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Objective: We aimed to study the expressions of miR-103a-3p and TRIM66 in prostate cancer (PCa) cells, explore the direct target genes of miR-103a-3p, and analyze the effects of miR-103a-3p targeted regulation of the TRIM66 axis on docetaxel (DTX) resistance and glycolysis of PCa cells.
Methods: Human normal prostate cells and PCa cells were used to detect the expressions of miR-103a-3p and TRIM66 and analyze their relationship. DTX-resistant (DR) PCa cells were established and transfected with miR-103a-3p and TRIM66 plasmids. The MTT assay, the plate cloning assay, the wound healing assay, and the Transwell assay were used to detect cell viability, colony formation, cell migration, and cell invasion, respectively. Cell glycolysis was analyzed using a cell glycolysis kit.
Results: The expression of miR-103a-3p was low and that of TRIM66 was high in PCa cells. MiR-103a-3p had a binding site with TRIM66, and the double luciferase report confirmed that they had a targeting relationship. Compared with the PCa group cells, the DTX-resistant group cells showed increased resistance to DTX. The resistance index was 13.33, and the doubling time of the DTX-resistant group cells was significantly longer than that of the PCa group cells. The DTX-resistant group showed more obvious low expression of miR-103a-3p and high expression of TRIM66. After the DTX-resistant group cells were transfected with miR-103a-3p and TRIM66 plasmids, the expression of miR-103a-3p increased significantly and that of TRIM66 decreased significantly. Upregulation of miR-103a-3p and interference with TRIM66 can inhibit the proliferation, metastasis, and glycolysis of DTX-resistant cells.
Conclusion: The expression of miR-103a-3p was downregulated and that of TRIM66 was upregulated in the malignant progression of PCa, especially during DTX resistance. Upregulation of miR-103a-3p and interference with TRIM66 can inhibit DTX resistance and glycolysis of PCa cells. Targeting TRIM66 may provide potential application value in molecular therapy for PCa.
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INTRODUCTION
Prostate cancer (PCa) is one of the fatal malignant tumors and has become the second leading cause of adult male death. According to the cancer statistics released by China in 2015, PCa accounted for about 2.4% of new cancers in men, including about 60,300 new cases and 26,600 deaths (Prendeville et al., 2017; Davidson et al., 2018). In 2018, PCa comprised about one-fifth of the total number of new cancers in American men, with a total of about 164,649 new cases and 29,430 deaths (Abouhashem and Salah, 2020). About one-third of cases experience disease recurrence, disease progression, or eventually develop into metastatic disease after initial treatment. Unfortunately, in patients with metastatic PCa, the 5-year survival rate decreased to 30%. Although there is increasing evidence that some patients with specific metastatic diseases may benefit from local treatment, such as radiotherapy and surgery (Zhou, 2018; Zupancic et al., 2020), androgen deprivation therapy (ADT) is still the main method for treatment of metastatic PCa (Lu et al., 2021). Cases with PCa and androgen deprivation treatment but still progressing will be diagnosed as castration-resistant PCa (CRPC) (Zhao et al., 2021).
Most metastatic PCa can be effectively treated with docetaxel (DTX). DTX is a drug clinically approved by the United States Food and Drug Administration for the treatment of various metastatic PCa, including androgen-independent PCa and CRPC (Hongo et al., 2021). However, as a first-line treatment for metastatic CRPC, DTX resistance is an important clinical problem. The newly developed new-generation chemotherapeutic drugs for the treatment of DTX-resistant PCa patients are often accompanied by hematotoxicity exceeding their benefits. Although DTX plays a role in the treatment of hormone-refractory PCa, DTX resistance can easily occur due to microtubule mutation and the activation of drug efflux pump after long-term treatment (Bello et al., 2021; Kobayashi et al., 2021). Therefore, studying the chemical resistance mechanism of DTX can improve the efficiency of chemotherapy. Aerobic glycolysis is mainly used by cells to provide energy and materials for their rapid growth, and glycolysis is closely related to the occurrence, development, and metastasis of malignant tumors (Shao et al., 2021). Therefore, the study of cellular glycolysis may be an important target for the treatment of malignant tumors.
MicroRNA (miRNA) is a non-coding RNA with a length of about 18.23 nt naturally generated in cells. It mainly regulates gene expression at the posttranscriptional level. It also inhibits the expression of target genes and affects the function of individual cells by binding to the 3’UTR untranslated region of its target gene messenger RNA (mRNA) (Mafi et al., 2021). However, there are only a few studies on the mechanism of drug resistance and glycolysis of miRNA in PCa. Studies have shown that miR-103a-3p plays a role in a variety of tumors (Huang et al., 2021; Li et al., 2021; Ma et al., 2021), but only a few studies in PCa exist, and its role in chemoresistance and glycolysis is unknown. Therefore, our study will clarify the genetic role of miR-103a-3p in PCa, screen and verify the target genes directly regulated by miR-103a-3p, and analyze the effects of miR-103a-3p regulating its target genes on DTX resistance and glycolysis in PCa, which will lay a certain foundation for the clinical diagnosis and treatment of miR-103a-3p in PCa.
MATERIALS AND METHODS
Material Science
