guaranteed the adequate enumeration
and detection of cells and heterogeneous pattern of PE, respectively, with more
benefits including: (1) Analyzability of the quantitative and qualitative mode of PE; (2)
Tracing the vasculature system; (3) Sensitivity of assay; (4) Possibility of multi-assay of
the key markers and co-expression; and (5) Analysis of the multi-clonal populations
and sub-population. So, this manner led to the quantitative- and qualitative-based
classification of tumor cells in both tumor and CTCs. In addition, D1853N
polymorphism was tested, which plays a predisposing role for probable occurrence of
further exonic and/or intronic alteration(s) through different periods of patients’
livest*1,

Preparative assessment

The extracted cells from 4 mL heparinized PB were stained with anti-CCL2 (monocyte
chemoattractant protein-1) (eBioscience, San Diego, CA, United States), VEGF
(Genature, Belgium), and EGF (Novus Biologicals, Littleton, CO, United States). This
mixture was incubated at 4 °C. Staining was carried out by second layer antibodies,
including fluorescein isothiocyanate for CCL2, R-phycoerythrin for VEGF, and
phycoerythrin-indodicarbocyanine (Pe-Cy5) for EGF. Finally, by adding nuclear dye
[4',6-diamidino-2-phenylindole (DAPI)], the status of PE was assayed by the Leica
EICA, DM RXA2-fluorescence microscope (Wetzlar, Germany). The CTCs were also
assayed with cytokeratin 19 (KRT 19) (ScyTek, Logan, UT, United States), leukocyte
common antigen [LCA cocktail (CD45) (BioCare Medical, Pacheco, CA, United
States)], neuronal marker (NM) (ScyTek), and DAPI. Identification of brain CTCs was
based on positive cells with DAPI/NM, and positive metastatic cells were confirmed
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Proteins\

Tum ID Co C1 C3 Ctot VO V1 V2 V3  Vtot EO E1 E2 E3 Etot
1 [415.64]| 2.29 2.51 1.95 2.14 2,52 130 1.88] |[201.34] 1.49 2.46 2.03 2.03
2 2.19 225 2.53| ([595.14] 2.66 3.21 173 2.0 141 313 337 281
3 3.06 273 223 2.60 2.66 3.30 233 2.56| [25225] 1.68 3.17 3.40 2.92
4 2.63 3.22 4.08 3.14 2.06 2.69 156 184 525 325
5 131.12 2.17 1.60 210 158 | 6844 3.81 1.79
6 2.66 1.90 3.22 2.82 252 1.96 3.19 295 137 238 57 3.56
7 3936|251 141 265 2.34 179 163 246 188 120 12 434 256
8 128.19]| 2.30 234 1.94 235 1.13 216 194 [ 7236 156 1.09 4.04 3.41
9 113.37(|2.33 2.28 1.87 1.97|| 8813 2.6 16 472 390| | 7644 375 32 464 423
10 6.00 3.72 4.06 | [[5505 52 68 418 475 3 76 694 6.46
11 8 451 5 14449 54 82 522 571 2 432 835 747

F’Tf:rt:_ilgs\ co c1 C3 Ctot || VO Vi V2 V3 Vtot EO0 E1 E2 E3 Etot
12 173 3.03 4.64 3.34 453 176 7.07 3.9 306 279 724 438
13 231.44] 2.36 2.12 2.6 2.29 61 7.46 1.57 9.5 5.16 5505 4 223 268 2.67
14 [50333] 3.6 5.63 9.66 6.75 1.0 3.90 125 793 | |[220.16] 6.8 552 1458 8.91
15 16.37 2 1.00 134 ||17.34 [0.61 0.89] 1.13 [0.97| | 17.70 1.07 112 1.05
16 4144 [0.7 077 0.80 0.84]| | 42.36 [0.51 0.96 0.71 0.66] | 43.71 111 [0.620.66
17 4620 2 1.96 139 1.62 | |48.60 1.60 1.13 112 | | 4579 231 172 157
18 7.46 576 4.65 4.74 4.08 | | 8885 1.16 5.57 4.62 4.08 59.66 1.09 538 542 3.64

