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Abstract

:

Simple Summary


The aim of the study was to investigate the effect of a drug for cancer—paclitaxel—on the expression of genes encoding the signaling factors in breast cancer cells outside organisms. The tested cells were harvested from the mammary glands of 36 women with breast cancer. The microarray technology —the carrier with applied DNA samples—was employed for the identification of gene expression. A significant effect of paclitaxel on the genome of breast cancer cells was confirmed. Paclitaxel changed the functions of cancer cell by increasing the expression of the genes encoding signaling proteins. This is the molecule of intercellular communication. The analysis of the results suggests that this cytostatic agent produces a beneficial therapeutic effect at a lower dose (60 ng/mL). In contrast, a high dose of paclitaxel (300 ng/mL) was associated with higher cytotoxicity and this had a negative effect on the tested tumor cells.




Abstract


The aim of the study was to investigate the effect of paclitaxel on the expression of genes encoding signaling factors in breast cancer cells in in vitro conditions after incubation with the said chemotherapeutic. The tested cells were harvested from the mammary glands of 36 patients with early breast cancer. The microarray technology was employed for the identification of gene expression. For this purpose, mRNA isolated from tumor cells was used. A significant effect of paclitaxel on the genome of breast cancer cells was confirmed. Paclitaxel changed the functions of cancer cells by increasing the expression of most genes encoding signaling proteins and receptors. The analysis of the results suggested that this cytostatic agent produces a beneficial therapeutic effect at a lower dose (60 ng/mL). In contrast, a high dose of paclitaxel (300 ng/mL) was associated with a high cytotoxicity.
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1. Introduction


Breast cancer is a malignant tumor that derives mostly from the epithelium of the terminal ducts. It is the most common malignancy in women worldwide. Genetic, hormonal, and environmental factors play a role in its pathogenesis [1].



The transmembrane receptor Wnt and its co-receptor LRP-5/6 protein (lipoprotein receptor-related proteins 5 and 6) inhibit the degradation of beta-catenin, which accumulates in the cytoplasm and then moves to the nucleus [2]. Beta-catenin binds the transcription factors TCF (T-cell factor)/LEF (lymphoid enhancer factor) and stimulates gene expression, for example c-myc, c-jun, and fra-1 encoding cyclin D1.



The coupling of a ligand with a Wnt receptor leads to the activation of one canonical β-catenin pathway and two non-canonical pathways. The intracellular signaling cascade is different for each pathway, with the only common element being the binding of the ligand with the Wnt FZD receptor [3]. The Wnt-1 signaling pathway plays a key role in the functioning of cells, but its exact role in the development of breast cancer has not yet been elucidated. It has been shown that Wnt-1 expression in breast cancer cells is significantly higher than in healthy cells, and breast cancer growth is enabled by their rapid proliferation. Wnt-5a overexpression increases the invasiveness and metastatic potential of cancer cells and is closely correlated with cancer progression [4,5].



Beta-catenin is a protein whose expression increases during molecular carcinogenesis. In normal conditions, it is produced by linking cell adhesion proteins (called cellular adhesion molecules, CAMs) with the cytoskeleton. It also regulates the expression of other genes that control cell proliferation and play a role in the intracellular Wnt/Wingless signaling pathway. Its main regulator protein is actin which forms a complex of APC and glycogen synthase kinase [6,7]. This complex binds beta-catenin to regulate the size of the free fraction and its intracellular distribution. In the event of the APC activity loss, non-beta-catenin accumulates in the nucleus, acting as a co-activator of LEF/TCF transcription factors (lymphoid enhancer factor /T-cell factor) [7]. This triggers the transcription of oncogenes, such as c-myc. The WNT activation pathway inhibits APC activity, thereby blocking beta-catenin phosphorylation, which increases its intracellular concentration [4].



RAB32 a part of the binding GTP with the oncogenic Ras family. The Ras gene encodes the membrane-associated proteins of the G protein family, which transmit information from multiple cell surface receptors to the enzyme mediating the formation of secondary messengers. The activity of the G protein in connection with GTP is controlled by autoregulation. The Ras oncogene with a point mutation shows no GTPase activity. Although most breast cancers (95%) have no Ras mutations, there is a relationship between the over activity of this gene and the development of carcinogenesis. In breast cancer cells, Ras expression was reflected in high mitogen-activated protein kinase (MAP kinase) activity as well as EGFR (Epidermal Growth Factor Receptor) and erbB-2 overexpression [8,9,10].



The family of G protein signaling regulatory proteins (RGS) controls the activity of G proteins by accelerating the GTPase activity of the alpha subunits of proteins. Most likely, RGS proteins control the functioning of cancer cells, including tumor progression [11].



BCAR 3 (Breast Cancer Antiestrogen Resistance-3) is found in fibroblasts and is expressed in breast cancer cells not expressing the estrogen receptor (ER). It is a gene that plays a role in the migration and invasion of cancer cells. BCAR3 mRNA expression is undetectable in normal breast cancer tissue [12].



Antymitotic taxanes have been used in the treatment of breast cancer for many years. Paclitaxel and docetaxel are widely used in the treatment of cancer. These drugs are prepared from semisynthetic needles of the European yew tree (Taxus baccata). The difference in the structure of these substances involves two side groups of carbon atoms 10 and 13. The main known mechanism of the anticancer action of taxanes is the effect on microtubules by enhancing tubulin polymerization and inhibiting depolymerization. There are also reports that taxanes impact on microtubule-associated proteins (MAPs), cell cycle proteins, and apoptotic pathway proteins [13,14].



The main target of taxanes is the microtubule cytoskeleton. The interaction between disrupted microtubules and taxanes prevents the correct separation of sister chromatids in homologous chromosomes during cell division, which leads to cell division arrest [13,14]. The action of taxanes, as the action of other mitotic inhibitors, is phase-specific and relates to the S, G2, and M phases. Cell cycle arrest at the G2/M phase launches a number of mechanisms responsible for apoptosis.



Paclitaxel has a different effect on the signaling pathways depending on its concentration in the cell. Low concentrations of taxol inhibit progression through the dysfunction of a microtubule that cannot polymerize properly. It was also found that low drug concentrations induce p53 and p21WAf independent of the RAF-1 pathway. However, at higher concentrations, cell death occurs as a result of the blocking of the end stage of mitosis which is dependent on the RAF-1 pathway. Paclitaxel-mediated cell death may result from Raf-1 dependent and independent pathways [15].



Paclitaxel is characterized by high effectiveness both in early breast cancer and in metastatic breast cancer. Primary or acquired drug resistance of tumor cells to taxanes is a significant clinical problem. Among the known mechanisms of the resistance of breast cancer cells to paclitaxel, the most important are the active removal of the drug from the cell. This is related to the increased activity of ABC family membrane transporters which are closely related to the function of the cellular signaling system, changes within the molecular targets of this cytostatic, or apoptosis.



Thanks to significant advances in molecular genetics and the emergence of the microarray technique, it is now possible to assess the profiles of the DNA, mRNA, and proteins in tumor cells and body fluids. This technology can be used to assess gene expression, i.e., to quantify a particular gene product—mRNA. The microarray technique allows one to determine the expression of tens of thousands of genes in a single test [16,17].



In the case of breast cancer, microarray studies have led to the emergence of genetic profiles which have enabled the following:



1.1. The Distinction between Two Main Types of Breast Cancer and its Subtypes with Different Prognoses







	
characteristic profile of glandular cells forming the inner layer of normal ducts and lobules (two subtypes A and B) [1];



	
profile showing no expression of genes characteristic of the said profile (three subtypes) [18,19].









1.2. Predicting Distant Metastases and Survival (MammaPrint 70 Genes), and the Assessment of the Risk of Recurrence (OncotypeDx, 21 Genes)


Cancer cells have a different metabolism than normal cells.