For cells and plasmids, the PCa cell PC-3 was provided by the Cell Bank of the Typical Culture Preservation Center of the Chinese Academy of Sciences. Normal prostate epithelial cell RWPE-1 was provided by the American Type Culture Collection (ATCC). Plasmids overexpressing miR-103a-3p (miR-103a-3p mimic) and TRIM66 interference (si-TRIM66) and their negative controls (mimic-NC and si-NC, respectively) were designed and constructed by the Shanghai Jima Company (Shanghai, China). The cell culture medium (RPMI 1640), fetal bovine serum (FBS), double antibody, defined keratinocyte serum-free medium (K-SFM), RNA extraction kit, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) kit, and the protein extraction kit were all provided by Kaiji Biology Company. The glucose and lactic acid kits were provided by Lyle Biotech. Transwell cell was purchased from Beijing Mengzhuang Technology Co., Ltd. (Beijing, China) and Lipofectamine 3000 was from Life Technologies (Carlsbad, CA, USA).
METHODS
Cell Culture
PC-3 cells were cultured in RPMI medium containing 10% FBS and 1% double antibody (100%) × penicillin streptomycin solution. Before cell subculture, cell growth was observed under an inverted microscope. Subculture was performed when the cell density reached 80%–90% (do not subculture if the cell state is poor). The normal prostatic epithelial cell RWPE-1 was subcultured in a medium containing 5 ng/ml epidermal growth factor, 50 mg/ml bovine pituitary extract, and 1 × K-SFM cell culture medium of antibiotics in 5% CO2 at 37°C.
Target Gene Prediction
Based on the research strategy for miRNA, we screened TRIM66 as the downstream target gene of miR-103a-3p by combining literature search and prediction using the biology website starBase (https://starbase.sysu.edu.cn).
Real-Time Fluorescence Quantitative PCR
A certain amount of Trizol solution was added to PC-3 cells to extract total RNA from the cells. An enzyme-free Eppendorf (EP) tube and gun head and a high-precision pipette gun, among others, were used to extract RNA. Seventy-five percent ethanol solution [anhydrous ethanol and diethylpyrocarbonate (DEPC) water, 3:1] and isopropanol were pre-cooled in advance. The cells were transferred to the enzyme-free EP tube, an appropriate amount of chloroform was added, allowed to stand for 15 min, and then centrifuged. The following parameters were set: 4°C, 12,000 rpm, centrifugation for 20 min. The EP tube was taken out and the upper aqueous phase was sucked out. The volume of the supernatant was calculated and an equal volume of pre-cooled isopropanol was added. After shaking briefly on the oscillator, centrifugation was again done at 4°C, 12,000 rpm, for 15 min, the supernatant was discarded, 1 ml 75% ethanol solution was added, re-centrifuged, and the supernatant discarded. A white RNA precipitation can be seen at the bottom of the EP tube. Of the RNA sample, 2 µl was taken and a spectrophotometer was used to detect the optical density, OD260/280. A value between 1.9 and 2.0 denotes high RNA purity and can then be used for subsequent experiments. The remaining RNA was labeled and stored at −80°C and the RNA reverse transcribed into complementary DNA (cDNA). The primers were purchased from Shanghai Gemma Company (Shanghai, China) and the reverse transcription kit purchased from Thermo company. Performed according to the user guide in the fluorescence quantitative kit, U6 and GAPDH were taken as the internal parameters and the relative contents of miR-103a-3p and TRIM66 between PC-3 and RWPE-1 calculated with the 2−ΔΔCT method (Wang G et al., 2021). The primer sequences are shown in Table 1.
TABLE 1 | qRT-PCR primers
[image: Table 1]Dual Luciferase Assay
According to the binding site between miR-103a-3p and TRIM66 predicted using starBase (https://starbase.sysu.edu.cn), the wild-type TRIM66 (TRIM66-WT) plasmid and mutant TRIM66 (TRIM66-MUT) plasmid were established. The experiment was carried out with small and medium plasmid extraction kits purchased from Tiangen Biochemical Technology (Beijing, China) according to the manufacturer’s instructions and the plasmid solution collected into a centrifuge tube until further use. The state and growth of PC-3 cells were observed. Better quality cells were co-transfected with the miR-103a-3p mimic, mimic-NC, TRIM66-WT, and TRIM66-MUT in 24-well plates. The complete medium was replaced 4–6 h after transfection. The luciferase value could be detected 48 h later. The obtained value is the luciferase value of firefly. Immediately after detection, 50 µl stop solution was added, blown evenly, and the machine for detection immediately started. The obtained value is the luciferase value of Haishen. Results were obtained by dividing the luciferase value of sea kidney by the luciferase value of firefly.
Induction of DTX-resistant Cells
DTX-resistant PCa strains were induced by gradually increasing the concentration of DTX. The initial concentration of DTX was 0.008 µg/L. After continuous culture in vitro for 14 months, the drug-resistant strain grew stably to a final concentration of 5 µg/L DTX. DTX-resistant cells were successfully induced.
The Drug Resistance of DTX-resistant Cells Was Detected by MTT
PCa and DTX-resistant cells in the logarithmic growth stage were inoculated on 96-well plates with an inoculation density of 2 × 104 wells. After cell adherence to the wall and growth, different concentrations of DTX were added. The final concentrations of DTX were 100, 50, 20, 10, 5, 2, and 1 µg/L. Three multiple holes were set up for each group of data. After 72 h of drug co-culture, 2 mg/ml MTT 50 µl was added to each well and placed in an incubator at 5% CO2 and 37°C for 4 h. The culture medium was discarded by turning the plate, 150 µl DMSO was added to each well, and then placed in an incubator at 5% CO2 and 37°C for 30 min. The absorbance value (OD value) of each hole was measured at 570 nm wavelength of the microplate reader, and the cell survival rate was calculated as follows: [survival rate = (OD value of experimental group/OD value of control group) × 100%]. Taking the drug concentration as the horizontal axis, a concentration utility curve was drawn to determine the half-maximal inhibitory concentration (IC50). The drug resistance index was calculated as follows: IR = IC50 of DTX-resistant cells/IC50 of PCa cells.
Drawing of the Cell Growth Curve