Figure 1 Ratio distribution of the cells lacking- and the classified positive-protein expression of C-C chemokine ligand 2, vascular
endothelial growth factor, and epidermal growth factor between tumor cells in tumor sample to the circulated brain tumor cells. Patients 1-
11: Are affected with meningioma. Patients 12-14: Are affected with meningioma, and patients 15-18 include three metastatic carcinomas (15: Brain/lung-origin; 16
and 17: Brain breast-origin) and one with cerebellar medulloblastoma. Provided horizontal and vertical indices are related to: CO, VO, and EO: Ratio related to lack of
protein expression in C-C chemokine ligand 2 (CCL2), vascular endothelial growth factor (VEGF), and epidermal growth factor (EGF), respectively; C1, V1 and E1:
Low expression of CCL2, VEGF, and EGF respectively; C2, V2, and E2: Medium protein expression of CCL2, VEGF, and EGF, respectively; C3, V3, and E3: High
expression of CCL2, VEGF, and EGF, respectively; Ctot, Vtot2, and Etot2: Total ratio is related to the low plus medium, plus high protein expression of CCL2, VEGF,
and EGF, respectively. C: C-C chemokine ligand 2; V: Vascular endothelial growth factor; E: Epidermal growth factor.

Jaishideng®

through DAPI*/cytokeratin®/CD45). The Manuel search was also performed to detect
CTCs amongst the leukocytes. The CTCs were defined as nucleated cells by: (1)
Expressing NM; and (2) Lacking CD45/ positive KRT19. CD133 (Biolegend, San Diego,
CA, United States), VEGF (Genature), and cyclin E (Zymed, San Francisco, CA, United
States) were also assayed.

Ethics and consent declaration

The present study was approved and granted by the deputy of Research, TUMS
(32208-30-04-95). The written consent declaration was obtained from the patients at
Department of Neurosurgery, Shariati Hospital, TUMS.

Statistical analysis
By considering the personalized insight, the ratio test was applied between the CTCs
and the T cells in tumor tissue and the vascular system.

RESULTS

The total analyzed cell population was ranged between 10794-92283 for T cells and
between 117-2870 for CTCs. Characteristics of histopathologic and status of an ataxia-
telangiectasia mutated polymorphism (D1853N) in 18 patients affected with brain
tumors are provided (Table 1). The information in the table was provided by the
surgeon and the patients.

Distribution of the intensity-based T/CTCs-ratio of PE for C, V, and E in the blood
territory of patients 1-14 affected with meningioma (Figure 1) and in the patients 15-18
affected with malignant brain tumors, including one lung metastatic carcinoma, two
metastatic carcinomas with breast origin, and one with CM are provided (Figure 1).
The harmonic ratio of tumor cells lacking PE of C, V, and E to the CTCs in patients
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with meningioma and brain cancer is illustrated in Figure 2A and B. The ratio of co-
expression for tumor cells to the migrated tumor cells in the blood and the vascular
system between proteins CCL2, VEGF, and EGF of the patients (Nos. 1-14) affected by
meningioma is also provided (Figure 3A). The ratio of co-expression in tumor cells to
the migrated tumor cells in the blood and the vascular system between these proteins
of patients with brain cancer (patients 15-18) are presented (Figure 3B).

The harmonic manner of elevated or declined ratio for each protein is illustrated in a
periodic chart (Figure 4). In this figure, the progressive intensity of proteins C, V, and
E is traceable. Status of PE and co-expression of C, V, and E in CTCs of patients 1 and 9
(Figure 5) and in patient 4 (Figure 6) with meningioma are provided. Expression status
of these proteins in meningioma tumors, vasculatures, and CTCs in patient 11
(Figure 7) and in patient 13 (Figure 8) are also available. In patient 15 with lung
metastatic carcinoma, the status of PE and co-expression of CCL2/VEGF/EGF through
migration of tumor cells to the blood territory is shown (Figure 9). The migrated
vasculature into the BS, the CTCs in patient 15 (Figure 9A-G and in patient 17, and
expression of these three proteins in the migrated vasculature into the BS are
presented (Figure 10). The CTCs are shown in patient 18 with CM (Figure 11).
Furthermore, the mode of PE of NM/CD133/VEGF in the CTCs of patient 1 with
meningioma is presented (Figure 12). The PE of KRT19/CD45/cyclin E in patients 16
and 17 with metastatic brain tumor is provided (Figures 13 and 14, respectively).