In the process of neoplasms, the differentiation, survival, and proliferation of cells are disturbed. Resistance to applied chemotherapy, (including paclitaxel), apart from active drug removal from the cell, is also caused by disturbances in the expression of apoptotic regulatory proteins, loss of resistance to proapoptotic factors, inhibition of apoptosis, and activation of autophagy. The studied genes, signaling pathways, and protein receptors participate directly or indirectly in the processes responsible for both proliferation and differentiation as well as cell death.



Thanks to the use of genomic arrays, we can test mutations and gene expressions in cancer cells. The investigation of breast cancer using genetic techniques has revealed the existence of groups of cancers with significantly different profiles. The use of DNA microarrays has opened new opportunities for understanding the biology of cancer and has given hope to improve treatment outcomes.



The aim of this study was to investigate the effect of paclitaxel on the expression of genes encoding signaling factors in breast cancer cells by:




	
the identification of a group of gene-encoding factors involved in signaling in breast cancer cells which showed differences in expression after administration of the chemotherapeutic agent;



	
the determination of statistical significance and correlation values for the expression of individual genes and their importance for the prediction of cancer progression and prognosis.










2. Materials and Methods


2.1. Cell Cultures


The study involved cells obtained from the breast tissue of 36 patients diagnosed with early stage I and II breast cancer (T1-2N0M0,T—tumor, N—nodes, M—metastasis) according to the WHO (World Human Organization), histopathological results of no special type (NST), and G1 and G2 ductal carcinoma (G—grade) according to the previous histopathological classification. The patients presented with triple-negative breast cancer (estrogen, progesterone, and Her2 receptors were all negative). Patients’ ages ranged from 46 to 76 years, with a mean age of 56. The patients had not received any chemotherapy or hormonotherapy. They were all perimenopausal or postmenopausal and were women. The recruitment hospital was the Oncology Center of Lublin, and the recruitment period was from 2010 to 2012.



The research material was isolated from the tumor itself, without margin. It was a material verified by a pathologist, the second part of which was used for histopathological examinations. Elimination of cells outside the tumor (blood vessel cells, fibroblasts, cells of the immune system, necrotic cells, apoptotic cells) was completed during the first 3 days of culture thanks to the use of sterile 0.2 µm membrane filters and adherent culture vessels. The karyotype was determined after the first passage to rule out genomic instability.



Samples were taken during surgery and stored at 4 °C. All homogenization and RNA isolation procedures were carried out at 4 °C. The material was subjected to mechanical homogenization and enzyme disintegration (0.1% trypsin, EDTA SIGMA, Poland). Cell cultures were established in disposable sterile plastic vessels in RPMI medium (Sigma, Poland) with 10% fetal bovine serum (FBS, Sigma, Poland) as well as penicillin and streptomycin.



Isolated cells were cultured in an incubator (37 °C, 5% CO2, 90% air humidity). Paclitaxel (Bristol Myers Squibb) was added at concentrations of 60 and 300 ng/mL and incubated for 72 h in cultures with a density of 10,000 cells/mL. The concentrations were calculated on the basis of dose per square meter of body surface area in relation to the surface of the culture vessel (25 cm2). The concentrations corresponded to the doses of the drug used in mono- and polytherapy for breast cancer, taking into account the number of paclitaxel chemotherapy cycles (approximately six). Control culture suspensions contained breast cancer cells that were incubated without the cytostatic in a medium containing 5% dimethyl sulfoxide (DMSO).




2.2. Examined Genes


Fifteen genes encoding signaling proteins, which may have had diagnostic applications, were selected. The spelling for genes and proteins was adopted in accordance with the instructions, where the names of human genes are spelt with capital letters in italics. For names of genes other than human genes, capital letters are used in Table 1, while the names of proteins are spelt in non-italicized capital letters.




2.3. Total RNA isolation


Cells isolated from tumors of the mammary glands (the primary, established cultures) after incubation with cytostatic and without it were homogenized in TRI solution (SIGMA). Separation at 4 °C was conducted, and the obtained homogenate was centrifuged for 10 min at 12,000× g. The aqueous fraction was transferred to a sterile tube with 0.5 mL of isopropanol. After a 10-min incubation at room temperature, the cells were centrifuged again at 12,000× g at 4 °C. A total of 1 mL of 75% ethanol was added to the resulting RNA-containing precipitate and centrifuged at 8000× g at 4 °C. Total RNA (RNA T) was checked for protein contaminants and DNA additives using a spectrophotometer (Eppendorf) measuring light absorbance by the aqueous RNA solution in the T 1:100 dilution at wavelengths of 260 and 280 nm. For further analysis, an RNA sample was collected for which the absorbance ratio was in the range 1.6–1.9. The resulting RNA T contained a small amount of mRNA, and mostly rRNA and tRNA.




2.4. Reverse Transcription Polymerase Chain Reaction (RTPCR)


Complementary DNA (cDNA) was obtained in reverse transcription polymerase chain reaction (RTPCR) using a standard kit (Sigma) and was subsequently subjected to hybridization (Set Panorama Human Cancer cDNA labelling kit and hybridization; CDLBL-HCNGENOSIS SIGMA). The set of reference RNA was derived from the reference Escherichia coli gene (RNA Panorama E. coli B-1444 RNA) that enabled the subsequent calibration of the activity of other genes present on the surface of the array relative to the expression of this gene. Samples containing 2 µg of total RNA, 4 µL of standard primers, and 2 µL of the reference Escherichia coli RNA (control RNA–HAV RNA in vitro transcript) were completed with water to a 14.5 µL. They were then heated for 2 min at 90 °C and cooled to 42 °C for another 20 min. The reaction mixture consisted of nucleotides dATP, dGTP, dTTP, and dCTP labelled with 40 µCi 32P in a volume of 4 µL, 4 µL reverse transcriptase, and 6.5 µL of a reverse transcriptase buffer. The ingredients were incubated at 42 °C for 150 min. Afterwards, the reverse transcription method was conducted to obtain cDNA. (Transcriptor One-Step RT-PCR Kit Sigma). This kit included a protector RNase inhibitor and a control primer mix HAV RNA (forward and reverse primers) [20].



The purification process was conducted in a Sephadex G-25 by introducing the cDNA aqueous solution. The material in the column was centrifuged for 4 min at 11,000× g.




2.5. cDNA Array Hybridization


The cDNA purified in this way was subjected to array hybridization. The SIGMA-GENOSIS matrix, containing gene sequences encoding the signaling factors, was used for testing.



Hybridization was carried out at 65 °C for 13 h. The array matrix was washed with 100 mL of a washing buffer and incubated in a hybridization oven at 65 °C for 60 min, then centrifuged at the speed of 6 revolutions per min. This step was repeated twice.



After washing and removing the cDNA, free substrate fragments were dried on sterile filter paper for 2 min and placed in a cassette capturing gamma radiation (radiation imaging screen, Bio-Rad). The measurement of array activity took about 24 h. Gamma radiation from spots corresponding to the genes on the array caused chemical reactions of the radiation-sensitive medium contained in the cartridge. After irradiation, the medium was scanned with a Molecular Image FX scanner (Bio-Rad) with a resolution of 50 microns. This way the image of gene expression was shown on the array. The expression of the array in individual spots was the normalized gene expression of the reference Escherichia coli. Each of the fields corresponded to the area of a single gene on the array. The fields were segmented in larger groups (spots). A single spot on the array had 16 fields, which corresponded to the expression of 8 genes, while the remaining 8 were blank.




2.6. Analysis of the Array Gene Expression Matrix


The analysis of the array gene expression was performed in the Quantity One program, version 4.2.1. The expression of genes in different spots presented an average number of pixels in the area specific for a given gene. Each of the two adjacent fields in one row was a signal region corresponding to the spot of a given gene. The values of these numbers directly represented the intensity of the signal received from the bottom of the radiation-sensitive cassette and corresponded to the expression level of particular genes. Gene expression analysis was repeated three times.