Logarithmic PCa and DTX-resistant cells were digested by trypsin to prepare 2 × 104 cells/ml suspension, which was inoculated on 24-well plates at 1 ml/well. The cells were counted on days 1, 3, 5, and 7 after inoculation, and three wells were counted each time to draw the growth curve.
DTX-resistant Cell Transfection and Grouping
DTX-resistant cells in the logarithmic growth stage with cell density of about 70%–80% were transfected with Lipofectamine 3000; the miR-103a-3p mimic, si-TRIM66, mimic-NC, and si-NC were also transfected. The following groups were classified: PCa group (no transfection); DTX-resistant group (no transfection); DTX-resistant + mimic-NC group (DTX-resistant group transfected with the miR-103a-3p mimic, negative control); DTX-resistant + miR-103a-3p mimic group (DTX-resistant group transfected with the miR-103a-3p mimic); DTX-resistant + si-NC group (DTX-resistant group with TRIM66 interference, negative control); and DTX-resistant + si-TRIM66 group (DTX-resistant group with TRIM66 interference). Quantitative real-time PCR (qRT-PCR) was used to detect the expressions of miR-103a-3p and TRIM66 in each group.
The Colony Forming Ability of DTX-resistant Cells Was Detected by Cell Cloning Assay
Transfected cells were cultured in a Petri dish with a density of 6 × 102 cells/dish. Cell fluid exchange was performed at 3–4 days and the progress of cell mass size was observed. After the cell mass size reached 50 cells/mass, fixation and staining were performed. For cell fixation, the culture medium was sucked out of the orifice plate, PBS was added, and washing was done two or three times. After sucking out PBS, methanol was added at 500 µl and fixed at room temperature for 15 min. Methanol was then sucked out and 500 µl crystal violet was added for 20 min at room temperature. Then, crystal violet was sucked out, PBS was added, and washing was performed two or three times. Spare photos were kept for further analysis of the results. The number of colonies with more than 50 cells was directly calculated by naked eye or counted using a low-power microscope.
The Migration Ability of DTX-resistant Cells Was Detected by Wound Healing Experiment
The transfected cells of each group were cultured in a Petri dish. When the cell growth density was fused, the cells of each group were scratched along the scale with a 10-µl sterile gun head on an ultra-clean workbench, and then the scratched off-wall floating cells were gently washed with sterile PBS. After 0-h scratch photography, 1% blood serum fresh culture medium was added. After 24 h, the scratch healing rate was calculated as the ratio of the difference between the scratched area at 0 and 24 h to the scratch area at 0 h. The scratch healing rate was calculated to understand the migration and repair of cells in each group.
The Invasion Ability of DTX-resistant Cells Was Detected by the Transwell Assay
Cells in good growth condition were selected and placed in 24-well plates on an ultra-clean sterile worktable, 500 µl of complete culture medium was added into the wells, and then the wells placed in the Transwell chamber with matrix glue evenly spread on the upper layer. After cell digestion, the cells were resuspended in serum-free medium, the final cell density was adjusted to 1 × 105/100 µl, and the cells added into the Transwell chamber. The 24-well plates were placed into the carbon dioxide cell incubator and cultured for 24 h. After cell culture in the Transwell chamber for 24 h, the chamber was taken out and the non-adherent cells in the lower layer of the chamber gently washed away with PBS solution. The cells in the upper layer of the chamber that did not migrate to the lower layer were then gently wiped off with a big cotton swab, placed into the chamber in a 24-well plate containing 500 µl methanol for 15 min, and then the cells transferred into a 24-well plate containing 500 µl crystal violet for staining for 20 min. Finally, the cells were taken out, placed in PBS solution to gently wash away the crystal violet that did not combine with cells, and the residual cells and crystal violet on the upper layer of the cell were again wiped off with a cotton swab. The cells were placed upside down on a super clean sterile workbench, the cells allowed to dry, and then the collected cells placed in a new 24-well plate for photos. Five different visual fields were randomly selected from each chamber to calculate the number of cells passing through.
Detection of Glycolysis
After cell transfection, the culture medium was collected and the cell fragments discarded by centrifugation. The levels of glucose and lactic acid in the culture medium were calculated; together with the cell count, the background value of the culture medium was subtracted from the obtained glucose and lactic acid contents and divided by the number of corresponding cells to obtain the sugar consumption and lactic acid production of each cell. The results were expressed in relative multiples, with the cells in the control group used as the standard.
Statistical Methods
SPSS 19.0 statistical software was used for analysis of the data. Measurement data were expressed as the mean ± SD, and measurement data subject to normal distribution were compared between two groups using t-test and paired t-test. A p < 0.05 indicated that the difference was statistically significant.
RESULTS
Expressions of miR-103a-3p and TRIM66 in PCa Cells
The expressions of miR-103a-3p and TRIM66 in PCa cells were examined in the human normal prostate epithelial cells RWPE-1 and the PCa cell PC-3 using qRT-PCR. The results showed that, compared with RWPE-1 cells, the expression of miR-103a-3p (0.39 ± 0.05) was lower and that of TRIM66 (3.21 ± 0.19) was higher in the PCa cell PC-3 (p < 0.05), as shown in Figures 1A, B. This suggests that miR-103a-3p and TRIM66 may be involved in the progression of PCa.
[image: Figure 1]FIGURE 1 | Expressions of miR-103a-3p and TRIM66 in prostate cancer (PCa) cells. *p < 0.05 (compared with RWPE-1).
Relationship Between miR-103a-3p and TRIM66