DISCUSSION

Somatic/CTCs Ratio-based classification of PE

Programming of neoplasms is based on an evolutionary-mechanism that is not
completely clarified in brain tumors. The T/CTCs ratio of cells lacking expression of C,
V, and E indicate the highest value amongst all patients (Figure 1). The ratio of cells
lacking PE, including CO, VO, and EO, reflects lower value in two patients with
metastatic brain tumors (patients 16 and 17) and highlights the lowest value in CM-
patient (i.e. more migrated tumor cells to the BS) (Figure 1). Furthermore, the declined
or elevated values of T/B ratio play an important role in initiation and promotion of
an evolutionary and developmental process through which transformation of the
tumor cells lacking PE to the cells with positive PE, by gaining different intensity of
expression will be possible. So, the sequential ratio is heterogeneous, varying within
ranges of 113.37-903.33 in CCL2, 61-595.14 in VEGF, and 17.70-307.69 in EGF
(Figure 1). Such pattern for the tumor cells is a challenging item in cancer initiation
and progression. The question is whether such diversity has positive or negative
impact on the invasiveness of tumor. An essential step in T progression is the most
cooperative manner between relevant proteins, and a successful protein co-expression
depends on the stage of disease, frequency of involved cells, and intensity of PE.
Besides, systematic classification of the initiator factors would facilitate innovation of
therapeutic channels. Distribution of ratios for C, V, and E is indicative of: (1) Diversity
between different patients with the same tumor and between the categorized intensity-
based ratios and total-based ratios, including total C, total V, and total E (Figure 1);
and (2) The origin of evolution at the primary tumor, followed through blood with
further behavior in the host organ (unpublished data). Besides, remarkable poor
prognosis is related to the ratios less than 1. The AS is based on the intensity of
expression that varied in different proteins and is provided as C1 (patient 5), V1
(patients 1 and 5), E1 (patient 5), C2 (in patients 5 and 8), V2 (patient 5), E2 (patient 5),
and V3 (patient 4). An equal ratio is, exceptionally, observed in patient 5 for C1
category (Figure 1).

The harmonic- and non-harmonic status of the provided ratios for C/V/E is due to
the different intensity-based classification through the course of evolution (Figure 2A
and B). According to the co-expression images (Figure 9A and B), the migrated cells
are, diversely, observed in the blood territory, ranging between 1.06-24.85 for the
meningioma’s and 0.08-0.92 for malignant tumors (Figure 3A and B). Co-expression
including CCL2/VEGF, CCL2/EGF, EGF/VEGF, and CCL2/VEGF/EGF reveals the
higher frequency of cells in T- than in blood-territory. Interestingly, only the ratio of
PE in the vesicles, vasculature, and microvesicles is found to be higher in blood than in
tumor, which may be the sign of poor prognosis for patients 5, 7, 8, 9, 13, 15, 16, 17,
and 18 (Figure 3A and B). Convincingly, it is aimed that a complementary AS can
provide more details on the nature and evolutionary process at tumor and blood levels
for offering the road map of CTCs in brain tumors and other neoplasms. The key role
of circulating micro-vesicles has been highlighted in leukemic cell-to-cell cross talk by
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Figure 2 Ratio distribution of the cells lacking any protein expression of C-C chemokine ligand 2, vascular endothelial growth factor and
epidermal growth factor between tumor cells in tumor sample to the circulated brain tumor cells in the blood. Patients 1-14: Are affected with
meningioma and patients 15-18 include 3 metastatic carcinomas (15: Brain/lung-origin; 16 and 17: Brain/breast-origin) and 1 with cerebellar medulloblastoma (CM).
A: Includes patients 1-14 affected with primary meningioma; B: Includes patients 15-18 affected with the metastatic carcinoma and CM. Harmonic ratio of tumor cells
to the circulated brain tumor cells are marked as specific colored quadrants related to the intensity shared classification based between different proteins. PS: Protein
status; HL: Highest level; RHL: Relatively high level; LL: Low level; ID: Patients’ identification.
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1| 165 190 181 215 314 25 15| | 15| 3.04 254 229 138 18.0
20 179 272 221 228 652 4.62 278 16 209 141 141 104 7.0
3| 257 3.07 236 290 285 312 379 0.08)

4| 308 4 287 285 328 127 1.3 | et U 6 e L
5| 177 223 160 1.7% 30121 18| 5.05 427 397 3.05 135 7.88
6| 295 366 291 326 116 21 156

7| 220 372 229 247 236 194 [022

8| 184 261 219 2.01 [0.92 1.05
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10| 3.6 424 291 241 83 725 4

