

[image: image1]
Early prediction of brain tumors postoperative progression of using the peripheral blood cells aggregation level indicators by surface Plasmon resonance method












	[image: image]
	BOHR International Journal of Neurology and Neuroscience
2024, Vol. 2, No. 2, pp. 42–44
DOI: 10.54646/bijnn.2024.20
www.bohrpub.com



	






RESEARCH

Early prediction of brain tumors postoperative progression of using the peripheral blood cells aggregation level indicators by surface Plasmon resonance method

N. Gridina1*†, A. Guk1†, A. Glavatsky1, Ushenin Yu2†, R. Khristosenko2†, A. Khokhlov1†, O. Velichko1†, A. Samoilov2 and E. Venger2†

1Romodanov Neurosurgery Institute, National Academy of Medical Sciences of Ukraine, Kyiv, Ukraine

2V. E. Lashkaryov Institute of Semiconductor Physics of NAS of Ukraine, Kyiv, Ukraine

*Correspondence:
N. Gridina, 
gridinanina@ukr.net

†ORCID:
N. Gridina
0000-0003-1137-8212
A. Guk
0000-0001-7721-729X
Ushenin Yu
0000-0002-5480-216X
R. Khristosenko
0000-0002-0440-2651
A. Khokhlov
0000-0002-6684-4199
O. Velichko
0000-0001-9202-8411
E. Venger
0000-0003-1508-1627

Received: 12 June 2024; Accepted: 23 August 2024; Published: 19 October 2024

License: CC BY 4.0

Copyright Statement: Copyright © 2024; The Author(s).

The completeness of brain tumors removal, on which the continued growth depends, was determined using indicators of the peripheral blood cell aggregation level of using a SPR analyzer before and on the 7th day after surgery. An increase in the sensitivity of the method was achieved by adding a 0.25% solution of verapamil hydrochloride (Farmak) diluted 10,000 times to the blood under in vitro conditions. A decrease in SPR values on the 7th day after surgery compared to preoperative data may indicate total removal of the patient’s tumor. If SPR indicators on the 7th day after surgical removal are increased compared to preoperative values, this indicates the presence of a tumor and tumor-associated inflammation and, therefore, subtotal removal of the tumor and the likelihood of relapse due to tumor progression.
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Introduction

Effective treatment of brain tumors largely depends on the complete removal of the tumor during surgical removal, otherwise the tumor will continue to grow. For this purpose, surgical clinics are developing transcranial endoscopic approaches for the treatment of tumors of the third ventricle, determining the boundaries of the proliferation of malignant tissues of gliomas using visualizing optical systems, etc., which will allow for more complete removal of these tumors.

In order to have an idea of the degree of completeness of tumor removal, it is necessary to develop a test that can be used to determine the degree of completeness of tumor removal by surgery.

The purpose of the work was to develop a test that determines the completeness of removal of tumor tissue in the brain using indicators of the level of aggregation of peripheral blood cells using a surface Plasmon resonance (SPR) analyzer.



Materials and methods

The study was performed on 34 patients with brain tumors before surgery and on the 7th day after surgery. A test by determining the level of SPR indices (1) before surgical removal of gliomas (varying degrees of malignancy) in comparison with similar indicators 5–7 days after surgery was developed.

Previous studies in malignant brain gliomas have found that blood cell aggregation levels are lower in gliomas II degree of malignancy (higher SPR indices) compared to an increased level of blood cell aggregation in gliomas IV degree of malignancy (lower SPR indices) (2–4).

For a more accurate differential analysis between brain gliomas of varying degrees of malignancy, 0.25% verapamil hydrochloride was used at a 10,000-fold dilution. This dilution of verapamil hydrochloride was chosen based on the residence time of glutamate in the synaptic cleft (5), since these processes are interrelated. Verapamil hydrochloride is a blocker of slow calcium channels on cell membranes and at the same time affects the level of blood cell aggregation through communication with NMDA receptors. Verapamil increases the level of blood cell aggregation in benign tumors, while SPR indicators decrease, and reduces the level of aggregation in malignant tumors, while SPR indicators increase. In healthy people, the level of blood cell aggregation is low, the SPR indicators are high, and with the addition of verapamil hydrochloride, the level of verapamil hydrochloride increases and the SPR indicators decrease. Therefore, the addition of verapamil hydrochloride to blood cells shows an opposite effect on the level of blood cell aggregation compared to that without the addition of verapamil hydrochloride. This methodological approach makes it possible to analyze the degree of malignancy of tumors based on the level of blood cell aggregation. It shows the completeness of the removal during surgery. The objectivity of the results based on SPR indices was compared with the data of imaging methods for determining the completeness of tumor removal after surgery MRI and CT with contrast. The agreement between the results was 100%.



Results

Blood cell aggregation level determining, expressed in terms of SPR, compared before and after surgery in patients with glioma of varying degrees of malignancy, indicates total or subtotal removal of the tumor during surgery (Table 1). As is known, it is often not possible to completely remove a tumor in the brain tissue due to the close adherence of the tumor tissue to vital structures of the brain.


TABLE 1. SPR indices for subtotal and total removal of gliomas (10,000-fold dilution of verapamil).
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Discussion

The use of imaging methods to determine the totality of tumor removal in the postoperative bed in the early postoperative period cannot always determine the complete absence of tumor cells in the brain tissue. When the close combination of a tumor and the inflammatory process resulting from necrosis of tumor cells became clear based on the experimental data obtained, it became possible to judge the growth or remission of the tumor process by the presence of tumor-associated inflammation (6, 7). Our previously obtained data and literature sources (8–12) may indicate a close interaction between inflammation and mesenchymal cells of the bone marrow, which in the postoperative period determines the rate of relapses and metastases in various types of oncological processes. The use of the SPR method makes it possible to evaluate stage II inflammation activated by tumor necrosis, which is not always determined by generally accepted laboratory tests, because is a microinflammation.



Conclusion

Determining SPR indicators with a microsensor is a more subtle tool that determines microinflammation that accompanies the presence of tumor tissue. Microinflammation associated with the growth of remaining tumor tissue is not always recorded by generally accepted laboratory tests, which in some cases allows the tumor to be mistakenly considered to have been completely removed. The proposed method will allow, in case of objective determination by SPR indicators of the impossibility of total tumor removal, to carry out postoperative prevention of tumor progression in earlier stages of the postoperative period. This method also allows screening for the appearance of tumor growth at any time in the late postoperative period.

The method proposed by the authors for determining the completeness of removal of malignant brain tumors has no analogs. It differs from other methods in the availability and speed of determining indicators and does not require expensive reagents and radioactive labels. In addition, the proposed method may used for further development on other types of tumors, since it is universal, unlike tissue-specific tumor markers (13–15). Currently, several types of markers for tumors of neural origin have been developed. The problem is to distinguish markers of the inflammatory process from the tumor process. Our work addresses this issue by altering the transmembrane potential by adding varying concentrations of verapamil hydrochloride to blood cells in vitro. A comparison of the objectivity of the indicators of the proposed method and tumor markers of nervous origin will be planned in our subsequent works.
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