Based on the research strategy for miRNA, we screened TRIM66 as the downstream target gene of miR-103a-3p by combining literature search and prediction on the biology website starBase (https://starbase.sysu.edu.cn). In order to verify the relationship between miR-103a-3p and TRIM66, we performed a dual luciferase reporter assay. The results showed that the luciferase activity of TRIM66-WT transfected with the miR-103a-3p mimic decreased (0.43 ± 0.06, p < 0.05), while that of TRIM66-MUT transfected with the miR-103a-3p mimic did not change significantly (0.96 ± 0.10, p > 0.05), as shown in Figures 2A, B. This suggests that there is a targeting relationship between miR-103a-3p and TRIM66.
[image: Figure 2]FIGURE 2 | Relationship between miR-103a-3p and TRIM66. *p < 0.05 (compared with mimic-NC). Source for (A): https://starbase.sysu.edu.cn.
Drug Resistance Characteristics and Growth Curve of DTX-resistant Cells
In order to investigate the relationship between miR-103a-3p, TRIM66, and DTX resistance in PCa, DTX-resistant cells were established. By detecting the drug resistance of DTX-resistant cells, it was found that, compared with cells in the PCa group, those in the DTX-resistant group showed increased resistance to DTX. The drug resistance index was 13.33, and the doubling time of the DTX-resistant group cells was significantly longer than that of the PCa group cells (p < 0.05), as shown in Figures 3A, B. As for the relationship between the tumor doubling time and the efficacy of chemotherapy, it is considered that the shorter the tumor doubling time, the more sensitive to chemotherapy drugs and the better the efficacy. On the contrary, the longer the doubling time of the tumor, the lower the sensitivity to chemotherapeutic drugs (Han et al., 2010). Therefore, the results suggest that DTX-resistant cells were successfully induced.
[image: Figure 3]FIGURE 3 | Drug resistance characteristics and growth curve of DTX-resistant cells. *p < 0.05 [compared with the prostate cancer (PCa) group].
Expressions of miR-103a-3p and TRIM66 in DTX-resistant Cells
The expressions of miR-103a-3p and TRIM66 in DTX-resistant cells were detected in the PCa group and DTX-resistant group cells by qRT PCR. The results showed that the expression of miR-103a-3p (0.62 ± 0.07) was lower and that of TRIM66 (1.98 ± 0.21) was higher in the DTX-resistant group than in the PCa group (p < 0.05), as shown in Figures 4A, B. This suggests that miR-103a-3p and TRIM66 may be involved in the occurrence of DTX resistance.
[image: Figure 4]FIGURE 4 | Expressions of miR-103a-3p and TRIM66 in DTX-resistant cells.
Expressions of miR-103a-3p and TRIM66 in DTX-resistant Cells After Transfection
In order to investigate the effects of miR-103a-3p and TRIM66 on DTX resistance, we regulated their expressions in DTX-resistant cells. qRT-PCR showed that there was no significant difference in the expressions of miR-103a-3p between the DTX-resistant group and the DTX-resistant + mimic-NC group (p > 0.05). After overexpression of miR-103a-3p, it (3.31 ± 0.25) increased significantly in the DTX-resistant + miR-103a-3p mimic group (p < 0.05). There was no significant difference in the expression of TRIM66 between the DTX-resistant group and DTX-resistant + si-NC group (p > 0.05). After interference with TRIM66, the expression of TRIM66 (0.41 ± 0.06) decreased significantly in the DTX-resistant + si-TRIM66 group (p < 0.05), as shown in Figures 5A, B. This suggests that the transfection regulation of DTX-resistant cells was successful. We also found that TRIM66 (0.54 ± 0.06) decreased in the DTX-resistant + miR-103a-3p mimic group compared with the DTX-resistant + mimic-NC group (p < 0.05; Figure 5C). The binding sites and targeting relationship between miR-103a-3p and TRIM66 indicated that both can target and regulate the expression of TRIM66.
[image: Figure 5]FIGURE 5 | Expressions of miR-103a-3p and TRIM66 in DTX-resistant cells after transfection. *p < 0.05 (compared with the DTX-resistant + mimic-NC group); #p < 0.05 (compared with the DTX-resistant + si-NC group).
Effects of the Upregulation of miR-103a-3p and Interference With TRIM66 on the Colony Formation of DTX-resistant Cells
The cell cloning test was used to examine the effect of the upregulation of miR-103a-3p and interference with TRIM66 on the colony formation of DTX-resistant cells. The results showed that there was no significant difference in the number of cell colonies between the DTX-resistant group, DTX-resistant + mimic-NC group, and the DTX-resistant + si-NC group (p > 0.05). After overexpression of miR-103a-3p and interference with TRIM66, the colony formation of the DTX-resistant + miR-103a-3p-mimic group (225.17 ± 21.14) and the DTX-resistant + si-TRIM66 group (220.84 ± 20.68) decreased relatively (p < 0.05; Figure 6). This suggests that the upregulation of miR-103a-3p and interference with TRIM66 can inhibit the colony formation of DTX-resistant cells.
[image: Figure 6]FIGURE 6 | Effect of the upregulation of miR-103a-3p and interference with TRIM66 on the colony formation of DTX-resistant cells. *p < 0.05 (compared with the DTX-resistant + mimic-NC group); #p < 0.05 (compared with the DTX-resistant + si-NC group).
Effects of the Upregulation of miR-103a-3p and Interference With TRIM66 on DTX-resistant Cell Metastasis
The wound healing assay and Transwell test were utilized to investigate the effects of the upregulation of miR-103a-3p and interference with TRIM66 on DTX-resistant cell metastasis. The results showed that there was no significant difference in cell migration and the number of invasive cells between the DTX-resistant group, DTX-resistant + mimic-NC group, and the DTX-resistant + si-NC group (p > 0.05). After overexpression of miR-103a-3p and interference with TRIM66, the cell migration ability and the number of invasive cells decreased significantly in the DTX-resistant + miR-103a-3p mimic group (49.38 ± 6.48 and 59.46 ± 9.22, respectively) and the DTX-resistant + si-TRIM66 group (36.49 ± 6.59 and 46.31 ± 8.34, respectively, p < 0.05), as shown in Figures 7A, B. This suggests that the upregulation of miR-103a-3p and interference with TRIM66 can inhibit DTX-resistant cell metastasis.