11| 491 506 363 247 61 44 435

12| 503 703 445 387 557 615 595

13| 357 545 345 229 325 445

14| 932 1278 970 7.81 (68/0) 3.05 24.85

Figure 3 Ratio of co-expression of proteins between tumor cells in tumor region to circulating tumor cells and vasculature system for
proteins C-C chemokine ligand 2, vascular endothelial growth factor, and epidermal growth factor in 18 patients with brain tumor. A: The
ratio of co-expression between proteins C-C chemokine ligand 2 (CCL2), vascular endothelial growth factor (VEGF), and epidermal growth factor (EGF) traced in
tumor cells to the migrated tumor cells in the blood and the vascular system of patients with meningioma (pts. 1-14); B: The ratio of co-expression between proteins
CCL2, VEGF, and EGF traced in tumor cells to the migrated tumor cells in the blood and the vascular system of patients with brain cancer (pts. 15-18). The
highlighted quadrants with different colors indicate the harmonic evolutionary altered intensity of related proteins in common amongst different patients. Pr. Exp.:
Protein expression; ID: Patients’ identification; C: C-C chemokine ligand 2; V: Vascular endothelial growth factor; E: Epidermal growth factor; Ves: Vesicles; Vas:
Vasculature; MV: Microvesicles (angiogenesis).
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integrating the key proteins in vitro”l. They have stated that the quantity of micro-
vesicles can increase cell proliferation. In addition, our results highlight the
quantitative analysis of involved proteins including VEGF in microvesicles of the
tumor and CTCs with a persuasive impact on the clinical management. Interestingly,
our results opposed the complete capability of BBB and highlight a complete
availability of brain CTCs.

By considering degree of the PE-intensity, C, V, and E have medium status in
common with ratio less than 1. Such pattern may provide poor prognosis for patient 5
with meningioma, micro-metastasis, and positive D1853N polymorphism.
Furthermore, this patient had also minimum ratio of T/CTCs for low and medium
intensity of VEGF and EGF in common, which is also a sign for poor prognosis. Two
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Figure 4 The harmonic ratio of tumor cells with different degree of expression intensity for protein C-C chemokine ligand 2, vascular
endothelial growth factor, and epidermal growth factor to the circulating tumor cells in patients with brain tumors. C-C chemokine ligand 2
(CCL2), vascular endothelial growth factor (VEGF), and epidermal growth factor (EGF) are conjugated with fluorescein isothiocyanate, R-phycoerythrin, and
phycoerythrin—indodicarbocyanine, respectively. The highlighted quadrants with different colors indicate the harmonic evolutionary altered intensity including
increased and/or decreased ratio value of the related proteins in common between different patients or within different proteins. The altered ratio is based on the
provided data in Figure 1; Numbers 1 (high), 2 (medium) and 3 (low) are reflective of expression intensity of proteins CCL, VEGF and EGF. C: C-C chemokine ligand
2; V: Vascular endothelial growth factor; E: Epidermal growth factor.
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Figure 5 Mode of protein expression and co-expression of C-C chemokine ligand 2, vascular endothelial growth factor, and epidermal
growth factor in circulating tumor cells of a patient with meningioma. C-C chemokine ligand 2 (CCL2), vascular endothelial growth factor (VEGF) and
epidermal growth factor (EGF) are conjugated with fluorescein isothiocyanate, R-phycoerythrin, and phycoerythrin-indodicarbocyanine, respectively, in patient
number 1. A: Merged of 4',6-diamidino-2-phenylindole/CCL2; B: Phase contrast; C: Same cells with CCL2; D: Cells with VEGF; E: Cells with EGF; F: Merged/cropped
cells with VEGF/EGF; G: Merged of 4',6-diamidino-2-phenylindole /CCL2; H: Merged cells with dai/VEGF; I: Merged cells with dai/EGF; J: Cropped/merged cells with
CCL2/VEGF; K: Cropped/merged cells with CCL2/EGF; L: Cropped/merged cells with CCL2/VEGF/EGF.

patients with metastasis (15 and 16) are unique examples with poor prognosis by
having < 1 ratio of cells with low PE in common; patient 16 also had different degree
of PE for CCL2 and VEGF (Figure 1). Poor prognosis is related to the low expression of
VEGF and EGF (T/B ratio 0.78 and 0.06 respectively) in patient 17 as a breast cancer
(BC)-metastatic patient and positive/predisposing D1853N polymorphism. This
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Figure 6 Status of protein expression of C-C chemokine ligand 2, vascular endothelial growth factor, and epidermal growth factor in the
tumor and circulating tumor cells of patient 4 affected with meningioma. C-C chemokine ligand 2 (CCL2), vascular endothelial growth factor (VEGF),
and epidermal growth factor (EGF) are conjugated with fluorescein isothiocyanate, R-phycoerythrin, and phycoerythrin-indodicarbocyanine, respectively, in patient
number 2. A1-4: 4',6-Diamidino-2-phenylindole, CCL2, VEGF, EGF; B1-5: CCL2, VEGF, EGF, co-expression of CCL2/VEGF/EGF, co-expression of 4',6-diamidino-2-
phenylindole/CCL2/VEGF/EGF, Selected cropping area of image B4, is reflective of diverse co-expression between these three proteins from image B4.
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polymorphism led to occurrence of further exonic and/or intronic alterations with
negative impact on the clinical outcomel**.