The analysis of the results was based on a comparison of the gene expression in breast cancer cell cultures incubated with two doses of paclitaxel and expression of these genes in cultures incubated without the drug.



The study was completed in three independent replicates involving three control cultures and three cultures with lower and higher doses of paclitaxel.




2.7. Statistical Analysis


The statistical analysis was performed using Statistica 10.0 and Microsoft Excel 2015. We computed the arithmetic average and standard deviations for individual groups of genes. In order to assess the significance of the differences between individual groups of genes, we used the Student’s t test. For multiple comparisons, one-way analysis of variance (ANOVA) followed by Spearman’s rank post-hoc test was applied. Statistical significance was considered as p < 0.05. The rank correlation takes values in the range [−1, +1].



Functional validation analysis of candidate genes and network analysis of key nodes were performed in the program RPANTHER™ GO slim (version 17.0, based on GO release 16 November 2021, released 22 February 2022) [21].





3. Results


Except for the WNT3 and CHN2 genes, all examined signaling proteins in Table 1 showed increased expression in breast cancer cells incubated with both the low dose of paclitaxel (60 ng/mL) and the high dose of this drug (300 ng/mL) as compared to the control cells. In the case of WNT3 and CHN2, the lowest expression was observed for the dose of 300 ng/mL (Figure 1 and Figure 2H). The CHN2 expression level was the same in the control cells and in the samples incubated with 60 ng/mL of paclitaxel (Figure 2H).



The highest expression after incubation with paclitaxel at the dose of 300 ng/mL was noted for the following oncogenes: WNT10, RAB32, SR-BP1, BCAR3, LAMC1, and CLDN5 (Figure 3A–F).In the case of BCAR3, the expression was similar for the two doses of paclitaxel (60 ng/mL vs. 300 ng/mL) (Figure 3D). Moreover, slight differences were observed between the tested doses in the expression levels of WNT10 and RAB32 (Figure 2A,D).



The highest gene expression was observed for the dose of 60 ng/mL, and the expressed genes were: CTNB1, RGS2, RGS16, LAD1, LBP, TAP2, PKP3, and CHN2 (Figure 2A–G). CHN2 expression was high, but still at the same level as the control (Figure 2H). Slight dose-dependent differences in the expression levels were noted for LAD1 and TAP2 (Figure 2D,F) as well as WNT10 and BCAR3 (Figure 3A,D).



Analysis of the correlations of gene expression showed that they were statistically significant (Table 2).



Analysis by Spearman’s test showed that the increase in WNT 3 gene expression was accompanied by an increase in WNT10 and TREM1 expression at both the 300 mg and 60 mg doses. There were also positive correlations between RAB32 and RGS2, PKP3 and RGS16, and TREM 1 and PKP3. In the remaining cases, no such correlation was demonstrated (negative correlation).



The results of functional validation analysis of candidate genes and network analysis of key nodes were presented in Figure 4, Figure 5 and Figure 6. Each of the candidate genes is involved in biological processes or in the molecular function of cells. Five genes (WNT10B, CTNNB1, WNT3, RGS16, RGS2, LAMC1) also play a role in the signaling pathway—Figure 5.




4. Discussion


Healthy and neoplastic tissues have different mechanisms of regulation not only of the expression of multi-drug resistance genes, e.g., MDR1, MRP1, and ABCG2, but also genes whose protein products indirectly regulate the activity of ABC transporters, including from the WNT/β-catenin pathways. The CHN2 B2 gene product—chimerin—is responsible for the progression of breast cancer. Cancer cells also overexpress PKP3 which is a WNT antagonist. High levels of PKPs are associated with a shorter and more specific survival periods. B-catenin activates the genes of the transcriptional complex, which leads to tumor progression [22]. The Wnt signaling pathway plays an important role in carcinogenesis. Disturbances in the functioning of this pathway, such as excessive beta-catenin accumulation, are frequently observed in breast cancer cells. It has been noted that Wnt affects breast cancer development to a significant extent, and its increased activity is associated with a poor prognosis. In contrast, a pathway blockage leads to the inhibition of cell proliferation and reduction in the cell oncogenic potential. This pathway plays a key role in inhibiting the oncogenic potential of breast cancer [23,24].



Although Wnt activation in breast cancer cells has been reported, it is rarely caused by mutations in genes encoding proteins of this pathway. Up regulation of the WNT LRP6 signaling pathway receptor has been noted in breast cancer cells, and its likely impact on the development of neoplastic processes has been demonstrated. In breast cancer cells, there is overexpression of WNT3A, WNT4, WNT6, WNT8B, WNT9A and WNT10B [25,26,27]. Beta-catenin is a regulator protein of the WNT pathway. The expression of WNT5A, WNT5B, and WNT16, in turn, is generally reduced. It is worth noting that the WNT signaling pathway components undergoing increased expression in breast cancer cells belong to the elements of the canonical WNT/beta-catenin pathway. It is believed that auto- and paracrine mechanisms lead to the excessive activation of the WNT/beta-catenin canonical signaling pathway [28]. Elevated Wnt signaling is responsible for resistance to cancer therapy by maintaining the cancer stem cell population and enhancing DNA damage repair. Up-regulation of the WNT pathway after Paclitaxel administration has been observed, which may protect cancer cells from cell cycle arrest and apoptosis [29].



Studies suggest that the WNT signaling pathway may be a potential therapeutic target in inhibiting metastasis to the lungs and bones.



In the present study, WNT3 expression was higher in the control cells than in the cells incubated with paclitaxel. In this case, the lowest expression occurred at a dose of 300 ng/mL. Both doses of paclitaxel resulted in a reduced Wnt3 expression, but the higher dose caused a more significant decrease. Genes encoding the Wnt10 protein, however, exhibited increased activity under the effect of paclitaxel, at both doses. It is believed that overexpression of the Wnt10 gene encoding the protein plays a key role in carcinogenesis through the β-catenin-associated activation pathway [30,31].



CTNNB, a protein associated with catenin (activator catenin), has an important role in intercellular adhesion and cell growth regulation. The expression of this protein is closely linked to oncogenesis. Mutations in the gene encoding this protein lead to the development of various cancers. Research has confirmed the role of beta-catenin in the development of breast cancer, and changes in its expression have been observed at early stages of carcinogenesis [32]. CTNNB is a key element of the canonical Wnt pathway. Research has shown a relationship between Wnt/beta-catenin and oncogenesis. Elevated levels of beta-catenin within the nucleus contribute substantially to the development of breast cancer [33]. In the present study, we demonstrated increased CTNNB expression at a reduced dose of paclitaxel.



Breast cancer growth is usually estrogen-dependent [1]. Anti-estrogens, such as tamoxifen, are widely used in breast cancer treatment. However, the development of this type of cancer can lead to its resistance to the effects of estrogen. This protein belongs to cytoplasmic receptors involved in intracellular signal transduction. Its activity leads to increased estrogen-independent breast cancer cell proliferation and resistance to tamoxifen. BCAR3 is functionally linked to another protein causing anti-estrogen resistance (p130Cas) [33,34]. It has been shown that there is a relationship between BCAR3 expression and the regulation of breast cancer cell migration through a change in the location of BCAR1 in the cytoplasmic membrane. An increase in BCAR3 activity has been observed in advanced breast cancer cells, indicating a relationship between intracellular signal transduction through BCAR3 and the intensity of metastasis. Recent studies have shown that BCAR3 leads to the inhibition of breast cancer progression through blockage of the TGFß/Smad signaling pathway [34].



