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Abstract

Drug resistance is one of the most pressing issues in modern oncology and is a result of the combination of various
molecular events in tumor cells under the influence of a drug, the full understanding of which is yet to be determined. The
present study focused mainly on evaluating the expressionof genesfrom the aldo-keto reductase family during the development
of chemoresistance in prostate cancer (PC) — one of the most common and socially significant types of cancer in men
worldwide. Using transcriptomic profiling of a PC cell model during the development of resistance to the taxane docetaxel, a
statistically significant increase in the expression of two genes from the aldo-keto reductase family, AKR1C2 and AKR1B1, was
demonstrated, which was also confirmed by quantitative PCR. The obtained results emphasize the high potential of these genes
for further research as promising markers of resistance, as well as therapeutic targets.
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AHHOTaNMA

JlekapCcTBeHHasi YCTOMUMBOCTB SIBJISIeTCSl OAHOW W3 Haubosiee aKTyalbHBIX TPOOIEM B COBpEMEHHOH OHKOJIOTHU M
nipe/icTaB/sieT cOO0M pe3ysbTaT COYeTaHUs Pa3/IMUHBIX MOMEKY/SIPHBIX COOBITHM B OMyXOJEBBIX KJIETKAaX TMOJ, JeHCTBHEM
Trperiapara, II0JHOe TIOHMMaH{e KOTOpbIX ellle Ipe/CTOMT ompefenuTb. Hacrosiree ncciefoBaHre ObUIO COCPeLOTOUEHO
TIPeMMYILL|eCTBEHHO Ha OLleHKe SKCIPecCHU IeHOB CeMelCTBa albJ0-KeTO PeAyKTa3 MpU pasBUTUM XUMHUOPE3UCTEHTHOCTU B
cilydae paka rpefctarenbHoi xkenessl (PIDK) — ogHoro 13 Hauboree pacrpocTpaHeHHBIX U COLMAIBHO 3HAYMMBIX BHZIOB PaKa
y MY>KUMH BO BceM Mupe. C MOMOILbI0 TPAHCKPUIITOMHOTO ITpodu/IupoBaHus KieTouHoi mofenu PIDK B riporiecce pasBuTust
PE3UCTeHTHOCTH K TakKCaHy JOLieTakcesny, ObUIO NMOKa3aHO CTAaTUCTMYECKW 3HauMMoe TIOBBILIEHHe SKCIIPeCCHUU JBYX T€HOB U3
cemelicTBa anbo-keto peaykraz — AKR1IC2 u AKRIBI1, uto Takxe ObUIO TIOATBEPXKAEHO METOJ0M KoiuuecTBeHHOU ITIIP.
[TonyueHHble pe3ysabTaThl MOLYEPKUBAIOT BBICOKMI TMOTEHLMal 3THUX [eHOB [ [aJbHEMIIMX MCCAe[0BaHUI B KauecTBe
MepCreKTUBHBIX MapKepOB Pe3UCTEHTHOCTH, a TAK)Ke TepaneBTHYeCKUX MUILIEHeH.

KiroueBble ciioBa: pak IpefcTaTe/bHON jKesle3bl, XMMMOTeparnusi, AoLleTakces, pe3CTeHTHOCTb, K/IeTOYHasi MOfelb,
9KCIIPeCcCHs..