The ratio of T/CTCs for lacking PE in C, V, and E may be harmonic and
categorization of the ratios will have an influential and complementary role in the
progression of tumor and clinical management (Figure 2A and B). By considering
harmonic ratio of tumor cells lacking PE, seven patients (1-3, 7, 10, 11, and 15) reflect a
remarkable triangle harmonic status of C/V/E, followed by dual harmonic status of
C/V in patients 4, 5, 8, and 9; dual pattern of V/E in patients 12, 13, 17, and 18; and
dual harmonic pattern of C/E in patients 13 and 17. These data reflect involvement of
the triangle PE within diverse values in different patients. So, the cooperation between
different proteins with diverse ratio may facilitate the initiation and promotion of the
harmonic/cascade/evolutionary events as the elevated and/or decreased ratio as well.

By considering a novel categorization, different patterns of evolution, including
dual-, triple-, and multi-, model are provided. The altered intensity (low: 1, medium: 2,
high: 3) of expression leads to transform low-intensity to medium or high in C, V, and
E proteins that include: (1) Dual pattern from V1 > V2 and from E1 > E2 in patients 1,
2,9,12,13, and 18; (2) Dual model as V2 > V3 and E2 > E3 in patients 1 and 12; (3)
Triple model as C1 > C2 and V1 > V2 and E1 > E2 alterations in patients 2, 9, 13, 15,
and 16; triple pattern formation as C2 > C3, V2 > V3 and E2 > E3 in patients 10, 12, 13,
14 and 17; and (4) Multi pattern development including C1 > C2, V1 > V2, C2 > C3, V2
> V3, and E2 > E3 in patient 8 who harbors the most complicated evolutionary model
in which all the initiative events are accompanied by complimentary functional
incidents. So, the model is initiated simply by the occurrence of dual-evolution and is
followed by further diverse development of triple-events. Conclusively, to form the
completed model, diverse dual and triple patterns are required to be formed, and the
priority of initial formation could occur from the low expression with further
development to medium- and high-intensity of expression (Figure 4A and B). These
evolutionary models in our patients reflect the occurrence of cascade events with
common origin. The provided model indicates the cross-talk between initiative and the
complementary channels to form an evolutionary insight in cancer. Such pattern could
occur in all types of neoplastic tumors with further evolution through the metastatic
process (unpublished data). It is essential to emphasize that such models vary within
different proteins and patients. Therefore, these patterns are rather personalized with
specific and multi-combinational patterns.
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Figure 7 Protein expression status of C-C chemokine ligand 2/vascular endothelial growth factor/epidermal growth factor of two cell
population from tumor sample and circulating tumor cells in patient 11 affected with meningioma. C-C chemokine ligand 2 (CCL2), vascular
endothelial growth factor (VEGF), and epidermal growth factor (EGF) are conjugated with fluorescein isothiocyanate, R-phycoerythrin, and
phycoerythrin-indodicarbocyanine, respectively, in patient number 3. A: Vascular images accompanied by the partial tumor section [1: Merged of 4',6-diamidino-2-
phenylindole (DAPI)/CCL2; 2: Merged of DAPI/VEGF; 3: Merged of DAPI/ EGF; 4: Co-expression of CCL2/EGF/VEGF; 5: Co-expression of DAPI/CCL2/VEGF/EGF;
6: A cropped section of 5]; B: Image of a tumor section reflecting of the Co-expression of CCL2/VEGF/EGF; C [1:DAPI/CCL2/VEGF/EGF; 2:CCL2/VEGF/EGF]:
lllustrates the CTCs in the blood sample of the same patient. The arrows are indicative of expression status in tumor cells, in vasculature, and the microvesicles.
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Status of PE

In patients 5 and 8, the higher PE in CTCs may be indicative of the occurrence of an
evolution in favor of the metastatic process (Figure 5). Interestingly, the manner of PE
was more diverse between the cells in tumor than in the migrated cells into the
vascular system within the tumor region (Figure 6A) and also in the CTCs within the
blood territory in patient 4 with meningioma (Figure 6B). Status of PE in CCL2/
VEGF/EGF of the two cell populations from tumor sample of patient 11 and CTCs
presents the journey from tumor to the destinations, including the vascular- and BS-
territory (Figure 7). In spite of the lowest expression of EGF/VEGF (Figure 7C and D),
higher expression with CCL2 and the co-expression within CTCs is noticeable in
patient 13 (Figure 8E and G). Migrated tumor cells within tumor territory to the BS are
shown by arrows (Figure 9C-H) in which the co-expression of CCL2/VEG and
CCL2/VEGF/EGF is more remarkable than in CCL2/EGF (Figure 9F-H). Regarding
patient 17, more cells conjugated with CCL2 are observable than with VEGF and EGF
(Figure 10B-D). Images C, D, and G reflected an observable expression in a single CTC
with proteins VEGF and EGF but not with CCL2 in image B. In contrast, the mode of
expression is diverse within the vasculature territory. There was a diverse co-
expression pattern indicating more harmonic interaction between CCL2/VEGF than
CCL2/EGF. However, co-expression between these proteins was remarkable either in
CTCs or within the vasculature territory (Figure 10). In patient 18 with CM, co-
expression between CCL2/VEGF/EGEF is observable in CTCs (Figure 11A), but there is
only a single CTC with high expression of CCL2 (Figure 11B). In contrast, high
expression of VEGF and EGF, with slight difference between these two proteins, is
observable (Figure 11C and D).