RAB, a GTP-binding protein, belongs to the family of oncogenic Ras. It belongs to the G protein family that transduces information from cell surface receptors to the enzyme mediating the formation of secondary messengers. Expression of RAB proteins influences the regulation of many cellular pathways. By affecting cell membranes, they affect signaling pathways. Their expression is disrupted in Alzheimer’s disease and cancer. RAB family genes are most likely overexpressed rather than mutated in tumors [35].



Although most breast cancers (95%) have no RAS mutations, there is a relationship between its overexpression and cancer development. Ras expression is reflected in the high activity of mitogen-activated protein kinase (MAP kinase) [8,9,36]. The expression of the oncogene for Rab32 in our study was increased under the effect of paclitaxel.



Beta-CHN2 chimerin plays an important role in axonal growth and T-cell gene activation [37]. Beta-chimerin is a protein affecting cell proliferation and the migration of smooth muscle, and its expression is accompanied by the development of highly malignant breast cancer [38].



Another of the studied genes is LAMC1, the product of which is the LAMC1 transmembrane protein involved in cell adhesion and migration. It was shown that overexpression of lamin A/C caused the inhibition or stimulation of cell growth, colony formation, migration, and invasion [39]. Laminin is a major glycoprotein component of non-collagenous membranes. It is produced via numerous biological processes, such as adhesion, differentiation, migration, and intercellular signaling, as well as in tumor metastasis. Laminin consists of three different chains: alpha, beta, and gamma. Each of these is coded by a separate gene. The gamma chain oflaminin 1 is coded by LAMC1. Studies on breast cancer cells have demonstrated the effects of a “genome guardian” which cooperates with P53 inhibitor, i.e., miR-205 for LAMC1, and is responsible for the adhesion, proliferation, and migration of cancer cells. It is found in an inactive form associated with guanosine diphosphate (GDP) and in active GTP (guanosine-5’-triphosphate) [40,41].



The SR-BP1 gene encoding the protein plays a role in the regulation of mature mRNA formation (splicing). Several variants of this protein have been found as a result of alternative splicing. The first step of the cascade leading to cancer is increased cell proliferation that reduces their differentiation and leads to the loss of physiological junctions. The claudin 5 encoding gene is a membrane protein involved in intercellular adhesion. It is a component of occluding junctions (also called tight junctions or zonula occludens), barriers for water and water-soluble nutrients.



Endothelial cells and some epithelial cells exhibit CKDN5 expression [41,42]. Based on endothelial cells, it was found that abnormally functioning short circulating molecules can facilitate the spread of cancer. Presumably, this may affect breast cancer cell potential for hematogenous metastases. Increased expression of the gene encoding claudin 2 and 5 is characteristic of cancer. There is no relationship with overexpression of estrogen or progesterone receptors, or with cancer stage. No increase in the expression of the claudin-coding gene has been observed in skin lesions, which indicates that claudin may be a useful tool in the differential diagnosis of Paget’s disease and basal cell carcinoma [43,44]. On the other hand, no differences in the expression of claudin in Paget’s disease and breast cancer suggest the lack of connection between the functioning of these proteins and the degree of epithelial invasion. Due to an increase in the activity of claudin proteins in many cancerous processes, they have become a promising target for antitumor therapy. CLDN5 overexpression has been shown particularly in endothelial cells that serve as potential targets in angiogenesis-inhibiting therapy. Claudin 5 plays an important role in the regulation of cell motility. This is believed to be associated with the regulation of the permeability of the blood–brain barrier [45,46,47,48,49].



A possible link has been revealed between claudin 5 and breast cancer metastases. Microarray and immunohistochemical studies have shown that the decreased expression of the claudin gene is associated with a worse prognosis and an increased tendency of cancer to metastasis to the regional lymph nodes [44,49].



The RGS2 gene codes a protein that regulates intracellular signaling via G protein. RGS2 is an important factor in the cascade of signaling proteins initiated by the G protein. RGS2 inhibits signal transduction by increasing the activity of GTPase that affects the alpha subunit of the G protein. Due to conjugated signal transduction effector cells, RGS2 is also known as an angiotensin II receptor regulator. The molecular analysis of the isolated epithelial cells showed RGS2 overexpression in breast cancer cells and the modulation of the signal transduced by the oxytocin receptor for the protein. The identification of a gene product and the pathways that regulate it appears to be an interesting therapeutic target. Studies in mice have shown that RGS2 deletion leads to a significant inhibition of tumor processes by reducing the blood supply to the tumor as a result of angiogenesis inhibition [50,51] In studies on ovarian cancer, cells that showed low RGS2 expression were characterized by considerably greater chemotherapy resistance. Recent studies have also suggested that there might be a relationship between RGS2 overexpression and the presence of metastases. Differences in gene expression have occurred at various cytostatic doses. In the case of RGS2, the expression was the highest in tumor cells treated with 300 ng/mL of paclitaxel and, for the RGS16, the difference was the highest for 60 ng/mL.



The phosphatidylinositol pathway significantly contributes to the development of various cancers, including breast, lung, and prostate cancer. Breast cancer resistance to chemotherapy, including tyrosine kinase inhibitors, is associated with the constant activation of the phosphatidylinositol pathway, which may cause increased expression of epidermal growth factor receptors (HER2 and HER3). In our studies, TAP2 expression was higher at the lower dose than the higher dose. At higher doses, the multidrug resistance process might be interrupted, which may be elucidated with a decreased TAP2 expression. Recent studies have shown that the RGS family inhibits the activity of this pathway. In light of the previous observations, reduced RGS16 expression is observed in the majority of breast cancers with mutations, which supports the existence of an association of phosphatidylinositol pathway activity regulation with RGS16 expression and breast cancer cell growth [51]. RGS16 overexpression in breast cancer cells inhibits the cell prolife ration dependent on epidermal growth factor (EGF), and decreased RGS16 expression was associated with a reduction in the cell proliferation rate and an increased resistance to tyrosine kinase inhibitors. The implementation of tyrosine kinase inhibitors in therapy also causes decreased RGS16 expression in breast cancer cells. It seems that RGS16 may play an important role in controlling breast cancer cell growth through its influence on the key pathway leading to cell death [50,51].



It is believed that beta-catenin activator CTNNB1 mutations, which induce disturbances in Wnt/beta-catenin functioning, lead to increased accumulation of beta-catenin in the nucleus and have a key function in the development of breast cancer [3,4]. Such changes are observed frequently in breast cancer cells. Beta-catenin plays an important role in the carcinogenesis of ductal carcinomas, and changes in its expression are observed in in situ breast cancer, suggesting that these expression changes are connected with even early stage carcinogenesis. Disorders of Wnt/beta-catenin functioning may also be associated with the occurrence of metastases. The identification of a mutation in CTNNB1 may lead to the development of new treatments for breast cancer patients. There is a relationship between the beta-catenin expression in the nucleus and a higher incidence of metastases and lower survival in women with breast cancer. The activation of the Wnt/beta-catenin pathway is associated with a worse prognosis, although Geyer et al. [52] did not notice any correlation between CTNNB1 mutations and prognosis.



The Wnt/beta-catenin pathway plays a key role in breast cancer progression [24]. For this reason, the effect of down-regulation in breast cancer cells was evaluated in mice. A significant reduction in beta-catenin activity was associated with reduced tumor proliferation. Other studies on reduced beta-catenin expression in breast cancer cells have shown that these cells tend to produce significantly smaller tumors and that their growth is considerably slower compared to the control group with normal beta-catenin activity. This increased tumor sensitivity to both doxorubicin and cisplatin chemotherapy. In addition, earlier reports indicating that the canonical Wnt pathway activation is associated with more rapid development of cancer and poor prognosis were confirmed [53,54,55].