[image: Figure 7]FIGURE 7 | Effect of the upregulation of miR-103a-3p and interference with TRIM66 on DTX-resistant cell metastasis (×100). *p < 0.05 (compared with the DTX-resistant + mimic NC group); #p < 0.05 (compared with the DTX-resistant + si-NC group).
Effects of miR-103a-3p and TRIM66 on the Glycolysis of DTX-resistantDTX-resistant Cells
In order to examine the effects of the upregulation of miR-103a-3p and interference with TRIM66 on the glycolysis of DTX-resistant cells, we used a glycolysis kit for related detection. The results showed that there was no significant difference in glucose consumption and lactate production between the DTX-resistant group, the DTX-resistant + mimic-NC group, and the DTX-resistant + si-NC group (p > 0.05). After overexpression of miR-103a-3p and interference with TRIM66, glucose consumption and lactate production decreased in the DTX-resistant + miR-103a-3p mimic group (0.48 ± 0.05 and 0.57 ± 0.08, respectively) and the DTX-resistant + si-TRIM66 group (0.36 ± 0.04 and 0.49 ± 0.06, respectively, p < 0.05), as shown in Figures 8A, B. This suggests that the upregulation of miR-103a-3p and interference with TRIM66 can inhibit the glycolysis of DTX-resistant cells.
[image: Figure 8]FIGURE 8 | Effect of the upregulation of miR-103a-3p and interference with TRIM66 on the glycolysis of DTX-resistant cells.
DISCUSSION
PCa is a common complex disease with multiple etiologies. It is a common tumor threatening men’s health. In China, with the aging of the population, the incidence rate of PCa has been increasing year by year. It has become one of the major threats to the health of Chinese men (Raittinen et al., 2020). In recent years, with the discovery of miRNA, there have been great changes in the classical molecular biology theory. People now have a new understanding of the mechanisms of occurrence and development of malignant tumors. In this process, miRNA has brought a new dawn to PCa research with its important diagnostic and therapeutic value.
Mature miRNA binds to the target gene mRNA through nucleic acid sequence complementarity in order to inhibit the translation of the target gene mRNA or degrade it. Its function involves cell differentiation, proliferation, apoptosis, invasion, and metastasis (Qiu et al., 2021). Some scholars have studied the distribution and biological function of miRNA in mammals and found that it is involved in almost all life processes of organisms, including development events, epidermal morphogenesis, cell differentiation, enzyme activity, hormone secretion, and other regulation processes (Corrêa et al., 2021). Recent studies have shown that tumor tissues have different miRNA expression profiles compared with normal tissues. Comparison and analysis of the abnormal expression of miRNA can help to better understand the diagnosis, treatment, and prognosis of tumors. Therefore, the study of abnormal miRNA expression in PCa can help to discover important miRNA molecules, explain the mechanisms of occurrence and development of PCa, and explore its potential as a therapeutic target for new drugs.
Many studies have reported that miRNAs can target and regulate the expressions of a variety of proto-oncogenes in PCa so as to inhibit its progression, including miR-200b, miR-145, miR-224, and miR-218 (Gurbuz et al., 2021; Zabegina et al., 2021; Chen et al., 2018; Tian et al., 2020). Recent reports have indicated that miR-103 inhibits tumor cell proliferation in PCa by targeting programmed cell death protein 10 (PDCD10), while miR-103a-3p is also low in bladder cancer (Fu et al., 2016; Zhong et al., 2016). On the contrary, other studies have shown that miR-103a-3p is the proto-oncogene of many cancers, which is higher in gastric cancer, breast cancer, and ovarian cancer (Chang et al., 2016; Niu et al., 2019; Wang et al., 2021). In addition, studies have shown that miR-103a-3p is a prognostic biomarker for colon cancer and pleural mesothelioma (Caritg et al., 2016; Cavalleri et al., 2017). These often contrasting results show that the gene fDunction effects of miR-103a-3p in different cancers are usually different. Many reports have found and defined the expression profiles of disease-specific miRNAs in different tumors.
miR-103a and miR-103 are highly homologous, while miR-103a-3p is processed from the 3′-end arm of the miR-103a precursor. Our study found that the relative expression of miR-103a-3p in PCa cells was lower than that in normal prostate cells. This indicates that miR-103a-3p may be involved in the progression of PCa. Through literature search and the starBase website (https://starbase.sysu.edu.cn), we screened the target regulated by miR-103a-3p. We found that TRIM66 was highly expressed in PCa cells. This suggests that TRIM66 may be a pro-oncogene that promotes the malignant progression of PCa. In recent years, with further studies on the mechanism of chemotherapeutic drugs, chemotherapy has become one of the main methods for the clinical treatment of PCa. DTX is a taxane drug. As a first-line chemotherapy drug for the treatment of metastatic castration-resistant PCa, DTX has good clinical efficacy (Wang et al., 2020). However, after DTX treatment, about 95% of patients develop DTX resistance. Chemoresistance is inevitable in tumors that involves a variety of mechanisms, such as reducing the drug concentration of cells, increasing the cell metabolism of drug detoxification proteins, activating the survival signaling pathway, and inhibiting apoptosis (Bodzioch et al., 2021). Therefore, it is of great significance to discover new molecular targets and possible mechanisms of DTX resistance.