For tracing the tissue origin of CTCs, PE of NM is accompanied by stem cell marker
CD133 and VEGEF in patient 1 (Figure 12), presenting the cluster of cells with higher
expression of NM (Figure 12B) and few cells with lower expression of CD133 and
VEGF (Figure 12D and E). Interestingly, remarkable co-expression between
NM/CD133/VEGF in CTCs may be indicative of a warning message for probable
invasiveness of the tumor. The presence of CTCs was confirmed by the mode of
cytokeratin-19*/CDA45" in patients 16 and 17 (Figures 13 and 14).

The minimal residual disease was traced by CTCs in the blood of BC patients™!.
They have reported a poorer outcome by detecting 2 5 CTCs/7.5 mL of PB by
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Figure 8 Mode of protein expression and co-expression of C-C chemokine ligand 2, vascular endothelial growth factor, and epidermal
growth factor of the circulating tumor cells of patient 13 with meningioma. C-C chemokine ligand 2 (CCL2), vascular endothelial growth factor
(VEGF), and epidermal growth factor (EGF) are conjugated with fluorescein isothiocyanate, R-phycoerythrin, and phycoerythrin-indodicarbocyanine, respectively. A:
Leukocytes and circulating tumor cells (CTCs) with 4',6-diamidino-2-phenylindole; B: Image of the same cells with CCL2; C: Image of the same cells with VEGF; D:
Image of the same cells with EGF; E: Co-expression of the CCL2/VEGF/EGF in the same cells; F and G: Co-expression of the CCL2/VEGF/EGF in the selected
cropping cells (1 and 2) from A. The arrows are reflective of high protein co-expression within CTCs according the mode of expression in images b-d in the EGF; and
the VEGF reflects the lowest expression.

automated cell Search® system. Furthermore, presence of =21 CTC/7.5 mL pre- and
post-chemotherapy has led to distant metastasis™!. They also highlighted that
although CTC was correlated with circulating VEGF, there was no association with
status of EGF. So they have proposed that the CTCs may be a remarkable predicting
response to the angiogenic inhibitors. CTCs are known as epithelial tumor cells,
traceable in the BS of solid tumors at the molecular level. CTCs have also been
considered in research and clinical management since 1990. But, no categorized cell-
based diagnostic strategy as the translational research in cancer has been provided yet.
There are the notable challenges on tracing of CTCs, so an alphabetic guideline is
required for this topic. Therefore, we aimed to explore the scenario of the behavior of
CTCs in brain tumor/blood samples to provide the personalized, hypothetical-based
agenda in the brain neoplasms that can be applied in other types of neoplastic
disorders; and also as a follow-up approach in the patients and their relatives who are
at risk.

The prognostic potential of CTCs and the clinical significances in different tumors
and a few examples on BC-brain metastasis are reviewed™!. They have delivered the
application of “Liquid biopsy” at mRNA level. The machinery of CTCs with focus on
genomes and transcriptomes is also reviewed™!. It was also reported that the presence
of CTCs plays an independent role in prognosis of BC with brain or bone
metastasisi”’l. In spite of the presence of only = 5 CTCs, they found a correlation
between the undetectable CTCs and occurrence of metastasis in brain but not in bone.
So, they concluded that undetected CTCs might be due to an incomplete tracing of
CTCs by automated Cell Search system and possibly related to the “epithelial-
mesenchymal transition. The first reason is cleared by the enumeration strategy in our
present data. However, our data indicate that BBB may have very limited restriction
on the tumor cell migration into the BS (Figure 15).

CONCLUSION

Heterogeneity/diversity may be an explanation for the Natural Rescue Mechanism
through which the severity of disease may be minimized in brain tumors and
hopefully in other neoplasms.