In the present study, we demonstrated increased CTNNB1 expression after cell incubation with 60 ng/mL of paclitaxel. We also showed a higher expression of most genes encoding signaling proteins in cells treated with paclitaxel. The data analysis revealed the increased expression of genes encoding receptor proteins in cell membranes [56].



Moreover, the highest expression of the LBP gene was observed at the 60 ng dose. The product of LBP, the lipopolysaccharide binding protein (LBP), is a serum protein that binds and transports LPS (lipopolysaccharide ) It is associated with a worse prognosis in colorectal and renal carcinoma [57,58].



Our results have shown different effects of the two doses of paclitaxel (60 and 300 ng/mL) on the expression of signaling genes in breast cancer cells in in vitro settings. The changes in the genes of the test subjects appeared with two different doses of paclitaxel. This may have been due to intracellular interactions, but it was directly or indirectly due to the effects of the two different doses of the drug used. The mechanism of these changes is difficult to define unequivocally. The analysis of the results suggests that this cytostatic agent produces a beneficial therapeutic effect at a lower dose (60 ng/mL). In contrast, a high dose of paclitaxel (300 ng/mL) was associated with a high cytotoxicity. The obtained results may be useful in the molecular work-up in patients with a breast tumor. The expression of signaling genes can be of prognostic significance and may be used as a predictor of breast cancer treatment.




5. Conclusions


In the process of neoplasms, the differentiation, survival, and proliferation of cells are disturbed. Resistance to applied chemotherapy, (including paclitaxel), apart from active drug removal from the cell, is also caused by disturbances in the expression of apoptotic regulatory proteins, loss of resistance to prapoptotic factors, inhibition of apoptosis, and activation of autophagy. The analysis of the results suggests that paclitaxel showed a more favorable therapeutic effect at the lower dose (60 ng/mL) than at the high dose (300 ng/mL), which was associated with a high cytotoxicity. The studied proteins, signaling pathways, and receptors genes participate directly or indirectly in the processes responsible for both proliferation and differentiation as well as cell death.







Author Contributions


Conceptualization, J.R., and A.W.; Methodology, J.R. and A.W.; Software, J.R., A.W., L.S., and L.G.; Validation, J.R., A.W., L.S., and L.G.; Formal Analysis, J.R., A.W., L.S., and L.G.; Investigation, J.R., and A.W.; Resources, J.R., and A.W.; Data Curation, A.W., J.R., and L.S.; Writing—Original Draft Preparation, J.R., A.W., and L.S.; Writing—Review and Editing, J.R., and L.G.; Visualization, J.R., and L.G.; Supervision, J.R., and L.G.; Project Administration, J.R.; Funding Acquisition, J.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethical Board of Medical University in Lublin (Poland) (approval no. KE-254/141/2009).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare that they have no competing interests. The authors alone are responsible for the content and writing of the paper.




References


	



Makki, J. Diversity of Breast Carcinoma: Histological Subtypes and Clinical Relevance. Clin. Med. Insights Pathol. 2015, 8, 23–31. [Google Scholar] [CrossRef]

	



Joiner, D.M.; Ke, J.; Zhong, Z.; Xu, H.E.; Williams, B.O. LRP5 and LRP6 in development and disease. Trends Endocrinol. Metab. 2013, 24, 31–39. [Google Scholar] [CrossRef] [PubMed]

	



Chiang, K.-C.; Yeh, C.-N.; Chung, L.-C.; Feng, T.-H.; Sun, C.-C.; Chen, M.-F.; Jan, Y.-Y.; Yeh, T.-S.; Chen, S.-C.; Juang, H.-H. WNT-1 inducible signaling pathway protein-1 enhances growth and tumorigenesis in human breast cancer. Sci. Rep. 2015, 5, srep08686. [Google Scholar] [CrossRef] [PubMed]

	



Prasad, C.P.; Chaurasiya, S.K.; Axelsson, L. WNT-5A triggers Cdc42 activation leading to an ERK1/2 dependent decrease in MMP9 activity and invasive migration of breast cancer cells. Mol. Oncol. 2013, 7, 870–883. [Google Scholar] [CrossRef]

	



Jiang, W.; Crossman, D.K.; Mitchell, E.H.; Sohn, P.; Crowley, M.R.; Serra, R. WNT5A inhibits metastasis and alters splicing of Cd 44 in breast cancer cells. PLoS ONE 2013, 8, e58329. [Google Scholar]

	



Clevers, H.; Nusse, R. Wnt/β-catenin signaling and disease. Cell 2012, 149, 1192–1205. [Google Scholar] [CrossRef] [PubMed]

	



Choi, S.H.; Estarás, C.; Moresco, J.J.; Yates, J.R.; Jones, K.A. α-Catenin interacts with APC to regulate β-catenin proteolysis and transcriptional repression of Wnt target genes. Genes Dev. 2013, 15, 2473–2488. [Google Scholar] [CrossRef] [PubMed]

	



Hong, Y.L.; Yang, L.Y.; Pan, X.Y.; Feng, Q.; Zou, H.; Song, S.L.; Wang, L.; Wang, P.; Bai, S.; Zhou, X.L.; et al. Mutation status of ras genes in breast cancers with overexpressed p21Ras protein. Int. J. Clin. Exp. Pathol. 2016, 10, 10422–10429. [Google Scholar]

	



Kodaz, H.; Kostek, O.; Hacioglu, M.B.; Erdogan, B. Frequency of RAS mutations (KRAS, NRAS, HRAS) in human solid cancer. EJMO 2017, 1, 1–7. [Google Scholar] [CrossRef]

	



Pasquier, E.; Kavallaris, M. Microtubules: A dynamic target in cancer therapy. IUBMB Life 2008, 60, 165–170. [Google Scholar] [CrossRef] [PubMed]

	



Sethakorn, N.; Dulin, N.O. RGS expression in cancer: Oncomining the cancer microarray data. J. Recept Signal Transduct. Res. 2013, 33, 166–171. [Google Scholar] [CrossRef] [PubMed]

	



Arras, J.; Thomas, K.S.; Myers, P.J.; Cross, A.M.; Osei, A.D.; Vazquez, G.E.; Atkins, K.A.; Conaway, M.R.; Jones, M.K.; Lazzara, M.J.; et al. Breast cancer antiestrogen resistance 3 (BCAR3) promotes tumor growth and progression in triple-negative breast cancer. Am. J. Cancer Res. 2021, 11, 4768–4787. [Google Scholar]

	



Gligorov, J.; Lotz, J.P. Preclinical pharmacology of the taxanes: Implications of the differences. Oncologist 2004, 9, 3–8. [Google Scholar] [CrossRef] [PubMed]

	



Kellogg, E.H.; Hejab, N.M.A.; Howes, S. Insights into the distinct mechanisms of action of taxane and non-taxane microtubule stabilizers from cryo-EM structures. J. Mol. Biol. 2017, 429, 633–646. [Google Scholar] [CrossRef]

	



Torres, K.; Horwitz, S.B. Mechanisms of taxol-induced cell death are concentration dependent. Cancer Res. 1998, 58, 3620–3626. [Google Scholar] [PubMed]

	



Rusecka, J. Mikromacierze DNA. Kosmos 2004, 53, 295–303. [Google Scholar]

	



Słomski, R. (Ed.) Analiza DNA-Teoria i Praktyka; Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu: Poznań, Poland, 2011; pp. 468–473. [Google Scholar]

	



Sørlie, T. Molecular portraits of breast cancer: Tumor subtypes as distinct disease entities. Eur. J. Cancer 2004, 40, 2667–2675. [Google Scholar] [CrossRef]

	



Roukos, D.H.; Murray, S.; Briasoulis, E. Molecular genetic tools shape a roadmap towards a more accurate prognostic prediction and personalized management of cancer. Cancer Biol. Ther. 2007, 6, 308–312. [Google Scholar] [CrossRef] [PubMed]