Introduction

Prostate cancer (PC) is a highly prevalent and socially impactful malignancy that affects males globally. In Russia, the
incidence of PC is also notably high, with 40,785 newly reported cases in 2017 [1]. Androgen deprivation therapy is widely
recognized as the leading strategy for managing PC. However, despite extensive research and advanced treatment, patients
invariably develop castration-resistant PC (crPC), a highly aggressive and lethal form [1]. The initial treatment choice for crPC
patients typically involves chemotherapy utilizing taxanes, which are cytostatic drugs that bind to beta-tubulin in microtubules,
disrupting critical cellular processes [2]. The significant challenge in oncourology lies in the inevitable development of
chemoresistance to taxane-based treatments. Aldo-ketoreductases (AkRs) are a class of oxidoreductases primarily responsible
for converting carbonyl groups into alcohols through a reduction mechanism [3]. In humans, fifteen different AkRs have been
discovered, and while the particular carbonyl substrates they act upon may differ, these proteins possess specific structural
traits in common. The upregulation of AkRs has been observed in diverse tumor categories, including PC [4], [5], [6].
Furthermore, scientists have proposed their potential role as tumor biomarkers, indicating the significance they hold.
Moreover, multiple studies have established a link between the expression of AkRs genes and the emergence of resistance to
several prominent chemotherapy drugs [7]. Our study focused on addressing the core inquiries concerning the molecular
mechanisms underlying tumor resistance to various drugs. Specifically, our aim was to investigate the variations in the
expression of AkRs genes during the process of resistance development to docetaxel (DoX) using an experimental model of PC
cells.

Research methods and principles
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PC3 cells were cultured in RPMI-1640 medium at a temperature of 37C with a 5% CO2. To generate resistant cell
sublines, we employed a gradual increase in DoX concentration in the medium. Cells that survived at a DoX concentration of
10 nM were deemed resistant. We performed RNA extraction using the RNeasy Micro Kit (Qiagen) and library preparation
using the KAPA RNA HyperPrep Kit with RiboErase (Roche). Next-generation sequencing (NGS) was conducted on the
NextSeq 2000 instrument. Analysis of differential gene expression was carried out utilizing the edgeR in the R. To perform
reverse transcription, we utilized the Mint kit (Evrogen) and conducted quantitative polymerase chain reaction (QPCR) on the
Applied Biosystems 7500 instrument with three technical replicates. The HPRT1 gene was used for normalization. The relative
mRNA expression level for each comparison was determined using the dCT method. Statistical significance of gene expression
differences was assessed with a criterion of p<0,05.

Main results

The key findings related to the varying expression of AkRs genes in different experimental cell groups during DoX
treatment are summarized in Table 1. When comparing the DoX 4 nM and 10 nM groups, the results showed statistically
significant findings for the AKR1C2 and AKR1B10 genes. Importantly, the differential expression of AKR1C2 and AKR1B10
exhibited a remarkable increase in DoX resistant cells compared to cells treated with DoX initially. Specifically, AKR1C2
expression showed a 195-fold increase, while AKR1B10 expression showed a 10.63-fold increase. Furthermore, in the
comparison between resistant cells and the control group, the expression of AKR1C2 was enhanced by a 3.2-fold increase,
while AKR1B10 expression showed a 2.19-fold increase. Additionally, when comparing the DoX 8nM and DoX 10nM
experimental cell groups, there was a notable and statistically significant upregulation of AKR1B10 and AKR1C2 expression.
Notably, the differential expression of AKR1C2 showed a remarkable 10-fold increase in this comparison.

Table 1 - Summary results of AkRs genes differential expression across different experimental cell groups

DOI: https://doi.org/10.18454/jbg.2023.22.10.1

Gene Log2FC! FDR! Log2FC? FDR? Log2FC? FDR®
AKR7A3 0,84 1,0E+00 0,57 1,0E+00 0,81 1,0E+00
AKRIAI 0,05 1,0E+00 0,18 8,0E-01 0,35 4,7E-02
AKR7A2 0,28 8,2E-01 0,51 3,2E-02 0,85 3,0E-05
AKRI1BI 1,09 7,5E-02 2,26 7,0E-05 1,67 1,7E-03
AKRIBI0 1,13 3,3E-02 3,41 2,1E-08 1,66 6,5E-04
AKRIC3 0,3 1,0E+00 2,2 7,9E-06 0,9 8,5E-02
AKRIE2 0,66 1,0E+00 1,09 7,7E-01 0,7 1,0E+00
AKRIC2 1,67 3,1E-02 7,61 1,5E-07 3,34 5,4E-05
AKRICI 1,03 5,2E-02 2,51 1,5E-06 1,07 3,0E-02