Adequate informative data on CTCs is a guideline for management of metastatic
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Figure 9 Status of protein expression and co-expression of C-C chemokine ligand 2/vascular endothelial growth factor/epidermal growth
factor through migration of circulating tumor cells within tumor territory to the blood stream in a patient with the lung metastatic
carcinoma. C-C chemokine ligand 2 (CCL2), vascular endothelial growth factor (VEGF) and epidermal growth factor (EGF) are conjugated with fluorescein
isothiocyanate; R-phycoerythrin, and phycoerythrin-indodicarbocyanine, respectively, in patient 15. A: Merged of 4',6-diamidino-2-phenylindole
(DAPI)/CCL2/EGF/VEGF; B: Cropped section of image a; C: Merged of DAPI/CCL2; D: Merged of DAPI/VEGF; E: Merged of DAPI/EGF; F: Co-expression of
CCL2/Veg; G: Co-expression of CCL2/EGF; H: Co-expression of CCL2/VEGF/EGF. Merged of DAPI/CCL2/VEGF/EGF is reflective of co-expression between three
proteins; B, F-H: Reflect co-expression of CCL2/VEGF/EGF according to the selected of cropped section from images a (arrow on the top/left). The arrows on the left
side of images are referred to the migration of tumor cells from tumor to the blood stream destination through a bubble like channel.

process. Regarding the application of anti-VEGF in brain tumors, the multi-
disciplinary insight in the therapeutic strategy is also required. Interestingly,
application of anti-CCL2 in tumorigenic models has led to weakening the metastasis
and improving the survival period™\. So, adequate enumeration of CTCs, formulated
predictive information with a personalized-based strategy for different types of
cancers, will be possible. As questions: Whether the high number of CTCs is reflective
of (1) poor developmental course of neoplasms; and (2) poor survival status or
recurrence? Or relapse? And does low enumeration of CTCs lead to the false negative
diagnosis?
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Figure 10 Expression mode of C-C chemokine ligand 2, vascular endothelial growth factor and epidermal growth factor in the migrated
vasculature into the blood stream in a patient affected with metastatic brain tumor with breast origin. C-C chemokine ligand 2 (CCL2), vascular
endothelial growth factor (VEGF) and epidermal growth factor (EGF) are conjugated with fluorescein isothiocyanate, R-phycoerythrin, and
phycoerythrin-indodicarbocyanine, respectively in patient 17. A: Merged of 4',6-diamidino-2-phenylindole (DAPI)/CCL2/VEG/EGF; B, C and D: Partially cropped
section between two asterisk of image A and present the merged of DAPI/CCL2, DAPI/VEGF and DAPI/EGF respectively; B and C: Indicates the involvement of
traceable tumor cells with higher expression than EGF within a migrated vasculature to the blood stream; E, F and G: Present co-expression between CCL2/Veg,
CCL2/EGF and EGF/VEGF respectively, there is more harmony between CCL2/Veg and CCL2/Veg.
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Figure 11 Expression mode of proteins of C-C chemokine ligand 2, vascular endothelial growth factor, and epidermal growth factor in
circulating tumor cells from a tumor of patient affected with cerebellar medulloblastoma. A: Merged image of cells conjugated with 4',6-diamidino-
2-phenylindole (DAPI)/C-C chemokine ligand 2 (CCL2)/vascular endothelial growth factor (VEGF)/epidermal growth factor (EGF) is reflective of remarkable co-
expression between VEGF/EGF proteins; B: Merged cells with DAPI/CCL2 indicating the absence of expression in the majority of cells; C: Merged cells with
DAPI/VEGF with high expression; D: Merged cells with DAPI/EGF reflect lower expression than VEGF. Asterisks are referred to the cluster of CTCs.
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Figure 12 Status of protein expression of neuronal marker, CD133 and vascular endothelial growth factor in the brain circulating tumor
cells of patient 1 affected with meningioma. A: Circulating tumor cells (CTCs) with phase contrast; B and C: Present CTCs with Ne conjugated with
fluorescein isothiocyanate; D: Present status of vascular endothelial growth factor (VEGF), conjugated with phycoerythrin-indodicarbocyanine; E: Reflect status of
CD133, conjugated with R-phycoerythrin; F: Present the merged image of 4',6-diamidino-2-phenylindole/Ne/VEGF/CD133, reflective of a remarkable co-expression
between protein neuronal markers CD133 and VEGF. Arrows on the top of images B, D1, and E1 reflect more involved cells with high-, very less involved cells with
much lower-, and less involved cells with high-expression for Ne, VEGF, and CD133, respectively. The asterisks on the down/right of B, B and E illustrate almost
same intensity of expression, but with more CTCs involved in image B for Ne, VEGF, and CD133, respectively. A triangle symbol is reflective of a remarkable high
expression for neuronal marker in CTCs. Arrows on the below/left-down of images C2, D2, and E2 present higher expression for Ne than VEGF and CD133. Arrows
on the bellow/left-up of images C2, D2, and E2 illustrate low expression for Ne and CD133, and lack of expression for VEGF. The arrows down the images of C2, D2,
and E2 illustrate the heterogenic (low and lack) of expression for Ne and CD133 and lack of expression for VEGF.
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Figure 13 Protein expression of cytokeratin-19, CD45, and cyclin E in circulating tumor cells of a breast-brain metastatic patient.
Circulating tumor cells (CTCs) in patient 17 with: A: DAPI (4',6-diamidino-2-phenylindole)/cytokeratin-19 (CK-19) [highest/positive protein expression (PE)]; B:
DAPI/CDA45 (negative PE); C: DAPI/cyclin E (positive PE: Partial at left clone of cells); D, E and F: Conjugated cells with CK-19, CD45, and cyclin E, respectively.
Harmonic PE between CK-19 and cyclin E in the clone of CTCs at left side of image in patient 17. Arrows indicate the diverse expression of three proteins.
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Figure 14 Protein expression of cytokeratin-19, CD45, and cyclin E in circulating tumor cells of a vasculature image of a breast-brain
metastatic patient. Cytokeratin-19 (CK-19), CD45, and cyclin E are conjugated with phycoerythrin-indodicarbocyanine, R-phycoerythrin, and fluorescein
isothiocyanate, respectively. A: 4',6-Diamidino-2-phenylindole (DAPI)/CK-19 [highest/positive protein expression (PE)]; B: DAPI/CD45 (negative PE); C: DAPI/cyclin E
(positive PE: Partial at left clone of cells). Harmonic PE between CK-19 and cyclin E, arrows indicate lack of cyclin E expression in the middle of vasculature in patient
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Figure 15 Manuscript at a glance: Evolutionary model of brain tumor circulating cells. CTCs: Circulating tumor cells; PE: Protein expression.