	



Kolb, R.; Ankenbauer, W.; Hloch, B. Roche Applied Science, Germany. Transcriptor one-step RT-PCR kit. Biochimica 2009, 1, 27–28. [Google Scholar]

	



Mi, H.; Thomas, P. PANTHER pathway: An ontology-based pathway database coupled with data analysis tools. Methods Mol Biol. 2009, 563, 123–140. [Google Scholar] [CrossRef] [PubMed]

	



Furukawa, C.; Daigo, Y.; Ishikawa, N.; Kato, T.; Ito, T.; Tsuchiya, E.; Sone, S.; Nakamura, Y. Plakophilin 3 oncogene as prognostic marker and therapeutic target for lung cancer. Cancer Res. 2005, 65, 7102–7110. [Google Scholar] [CrossRef] [PubMed]

	



Cicchini, M.; Chakrabarti, R.; Kongara, S.; Price, S.; Nahar, R.; Lozy, F.; Zhong, H.; Vazquez, A.; Kang, Y.; Karantza, V. Autophagy regulator BECN1 suppresses mammary tumorigenesis driven by WNT1 activation and following parity. Autophagy 2014, 10, 2036–2052. [Google Scholar] [CrossRef] [PubMed]

	



MacMillan, C.D.; Leong, H.S.; Dales, D.W.; Robertson, A.E.; Lewis, J.D.; Chambers, A.F.; Tuck, A.B. Stage of breast cancer progression influences cellular response to activation of the WNT/planar cell polarity pathway. Sci. Rep. 2014, 4, 6315. [Google Scholar] [CrossRef] [PubMed]

	



Cai, K.; Jiang, L.; Wang, J.; Zhang, H.; Wang, X.; Cheng, D.; Dou, J. Downregulation of β-catenin decreases the tumorigenicity, but promotes epithelial-mesenchymal transition in breast cancer cells. J. Cancer Res. Ther. 2014, 10, 1063–1070. [Google Scholar] [PubMed]

	



Kim, H.Y.; Park, J.H.; Won, H.Y.; Lee, J.Y.; Kong, G. CBX7 inhibits breast tumorigenicity through DKK-1-mediated suppression of the Wnt/β-catenin pathway. FASEB J. 2015, 29, 300–313. [Google Scholar] [CrossRef] [PubMed]

	



Karabacak, T.; Eğılmez, R.; Arpaci, R.B.; Pfeiffer, E.S. Β-catenin expression in in situ and infiltrative ductal carcinomas of the breast. Türk Patoloji Dergisi 2011, 27, 185–188. [Google Scholar] [CrossRef] [PubMed]

	



Pohl, S.Ö.-G.; Brook, N.; Agostino, M. Wnt signaling in triple-negative breast cancer. Oncogenesis 2017, 6, e310. [Google Scholar] [CrossRef]

	



Fischer, M.M.; Cancilla, B.; Yeung, V.P.; Cattaruzza, F.; Chartier, C.; Murriel, C.L.; Cain, J.; Tam, R.; Cheng, C.Y.; Evans, J.W.; et al. WNT antagonists exhibit unique combinatorial antitumor activity with taxanes by potentiating mitotic cell death. Sci. Adv. 2017, 3, 700090. [Google Scholar] [CrossRef] [PubMed]

	



Benhaj, K.; Akcali, K.C.; Ozturk, M. Redundant expression of canonical Wnt ligands in human breast cancer cell lines. Oncol. Rep. 2006, 15, 701–707. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, R.W.; Merkel, A.R.; Page, J.M. Wnt signaling induces gene expression of factors associated with bone destruction in lung and breast cancer. Clin. Exp. Metastasis 2014, 31, 945–959. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.J.; Roh, M.S.; Son, C.H.; Kim, A.J.; Jee, H.J.; Song, N.; Kim, M.; Seo, S.Y.; Yoo, Y.H.; Yun, J. Loss of Med1/TRAP220 promotes the invasion and metastasis of human non-small-cell lung cancer cells by modulating the expression of metastasis-related genes. Cancer Lett. 2012, 321, 195–202. [Google Scholar] [CrossRef] [PubMed]

	



Mukherjee, N.; Bhattacharya, N.; Alam, N.; Roy, A.; Roychoudhury, S.; Panda, C.K. Subtype-specific alterations of the Wnt signaling pathway in breast cancer, clinical and prognostic significance. Cancer Sci. 2012, 103, 210–212. [Google Scholar] [CrossRef] [PubMed]

	



Near, R.; Zhang, Y.; Makkinje, A.; Leme, A. AND-34/BCAR3 differs from other NSP homologs in induction of anti-estrogen resistance, cyclin D1 promoter activation and altered breast cancer cell morphology. J. Cell. Physiol. 2007, 212, 655–665. [Google Scholar] [CrossRef] [PubMed]

	



Gopal, K.; Golden, E.; Woodward, A.; Pavlos, N.J.; Blancafort, P. Rab GTPases: Emerging oncogenes and tumor suppressive regulators for the editing of survival pathways in cancer. Cancers 2020, 12, 259. [Google Scholar] [CrossRef]

	



Schrecengost, R.S.; Riggins, R.B.; Thomas, K.S.; Guerrero, M.S.; Bouton, A.H. Breast cancer antiestrogen resistance-3 expression regulates breast cancer cell migration through promotion of p130Cas membrane localization and membrane ruffling. Cancer Res. 2007, 67, 6174–6182. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, L.; Schrecengost, R.S.; Guerrero, M.S.; Thomas, K.S.; Bouton, A.H. Breast cancer antiestrogen resistance 3 (BCAR3) promotes cell motility by regulating actin cytoskeletal and adhesion remodeling in invasive breast cancer cells. PLoS ONE 2013, 8, e65678. [Google Scholar] [CrossRef]

	



Gangi Setty, S.R.; Shin, M.E.; Yoshino, A.; Marks, M.S. Golgi Recruitment of GRIP domain proteins by Arf-like GTPase 1 is regulated by Arf-like GTPase3. Curr. Biol. 2003, 13, 401–404. [Google Scholar] [CrossRef]

	



Zhang, Y.; Xi, S.; Chen, J.; Zhou, D.; Gao, H.; Zhou, Z.; Xu, L.; Chen, M. Overexpression of LAMC1 predicts poor prognosis and enhances tumor cell invasion and migration in hepatocellular carcinoma. J. Cancer 2017, 8, 992–3000. [Google Scholar] [CrossRef]

	



Niemitz, E. Ras pathway activation in breast cancer. Nat. Genet. 2013, 45, 1273. [Google Scholar] [CrossRef]

	



Zubeldia-Brenner, L.; Gutierrez-Uzquiza, A.; Barrio-Real, L.; Wang, H.; Kazanietz, M.G.; Leskow, F.C. β3-chimaerin, a novel member of the chimaerinRac-GAP family. Mol. Biol. Rep. 2014, 41, 206776. [Google Scholar] [CrossRef]

	



Barrio-Real, L.; Barrueco, M.; González-Sarmiento, R.; Caloca, M. Association of a novelpolymorphism of the β2-chimaerin gene (CHN2) with smoking. J. Investig. Med. 2013, 61, 1129–1131. [Google Scholar] [CrossRef] [PubMed]

	



Nishikawa, R.; Goto, Y.; Kojima, S.; Enokida, H.; Chiyomaru, T.; Kinoshita, T.; Sakamoto, S.; Fuse, M.; Nakagawa, M.; Naya, Y.; et al. Tumor-suppressive microRNA-29s inhibit cancer emigration and invasion via targeting LAMC1 in prostate cancer. Int. J. Oncol. 2014, 45, 401–410. [Google Scholar] [CrossRef] [PubMed]

	