In further experimental studies, we established DTX-resistant cells and analyzed the low expression of miR-103a-3p and the high expression of TRIM66 in these cells, the results of which suggest that miR-103a-3p and TRIM66 may be involved in the DTX resistance of PCa. The overexpression of miR-103a-3p was found to inhibit the colony formation, migration, and invasion of DTX-resistantD cells, showing that miR-103a-3p may play the role of a tumor suppressor gene in PCa and reduce DTX resistance. It was found that the expression of TRIM66 in DTX-resistant cells decreased after the overexpression of miR-103a-3p. In addition, after interference with TRIM66, we found that TRIM66 could also inhibit DTX-resistant cells. Previous studies have shown that TRIM66 has an effect on the response to DTX resistance, which is consistent with our results that interference with TRIM66 can consistently inhibit DTX-resistant cell colony formation, migration, and invasion and that miR-103a-3p may inhibit DTX resistance and the biological behavior of cells by targeting TRIM66.
The energy metabolism of malignant tumor cells is also one of the preface and hot spots of current research, but there are still several unexplained mechanisms. Exploring new molecular targets and signal pathways is of great significance for tumor prevention and treatment. Malignant tumor cells mainly use aerobic glycolysis instead of oxidative phosphorylation of normal tissues for glucose metabolism (Warburg effect, discovered by Nobel laureate Warburg in 1920) (Guo et al., 2021). Compared with oxidative phosphorylation, glycolysis is a relatively low-productivity and low-efficiency process, but tumor cells can still quickly obtain energy ATP and growth material to supply their vigorous growth needs (Benny et al., 2020). In our study, it was also found that, after overexpression of miR-103a-3p and interference with TRIM66, the glucose consumption and lactate production of DTX-resistant cells were significantly reduced, significantly inhibiting the glycolytic flow of cells, which would slow down the growth of cancer cells and inhibit tumor.
CONCLUSION
In conclusion, the expression of miR-103a-3p was downregulated and that of TRIM66 was upregulated in the malignant progression of PCa, and its expression was more obvious in DTX resistance. Upregulation of miR-103a-3p and interference with TRIM66 can inhibit DTX resistance and the glycolysis of PCa cells. Targeting TRIM66 may provide potential application value in molecular therapy for PCa.
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.
AUTHOR CONTRIBUTIONS
QY was mainly responsible for designing the experiments and writing the article. JW and YL were mainly responsible for performing the experiments and analyzing the data. All authors contributed to the article and approved the submitted version.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2021.813793/full#supplementary-material
REFERENCES
 Abouhashem, N. S., and Salah, S. (2020). Differential Expression of NKX 3.1 and HOXB 13 in Bone Metastases Originating from Prostatic Carcinoma Among the Egyptian Males. Pathol. - Res. Pract. 216, 153221. doi:10.1016/j.prp.2020.153221
 Bello, T., Paindelli, C., Diaz-Gomez, L. A., Melchiorri, A., Mikos, A. G., Nelson, P. S., et al. (2021). Computational Modeling Identifies Multitargeted Kinase Inhibitors as Effective Therapies for Metastatic, Castration-Resistant Prostate Cancer. Proc. Natl. Acad. Sci. USA 118, e2103623118. doi:10.1073/pnas.2103623118
 Benny, S., Mishra, R., Manojkumar, M. K., and Aneesh, T. P. (2020). From Warburg Effect to Reverse Warburg Effect; the New Horizons of Anti-cancer Therapy. Med. Hypotheses 144, 110216. doi:10.1016/j.mehy.2020.110216
 Bodzioch, M., Bajger, P., and Foryś, U. (2021). Angiogenesis and Chemotherapy Resistance: Optimizing Chemotherapy Scheduling Using Mathematical Modeling. J. Cancer Res. Clin. Oncol. 147, 2281–2299. doi:10.1007/s00432-021-03657-9
 Caritg, O., Navarro, A., Moreno, I., Martínez-Rodenas, F., Cordeiro, A., Muñoz, C., et al. (2016). Identifying High-Risk Stage II Colon Cancer Patients: A Three-MicroRNA-Based Score as a Prognostic Biomarker. Clin. Colorectal Cancer 15, e175–e182. doi:10.1016/j.clcc.2016.04.008
 Cavalleri, T., Angelici, L., Favero, C., Dioni, L., Mensi, C., Bareggi, C., et al. (2017). Plasmatic Extracellular Vesicle microRNAs in Malignant Pleural Mesothelioma and Asbestos-Exposed Subjects Suggest a 2-miRNA Signature as Potential Biomarker of Disease. PLoS One 12, e0176680. doi:10.1371/journal.pone.0176680
 Chang, J. T.-H., Wang, F., Chapin, W., and Huang, R. S. (2016). Identification of MicroRNAs as Breast Cancer Prognosis Markers through the Cancer Genome Atlas. PLoS One 11, e0168284. doi:10.1371/journal.pone.0168284
 Chen, C.-h., Li, S.-x., Xiang, L.-x., Mu, H.-q., Wang, S.-b., and Yu, K.-y. (2018). HIF-1α Induces Immune Escape of Prostate Cancer by Regulating NCR1/NKp46 Signaling through miR-224. Biochem. Biophysical Res. Commun. 503, 228–234. doi:10.1016/j.bbrc.2018.06.007
 Corrêa, S., Lopes, F. P., Panis, C., Basili, T., Binato, R., and Abdelhay, E. (2021). miRNome Profiling Reveals Shared Features in Breast Cancer Subtypes and Highlights miRNAs that Potentially Regulate MYB and EZH2 Expression. Front. Oncol. 11, 710919. doi:10.3389/fonc.2021.710919
 Davidsson, S., Andren, O., Ohlson, A.-L., Carlsson, J., Andersson, S.-O., Giunchi, F., et al. (2018). FOXP3+ Regulatory T Cells in normal Prostate Tissue, Postatrophic Hyperplasia, Prostatic Intraepithelial Neoplasia, and Tumor Histological Lesions in Men with and without Prostate Cancer. Prostate 78, 40–47. doi:10.1002/pros.23442
 Fu, X., Zhang, W., Su, Y., Lu, L., Wang, D., and Wang, H. (2016). MicroRNA-103 Suppresses Tumor Cell Proliferation by Targeting PDCD10 in Prostate Cancer. Prostate 76, 543–551. doi:10.1002/pros.23143
 Guo, X.-H., Jiang, S.-S., Zhang, L.-L., Hu, J., Edelbek, D., Feng, Y.-Q., et al. (2021). Berberine Exerts its Antineoplastic Effects by Reversing the Warburg Effect via Downregulation of the Akt/mTOR/GLUT1 Signaling Pathway. Oncol. Rep. 46, 253. doi:10.3892/or.2021.8204
 Gurbuz, V., Sozen, S., Bilen, C., and Konac, E. (2021). miR-148a, miR-152 and miR-200b P-romote P-rostate C-ancer M-etastasis by T-argeting DNMT1 and PTEN E-xpression. Oncol. Lett. 22, 805. doi:10.3892/ol.2021.13066