Jaishideng®

ARTICLE HIGHLIGHTS

Research background

Circulating tumor cells (CTCs) are the most applicable strategy in preventive
oncology. The most puzzling items include the lack of: (1) The basic information on the
migrated cells into the tumor and into the blood stream; (2) The categorized data for
the personalized strategy of CTCs; (3) Information on the application of CTCs for the
patients affected with brain tumors as early as possible; and (4) The data on the early
detection of the brain tumors in the probands affected with brain tumor and the
relatives through their pedigree. Hence, it was aimed to explore the developmental
picture of CTC behavior in tumor (T) and blood in the brain neoplasms.
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Research motivation
The key target to explore CTCs was revealed to be early detection; therefore,
availability of adequate data on the pedigree of proband affected either with brain
tumor or any other neoplastic disorder (s) will facilitate application of the preventive
strategy for the probands’ relatives who are at risk of being affected with the
neoplastic disorders.

Research objectives

In the cancer-prone families: The target objectives, include: (1) The family history of
any neoplastic disorders in the proband’s pedigree and age of the onset for the target
individuals; (2) The key information for each individual affected with neoplastic
disorder including cancer; (3) Tracing and selecting the target relatives of the
probands; and (4) Performing the CTC test for the selected individuals.

In the family of the probands without any history of the neoplastic disorders: In
case of the influential micro-and/or macro-environmental hazards, the target offspring
of the proband through the further generations may be selected for the performance of
CTCs.

Research methods

The novelty of this research is relied on the simple Manuel analysis, which provides an
adequate single cell screening process. Based on this strategy, diverse pattern of
intensity and categorization of different target proteins will be facilitated.

Research results

The course of evolution and possibility of metastatic event rely on the higher protein
expression in CTCs. Such a finding is indicative of prognostic value. Besides, diversity
in protein expression of the migrated cells into the both tumor and blood stream and
diverse pattern of protein expression in both tissues are indicative of the occurrence of
evolution. Besides, the harmonic co-expression between C-C chemokine ligand
2/epidermal growth factor and C-C chemokine ligand 2/vascular endothelial growth
factor can facilitate the tumor progression including the metastatic event.

Research conclusions

There is a diverse pattern of protein expression of the migrated cells at different
territories including tumor and the bloodstream by performing CTCs by Manuel
analytical strategy to unmask heterogeneity of the protein expression.

Research perspectives

The direction of further research includes providing: (1) The educational/informative
packages on the early detection by CTCs to the cancer clinics or the related hospitals
with the available preventive cancer section; and (2) Cancer Genetic counselling to the
referral cancer patients for performing an early detection of probable metastasis by
CTCs test.
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