Piovan, C.; Palmieri, D.; Di Leva, G.; Braccioli, L.; Casalini, P.; Nuovo, G.; Tortoreto, M.; Sasso, M.; Plantamura, I.; Triulzi, T. Oncosuppressive role of p53-induced miR205 in triple negative breast cancer. Mol. Oncol. 2012, 6, 458–472. [Google Scholar] [CrossRef] [PubMed]

	



Jia, W.; Lu, R.; Martin, T.A.; Jiang, W.G. The role of claudin-5 in blood-brain barrier (BBB) and brain metastases (review). Mol. Med. Rep. 2014, 9, 779–785. [Google Scholar] [CrossRef]

	



Ye, L.; Martin, T.A.; Parr, C.; Harrison, G.M.; Mansel, R.E.; Jiang, W.G. Biphasic effects of 17-beta-estradiol on expression of occludin and transendothelial resistance and paracellular permeability in human vascular endothelial cells. J. Cell. Physiol. 2003, 196, 362–369. [Google Scholar] [CrossRef]

	



Soini, Y. Claudins 2, 3, 4, and 5 in Paget’s disease and breast carcinoma. Hum. Pathol. 2004, 35, 1531–1536. [Google Scholar] [CrossRef]

	



Kato-Nakano, M.; Suzuki, M.; Kawamoto, S.; Furuya, A.; Ohta, S.; Nakamura, K.; Ando, H. Characterization and evaluation of the antitumour activity of a dual-targeting monoclonal antibody against claudin-3 and claudin-4. Anticancer Res. 2010, 30, 4555–4562. [Google Scholar]

	



Szász, M.A. Claudins as prognostic factors of breast cancer. Magyar Onkológia 2012, 56, 209–212. [Google Scholar]

	



Gu, S.; Tirgari, S.; Heximer, S.P. The RGS2 gene product from a candidate hypertension allele shows decreased plasma membrane association and inhibition of Gq. Mol. Pharmacol. 2008, 73, 1037–1043. [Google Scholar] [CrossRef]

	



Liang, G.; Bansal, G.; Xie, Z.; Druey, K.M. RGS16 inhibits breast cancer cell growth by mitigating phosphatidylinositol 3-kinase signaling. J. Biol. Chem. 2009, 284, 21719–21727. [Google Scholar] [CrossRef]

	



Geyer, F.C.; Lacroix-Triki, M.; Savage, K.; Arnedos, M.; Lambros, M.B.; MacKay, A.; Natrajan, R.; Reis-Filho, J.S. β-Catenin pathway activation in breast cancer is associated with triple-negative phenotype but not with CTNNB1 mutation. Mod. Pathol. 2011, 24, 209–231. [Google Scholar] [CrossRef] [PubMed]

	



Sadeghi, N.; Gerber, D.E. Targeting the PI3K pathway for cancer therapy. Future Med. Chem. 2012, 4, 1153–1169. [Google Scholar] [CrossRef] [PubMed]

	



Vasilatos, S.N.; Katz, T.A.; Oesterreich, S.; Wan, Y.; Davidson, N.E.; Huang, Y. Crosstalk between lysine-specific demethylase 1 (LSD1) and histone deacetylases mediates antineoplastic efficacy of HDAC inhibitors in human breast cancer cells. Carcinogenesis 2013, 34, 1196207. [Google Scholar] [CrossRef] [PubMed]

	



Xu, J.; Prosperi, J.R.; Choudhury, N.; Olopade, O.I.; Goss, K.H. β-Catenin is required for the tumorigenic behavior of triple-negative breast cancer cells. PLoS ONE 2015, 10, e0117097. [Google Scholar] [CrossRef] [PubMed]

	



Hayes, M.J.; Thomas, D.; Emmons, A.; Giordano, T.J.; Kleer, C.G. Genetic changes of Wnt pathway genes are common events in metaplastic carcinomas of the breast. Clin. Cancer Res. 2008, 14, 4038–4044. [Google Scholar] [CrossRef]

	



Chen, R.; Luo, F.K.; Wang, Y.L.; Tang, J.L.; Liu, Y.S. LBP and CD14 polymorphisms correlate with increased colorectal carcinoma risk in Han Chinese. World J. Gastroenterol. 2011, 17, 2326–2331. [Google Scholar] [CrossRef]

	



Kovacs, G.; Peterfi, L.; Farkas, N.; Javorhazy, A.; Pusztai, C.; Szanto, A. Expression of inflammatory lipopolysaccharide binding protein (LBP) predicts the progression of conventional renal cell carcinoma-a short report. Cell. Oncol. 2017, 40, 651–656. [Google Scholar] [CrossRef]








[image: Biology 11 00555 g001 550] 





Figure 1. A significant difference between the control culture (WNT3 control) and the cultures with paclitaxel (WNT3 paclitaxel), and between cultures with 60 and 300 ng of paclitaxel; p = 0.000001. 
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Figure 2. Differences in the expression of exanimated genes between the control cultures and the cultures with paclitaxel, and between the cultures with two examined doses of paclitaxel. (A) A significant difference between the (CTNNB1) control culture and the cultures with paclitaxel, and between cultures with two examined doses of paclitaxel; p = 0.000001; (B) A difference between the control culture (RGS2) and the cultures with paclitaxel, and between cultures with different doses of the cytostatic; p = 0.000001; (C). A significant difference between the control culture (RGS16) and the cultures with the cytostatic, and between cultures with different doses of paclitaxel; p = 0.000001; (D). A difference between the control culture (LAD1) and the cultures with paclitaxel p = 0.000001; (E). A significant difference between the control culture (LBP) and the cultures with paclitaxel, and between cultures with two doses of paclitaxel; p = 0.000001; (F). A difference between the control culture (TAP2) and the cultures with paclitaxel; p = 0.000001. There was no difference between the cultures with two doses of the cytostatic; (G). A significant difference between the control culture (PKP3) and the cultures with paclitaxel. There was no significant difference between the cultures with the examined doses of paclitaxel; p = 0.000001; (H). A difference between the control culture (CHN2) and the cultures with a higher dose of paclitaxel. There was no significant difference between the control culture with the lower dose of paclitaxel; p = 0.000001. 






Figure 2. Differences in the expression of exanimated genes between the control cultures and the cultures with paclitaxel, and between the cultures with two examined doses of paclitaxel. (A) A significant difference between the (CTNNB1) control culture and the cultures with paclitaxel, and between cultures with two examined doses of paclitaxel; p = 0.000001; (B) A difference between the control culture (RGS2) and the cultures with paclitaxel, and between cultures with different doses of the cytostatic; p = 0.000001; (C). A significant difference between the control culture (RGS16) and the cultures with the cytostatic, and between cultures with different doses of paclitaxel; p = 0.000001; (D). A difference between the control culture (LAD1) and the cultures with paclitaxel p = 0.000001; (E). A significant difference between the control culture (LBP) and the cultures with paclitaxel, and between cultures with two doses of paclitaxel; p = 0.000001; (F). A difference between the control culture (TAP2) and the cultures with paclitaxel; p = 0.000001. There was no difference between the cultures with two doses of the cytostatic; (G). A significant difference between the control culture (PKP3) and the cultures with paclitaxel. There was no significant difference between the cultures with the examined doses of paclitaxel; p = 0.000001; (H). A difference between the control culture (CHN2) and the cultures with a higher dose of paclitaxel. There was no significant difference between the control culture with the lower dose of paclitaxel; p = 0.000001.