Note: Log2FC — fold change in expression, binary logarithm; FDR - false discovery rate; 1- Control vs. DoX 10nM, 2 - 4nM
vs. DoX 10nM, 3-8nM vs. DoX 10nM

The evaluation focused on the changes in gene expression levels of AKR1IC2 and AKR1BI10 after being exposed to DoX
treatment. The findings demonstrated a significant rise in AKRI1C2 expression within the DoX 10 nM group, as compared to
both the DoX 4 nM group (p = 0.001) and the DoX 8 nM group (p = 0.002) (Fig. 1). In particular, the AKR1C2 expression in
the DoX 10nM group showed a significant 13.82-fold rise compared to the DoX 4nM group. Moreover, there was a notable
4.88-fold increase in AKR1C2 expression in the DoX 10nM group in comparison to the DoX 8nM group.
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Figure 1 - Boxplots of relative expression of AKR1C2 mRNA levels among different experimental groups
DOT: https://doi.org/10.18454/jbg.2023.22.10.2

Note: the y-axis represents the 2" values

Additionally, the findings demonstrated a notable increase in AKR1B10 expression within the DoX 10nM group when
compared to both the DoX 4nM group (p = 0.0002) and the DoX 8nM group (p = 0.02) (Fig. 2). In the DoX 10nM group, the
expression of AKR1B10 showed a significant 6.3-fold increase compared to the DoX 4nM group. Furthermore, a notable 1.84-
fold increase in AKR1B10 expression was observed in the DoX 10nM group compared to the DoX 8nM group.
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Figure 2 - Boxplots of relative expression of AKR1B10 mRNA levels among different experimental groups of cells
DOIL: https://doi.org/10.18454/jbg.2023.22.10.3
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As a result, qPCR was utilized to quantitatively examine AKRIC2 and AKRIBI0 gene transcripts, and it confirmed
significant differences between the groups under investigation. This further validated the findings obtained from NGS and
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demonstrated a noteworthy rise in the expression levels of two AkRs members, AKRIC2 and AKR1B10, during the progression
of DoX resistance in crPC.

Discussion

Reviewing the literature, it has been observed that the overexpression of the AKR1B10 gene is frequently found in
different tumor types and may be linked tothe disease [8]. Data from multiple studies have revealed connections between
elevated expression of this gene and the emergence of chemoresistance to therapeutic agents across various cancer types [7],
[14]. Numerous studies have discovered a correlation between heightened AKR1C2 gene expression and tumor resistance to
diverse chemotherapeutic treatments in glioblastoma, lung cancer, and breast cancer [10], [11], [12], [13]. Additionally, the
AKR1C2 gene plays a role in regulating steroid hormone ligands and receptors, potentially linking it to the advancement of
hormone-dependent cancers like breast cancer and PC [9]. The findings from this study align with previous literature and
highlight the potential significance of the AKR1C2 and AKR1B10 genes in the chemotherapy resistance to DoX in crPC. The
complete understanding of how these genes interact with each other is still unknown.

Conclusion

Chemotherapy resistance continues to be a major obstacle in the clinical use of these drugs. Uncovering potential
therapeutic targets involved in resistance could greatly enhance the efficacy of these agents and ultimately enhance patient
survival rates. In the study conducted on PC cells as a model, the researchers examined the differential gene expression of
AkRs during the development of resistance to the taxane drug, DoX. The expression levels of these genes have been found to
be higher in different tumor types, suggesting their potential involvement in chemoresistance. The study results indicate a
strong statistical correlation between the overexpression of two specific genes, AKR1C2 and AKR1B10, and the development
of resistance to DoX in PC3 cells.
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