 Han, L. Y., Karavasilis, V., Hagen, T. v., Nicum, S., Thomas, K., Harrison, M., et al. (2010). Doubling Time of Serum CA125 Is an Independent Prognostic Factor for Survival in Patients with Ovarian Cancer Relapsing after First-Line Chemotherapy. Eur. J. Cancer 46, 1359–1364. doi:10.1016/j.ejca.2010.02.012
 Hongo, H., Kosaka, T., Suzuki, Y., and Oya, M. (2021). Discovery of a New Candidate Drug to Overcome Cabazitaxel-Resistant Gene Signature in Castration-Resistant Prostate Cancer by In Silico Screening. Prostate Cancer Prostatic Dis. 30. doi:10.1038/s41391-021-00426-0
 Huang, J., Lin, F., Xu, C., and Xu, Y. (2021). LINC00662 Facilitates Osteosarcoma Progression via Sponging miR‐103a‐3p and Regulating SIK2 Expression. J. Tissue Eng. Regen. Med. 15, 1082–1091. doi:10.1002/term.3242
 Kobayashi, H., Shiota, M., Sato, N., Kobayashi, S., Matsumoto, T., Monji, K., et al. (2021). Differential Prognostic Impact of Complete Blood Count-Related Parameters by Prior Use of Novel Androgen Receptor Pathway Inhibitors in Docetaxel-Treated Castration-Resistant Prostate Cancer Patients. Anticancer Drugs 33, e541–e547. doi:10.1097/CAD.0000000000001170
 Li, H., Huhe, M., and Lou, J. (2021). MicroRNA-103a-3p Promotes Cell Proliferation and Invasion in Non-small-cell Lung Cancer Cells through Akt Pathway by Targeting PTEN. Biomed. Res. Int. 2021, 1–10. doi:10.1155/2021/7590976
 Lu, X., Gao, W., Zhang, Y., Wang, T., Gao, H., Chen, Q., et al. (2021). Case Report: Systemic Treatment and Serial Genomic Sequencing of Metastatic Prostate Adenocarcinoma Progressing to Small Cell Carcinoma. Front. Oncol. 11, 732071. doi:10.3389/fonc.2021.732071
 Ma, G., Chen, J., Wei, T., Wang, J., and Chen, W. (2021). Inhibiting Roles of FOXA2 in Liver Cancer Cell Migration and Invasion by Transcriptionally Suppressing microRNA-103a-3p and Activating the GREM2/LATS2/YAP axis. Cytotechnology 73, 523–537. doi:10.1007/s10616-021-00475-2
 Mafi, A., Yadegar, N., Salami, M., Salami, R., Vakili, O., and Aghadavod, E. (2021). Circular RNAs; Powerful microRNA Sponges to Overcome Diabetic Nephropathy. Pathol. - Res. Pract. 227, 153618. doi:10.1016/j.prp.2021.153618
 Niu, Y., Zhang, J., Tong, Y., Li, J., and Liu, B. (2019). Physcion 8-O-β-Glucopyranoside Induced Ferroptosis via Regulating miR-103a-3p/GLS2 axis in Gastric Cancer. Life Sci. 237, 116893. doi:10.1016/j.lfs.2019.116893
 Prendeville, S., Al-Bozom, I., Compérat, E., Sweet, J., Evans, A. J., Ben-Gashir, M., et al. (2017). Prostate Carcinoma with Amphicrine Features: Further Refining the Spectrum of Neuroendocrine Differentiation in Tumours of Primary Prostatic Origin?Histopathology 71, 926–933. doi:10.1111/his.13330
 Qiu, K., Song, Y., Rao, Y., Liu, Q., Cheng, D., Pang, W., et al. (2021). Diagnostic and Prognostic Value of MicroRNAs in Metastasis and Recurrence of Head and Neck Squamous Cell Carcinoma: A Systematic Review and Meta-Analysis. Front. Oncol. 11, 711171. doi:10.3389/fonc.2021.711171
 Raittinen, P., Niemistö, K., Pennanen, E., Syvälä, H., Auriola, S., Riikonen, J., et al. (2020). Circulatory and Prostatic Tissue Lipidomic Profiles Shifts after High-Dose Atorvastatin Use in Men with Prostate Cancer. Sci. Rep. 10, 12016. doi:10.1038/s41598-020-68868-5
 Shao, D., Gao, Q., Cheng, Y., Du, D. Y., Wang, S. Y., and Wang, S. X. (2021). Prognostic Value of 18F-Fluorodeoxyglucose PET/CT in the Initial Assessment of Primary Tracheal Malignant Tumor: A Retrospective Study. Korean J. Radiol. 22, 425–434. doi:10.3348/kjr.2020.0211
 Tian, J., Zhang, H., Mu, L., Wang, M., Li, X., Zhang, X., et al. (2020). The miR-218/GAB2 axis Regulates Proliferation, Invasion and EMT via the PI3K/AKT/GSK-3β Pathway in Prostate Cancer. Exp. Cel Res. 394, 112128. doi:10.1016/j.yexcr.2020.112128
 Wang, G., Huang, Y., Xie, F., Cheng, X., Chi, J., Lei, Y., et al. (2021). LncRNA MEG3 Promotes Endoplasmic Reticulum Stress and Suppresses Proliferation and Invasion of Colorectal Carcinoma Cells through the MEG3/miR-103a-3p/PDHB ceRNA Pathway. neo 68, 362–374. doi:10.4149/neo_2020_200813N858
 Wang, S., Gao, G., He, Y., Li, Q., Li, Z., and Tong, G. (2021). Amidation-Modified Apelin-13 Regulates PPARγ and Perilipin to Inhibit Adipogenic Differentiation and Promote Lipolysis. Bioinorganic Chem. Appl. 2021, 1–9. doi:10.1155/2021/3594630
 Wang, Y., Huang, Z., Chen, C. Z., Liu, C., Evans, C. P., Gao, A. C., et al. (2020). Therapeutic Targeting of MDR1 Expression by RORγ Antagonists Resensitizes Cross-Resistant CRPC to Taxane via Coordinated Induction of Cell Death Programs. Mol. Cancer Ther. 19, 364–374. doi:10.1158/1535-7163.MCT-19-0327
 Zabegina, L., Nazarova, I., Nikiforova, N., Slyusarenko, M., Sidina, E., Knyazeva, M., et al. (2021). A New Approach for Prostate Cancer Diagnosis by miRNA Profiling of Prostate-Derived Plasma Small Extracellular Vesicles. Cells 10, 2372. doi:10.3390/cells10092372
 Zhao, Y.-x., Yao, G.-l., Sun, J., Wang, X.-l., Wang, Y., Cai, Q.-q., et al. (2021). Nomogram Incorporating Contrast-Enhanced Ultrasonography Predicting Time to the Development of Castration-Resistant Prostate Cancer. Clin. Med. Insights Oncol. 15, 117955492110497. doi:10.1177/11795549211049750
 Zhong, Z., Lv, M., and Chen, J. (2016). Screening Differential Circular RNA Expression Profiles Reveals the Regulatory Role of circTCF25-miR-103a-3p/miR-107-CDK6 Pathway in Bladder Carcinoma. Sci. Rep. 6, 30919. doi:10.1038/srep30919
 Zhou, M. (2018). High-grade Prostatic Intraepithelial Neoplasia, PIN-like Carcinoma, Ductal Carcinoma, and Intraductal Carcinoma of the Prostate. Mod. Pathol. 31, 71–79. doi:10.1038/modpathol.2017.138
 Zupancic, M., Pospihalj, B., Cerovic, S., Gazic, B., Drev, P., Hocevar, M., et al. (2020). Significance of Nuclear Factor - Kappa Beta Activation on Prostate Needle Biopsy Samples in the Evaluation of Gleason Score 6 Prostatic Carcinoma Indolence. Radiol. Oncol. 54, 194–200. doi:10.2478/raon-2020-0019
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Yi, Wei and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-12-813793-g005.gif