[image: Biology 11 00555 g002]







[image: Biology 11 00555 g003 550] 





Figure 3. Differences in the expression of exanimated genes between the control cultures and the cultures with paclitaxel, and between the cultures with two examined doses of paclitaxel (60 and 300 ng ); (A). A significant difference between the control culture (WNT10B control) and the cultures with paclitaxel (WNT10B paclitaxel) and between cultures with different doses of paclitaxel; p = 0.000001. (B) A difference between the control culture (RAB32) and the cultures with paclitaxel, and between cultures with different doses of paclitaxel; p = 0.000001. (C). A significant difference between the control culture (SR-BP1) and the cultures with paclitaxel, and between the cultures with different doses of the drug; p = 0.000001. (D). ANOVA showed a difference between the control culture (BCAR) and the cultures with paclitaxel; p = 0.000001. There was no significant difference between the cultures with the examined doses of paclitaxel. (E). A difference between the control culture (LAMC) and the cultures with two doses of paclitaxel; p = 0.000001. (F). ANOVA showed a significant difference between the control culture (CLDN5) and the cultures with paclitaxel, and between the cultures with different doses of the drug; p = 0.000001. 
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Figure 4. Tested genes and the biological process.  [image: Biology 11 00555 i019]biological adhesion (GO:0022610)  [image: Biology 11 00555 i020]- CLDN5, PKP3, [image: Biology 11 00555 i021]biological process involved in interspecies interaction between organisms (GO:0044419)  [image: Biology 11 00555 i020]- LBP,  [image: Biology 11 00555 i022]biological regulation (GO:0065007)  [image: Biology 11 00555 i020] -LBP, WNT10B, SREBF1, CHN2, BCAR3, CTNNB1, WNT3,  [image: Biology 11 00555 i001]cellular process (GO:0009987)  [image: Biology 11 00555 i020]-LBP, WNT10B, SREBF1, RAB32, CLDN5, PKP3, BCAR3, TAP2, CTNNB1, WNT3,  [image: Biology 11 00555 i019]developmental process (GO:0032502)  [image: Biology 11 00555 i020]-WNT10B, WNT3,  [image: Biology 11 00555 i002]immune system process (GO:0002376)  [image: Biology 11 00555 i020]-LBP,  [image: Biology 11 00555 i021]localization (GO:0051179)  [image: Biology 11 00555 i020]-RAB32, TAP2,  [image: Biology 11 00555 i003] metabolic process (GO:0008152)  [image: Biology 11 00555 i020]-SREBF1, BCAR3, CTNNB1,  [image: Biology 11 00555 i004]multicellular organismal process (GO:0032501)  [image: Biology 11 00555 i020]-WNT3, WNT10B,  [image: Biology 11 00555 i004]pigmentation (GO:0043473)  [image: Biology 11 00555 i020]-RAB32,  [image: Biology 11 00555 i006]response to stimulus (GO:0050896)  [image: Biology 11 00555 i020]-LBPLBP, WNT10B, WNT3,  [image: Biology 11 00555 i005]signaling (GO:0023052)  [image: Biology 11 00555 i020]-LBP, WNT10B, WNT3. 
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Figure 5. Tested genes and pathway.  [image: Biology 11 00555 i006]Alzheimer disease-presenilin pathway (P00004)  [image: Biology 11 00555 i020]-WNT3, CTNNB1, WNT10B,  [image: Biology 11 00555 i007]Angiogenesis (P00005)  [image: Biology 11 00555 i020]-WNT10B, CTNNB1,  [image: Biology 11 00555 i008]CCKR signaling map (P06959)  [image: Biology 11 00555 i020]-CTNNB1, RGS2,  [image: Biology 11 00555 i009]Cadherin signaling pathway (P00012)  [image: Biology 11 00555 i020]-WNT10B, CTNNB1, WNT3,  [image: Biology 11 00555 i010]Gonadotropin-releasing hormone receptor pathway (P06664)  [image: Biology 11 00555 i020]-CTNNB1,  [image: Biology 11 00555 i011]Heterotrimeric G-protein signaling pathway-Gi alpha and Gs alpha mediated pathway (P00026)  [image: Biology 11 00555 i020]-RGS16, RGS2,  [image: Biology 11 00555 i021]Heterotrimeric G-protein signaling pathway-Gq alpha and Go alpha mediated pathway (P00027)  [image: Biology 11 00555 i020]-RGS16, RGS2,  [image: Biology 11 00555 i019]Integrin signalling pathway (P00034)  [image: Biology 11 00555 i020]-LAMC1,  [image: Biology 11 00555 i012]Wnt signaling pathway (P00057)  [image: Biology 11 00555 i020]-WNT10B,CTNNB1, WNT3,  [image: Biology 11 00555 i013]p53 pathway feedback loops 2 (P04398)  [image: Biology 11 00555 i020]-CTNNB1. 
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Figure 6. Tested genes and molecular functions.  [image: Biology 11 00555 i014]ATP-dependent activity (GO:0140657)  [image: Biology 11 00555 i020]-TAP2,  [image: Biology 11 00555 i015]binding (GO:0005488)  [image: Biology 11 00555 i020]-LBP, CHN2, WNT10, BSREBF1, PKP,CTNNB1, 3WNT3,  [image: Biology 11 00555 i016]catalytic activity (GO:0003824)  [image: Biology 11 00555 i020]-RAB32, CHN2, TAP2,  [image: Biology 11 00555 i017]molecular function regulator (GO:0098772)  [image: Biology 11 00555 i020]-WNT3, CHN2, WNT10B,  [image: Biology 11 00555 i018]molecular transducer activity (GO:0060089)  [image: Biology 11 00555 i020]-WNT10B, WNT3,  [image: Biology 11 00555 i018]transcription regulator activity (GO:0140110)  [image: Biology 11 00555 i020]-SREBF1, CTNNB1,  [image: Biology 11 00555 i022]transporter activity (GO:0005215)  [image: Biology 11 00555 i020]-TAP2. 
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Table 1. The list of examined genes.






Table 1. The list of examined genes.





	WNT3
	WNT3 wingless-type MMTV integration site family, member 3



	RAB32
	RAB32 2, a member of the RAS oncogene family



	WNT10B
	WNT10B wingless-type MMTV integration site family, member 10B



	BCAR3
	BCAR3 breast cancer anti-estrogen resistance 3



	CTNNB1
	CTNNB1 catenin (cadherin-associated protein), beta 1, 88kDa



	CHN2
	CHN2 chimerin (chimaerin) 2



	LAD1
	LAD1 ladinin 1



	RGS16
	RGS16 regulator of G-protein signaling 16



	RGS2
	RGS2 regulator of G-protein signaling 2, 24kDa



	LAMC1
	LAMC1 laminin, gamma 1 (formerly LAMB2)



	LBP
	LBP lipopolysaccharide binding protein



	SR-BP1
	sterol response element-binding protein-1



	TAP2
	Transporter associated with the transformation of antigens



	PKP3
	PKP3 plakophilin 3



	CLDN5
	CLDN5 claudin 5 (transmembrane protein deleted in velocardiofacial syndrome)
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Table 2. Analysis of the correlation of gene expression with the Spearman’s rank-order test. All values are statistically significant (p < 0.05).






Table 2. Analysis of the correlation of gene expression with the Spearman’s rank-order test. All values are statistically significant (p < 0.05).





	Gene Names
	Statistical Significance
	Correlation





	WNT3 Pacli 300–WNT10 Pacli 300
	0.0338
	0.3548



	RAB 32 Control–RGS2 Control
	0.0027
	0.347



	RAB 32 Pacli 60–PKP3 Pacli 60
	0.0027
	−0.4853



	PKP Pacli 60–RGS16 Pacli 60
	0.0006
	0.5464



	TREM1 Control–PKP3 Control
	0.0311
	−0.3598



	BCAR3 Pacli 60–PKP3 Pacli 60
	0.0036
	−0.4726



	TREM1 Pacli 60–WNT3 Pacli 60
	0.04
	0.3439



	TREM1Pacli 300–PKP3 Pacli 60
	0.047
	−0.3334
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