OPS/images/fgene-12-813793-g006.gif





OPS/images/fgene-12-813793-g003.gif





OPS/images/fgene-12-813793-g004.gif





OPS/images/fgene-12-813793-t001.jpg
Primer sequence Forward (5'-3') Reverse (5'— 3')

miR-103a-3p AGCAGCATTGTACAGG CTCTACAGCTATATTGC
GCTATG CAGCCAC

TRIMB6 GTATGACCAGAAGAAGTGTGAG CTGACAGGTTCATGGAAGG

ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

GAPDH CAATAGTGATGACCTGGCCGT AGAGGGAAATCGTGCGTGAC





OPS/images/fgene-12-813793-g007.gif





OPS/images/fgene-12-813793-g008.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Effects of miR-103a-3p Targeted Regulation of TRIM66 Axis on Docetaxel Resistance and Glycolysis in Prostate Cancer Cells		Introduction

		Materials and Methods		Material Science





		Methods		Cell Culture

		Target Gene Prediction

		Real-Time Fluorescence Quantitative PCR

		Dual Luciferase Assay

		Induction of DTX-resistant Cells

		The Drug Resistance of DTX-resistant Cells Was Detected by MTT

		Drawing of the Cell Growth Curve

		DTX-resistant Cell Transfection and Grouping

		The Colony Forming Ability of DTX-resistant Cells Was Detected by Cell Cloning Assay

		The Migration Ability of DTX-resistant Cells Was Detected by Wound Healing Experiment

		The Invasion Ability of DTX-resistant Cells Was Detected by the Transwell Assay

		Detection of Glycolysis

		Statistical Methods





		Results		Expressions of miR-103a-3p and TRIM66 in PCa Cells

		Relationship Between miR-103a-3p and TRIM66

		Drug Resistance Characteristics and Growth Curve of DTX-resistant Cells

		Expressions of miR-103a-3p and TRIM66 in DTX-resistant Cells

		Expressions of miR-103a-3p and TRIM66 in DTX-resistant Cells After Transfection

		Effects of the Upregulation of miR-103a-3p and Interference With TRIM66 on the Colony Formation of DTX-resistant Cells

		Effects of the Upregulation of miR-103a-3p and Interference With TRIM66 on DTX-resistant Cell Metastasis

		Effects of miR-103a-3p and TRIM66 on the Glycolysis of DTX-resistantDTX-resistant Cells





		Discussion

		Conclusion

		Data Availability Statement

		Author Contributions

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Genetics

Effects of miR-103a-3p Targeted
Regulation of TRIM66 Axis on
Docetaxel Resistance and
Glycolysis in Prostate Cancer
Cells





OPS/images/fgene-12-813793-g001.gif
4

o somL o vomsastcs ooy

2

-

G e






OPS/images/fgene-12-813793-g002.gif
A Binting St o o i 163435 o TG4

] - imicNG
£ miR-103a-3p-mimic

TRIMGEWT  TRIMGGMUT









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
1N Genetics





