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Abstract

:

The tumor location in colorectal cancer (right- or left-sided colon cancer) is a key factor in determining disease progression. Right- and left-sided colon tumors are different in their clinical and molecular characteristics. Dysregulation of serum levels of proinflammatory cytokines, such as Transforming Growth Factor β (TGF-β) and Tumor Necrosis Factor-α (TNF-α), and Peroxisome Proliferator Activated Receptor-γ (PPAR-γ), known to be a growth-limiting and differentiation-promoting factor, as well as changes in miRNAs expression, are the major signaling pathways involved in the pathogenesis of this neoplasia. In the serum from 60 colorectal cancer (CRC) patients, we compared the differences in the expression of the levels of TGF-β, TNF-α, and PPAR-γ and in the expression of the main human miRNAs between right and left CRC. A significant over-expression in the TGF-β and TNF-α levels was observed in the serum from right-sided colon cancer patients. For the PPAR-γ, the patients with CRC located on the right-side showed lower levels than those detected in the serum from left-sided CRC subjects. Furthermore, significant differences also existed in the expression of specific circulating miRNAs between right- and left-sided CRC. In particular, the right upregulated miRNAs were all involved in the cell growth and proliferation related pathways. These findings confirm that the analysis of circulating levels of TGF-β, TNF-α, and PPAR-γ, as well as the study of the specific miRNAs in the serum, are able to identify specific characteristics of CRC patients, useful for choosing a personalized treatment protocol.
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1. Introduction


Colorectal cancer (CRC) is the second leading cause of cancer-associated mortality worldwide and the most common cancer of the gastro-intestinal tract [1]. CRC can be divided in right and left-sided CRC. Right- sided tumors form in cecum, ascending colon and transverse colon, while the left-sided tumors are located at the descending colon, sigma and rectum [2,3]. Epidemiological studies show that the incidence of right- or left- sided CRC can be influenced by sex and age with implications related to survival [4]. Right-sided (proximal) colon cancer is a more aggressive-type tumor compared to left-sided (distal) colon cancer [5], and patients with proximal colon cancer are more often females than males [6]. In an advanced stage of the neoplasia, proximal colonic tumors are more often flat, while distal colonic tumors are a polypoid-type [7].



CRC exhibits also different molecular and pathological characteristics depending on tumor location. Chromosomal instability and p53 mutations are more often observed in left-sided colon cancer [8], whereas microsatellite instability (MSI) and B-Raf proto-oncogene, serine/threonine kinase (BRAF) mutation are often observed in right-sided colon cancer [9,10].



Therefore, early diagnosis of the neoplastic lesion and identification of the best protocol to treat patients with CRC are the main objectives to reduce the incidence of mortality from this type of tumor [11,12].



Several clinical studies have suggested that inflammatory tissue conditions promote cancer development; in particular, some evidence pointed out a relationship between the activation of inflammatory cytokines and a poor prognosis in patients with CRC [13].



Impaired regulation of serum levels of proinflammatory cytokines, such as Transforming Growth Factor β (TGF-β) and Tumor Necrosis Factor Alpha (TNF-α), and the down-expression of Peroxisome Proliferator Activated Receptor Gamma (PPAR-γ), known to be a growth-limiting and differentiation-promoting factor, are major signaling pathways involved in the pathogenesis of CRC [13,14].



TGF-β is an inflammatory cytokine that regulates tissue growth and elevated levels of TGF-β are connected to advanced CRC stages [15]. TGF-β acts as a tumor suppressor by inhibiting proliferation and inducing apoptosis during the early stages of tumorigenesis [16], whereas it is considered a tumor promoter in advanced CRC.



TGF-β promotes the immune escape of CRC cells through the accumulating mutations in the TGF-β signaling cascades [17], including the mutation in genes that encode TGF-β ligands [18,19].



The serum cytokine TNF-α is considered a biomarker associated with a clinical outcome in CRC patients [20]. TNF-α is involved in maintenance and homeostasis of the immune system, inflammation and host defense. This versatile cytokine has a central role in apoptosis, angiogenesis, and immune cells’ recruitment and regulation [20,21]. Recently, the inhibition of endogenous TNF-α is a standard of care for chronic inflammatory diseases, such as ulcerative colitis, Crohn’s disease, and several other diseases, including CRC [22].



Genetic and epigenetic modifications of the PPAR-γ signaling-related pathways play a fundamental role in the initiation and progression of CRC [23]. PPAR-γ exerts a tumor suppressor role in cancer, potentially linked with the Wnt/β catenin pathway. Dysregulation in PPAR-γ expression has been shown to promote tumorigenesis in the colon, and the efforts to design PPAR-γ agonists could be beneficial in therapy and/or prevention for patients with CRC [23,24,25].



Epidemiological studies have widely demonstrated that tumor location, in the colon, is a crucial factor influencing disease management [26]. Right- and left-sided colon tumors are different in their clinical and molecular characteristics [27], due to their distinct embryological origins. Also, the microenvironment can influence the development of the tumor site due to the dynamic exchanges between the cancer cells and their neighboring cells [28], as well as diet, physical activity, and smoking. Right-CRC has been shown to be characterized by a more advanced tumor stage, larger tumor size, and poorly differentiated tumor cells, and affects older and female subjects more than left-sided CRC [29,30].



Several studies have demonstrated that differences in clinical outcomes and drug responsiveness are dependent on the location of cancer along the colon [31]. Right-sided colon cancer occurring within the cecum, ascending colon, hepatic flexure or in transverse, are often influenced by diet [31]. A significant increase in the incidence of CRC in eastern populations seem to be due to a change in dietary preferences in favor of a saturated fatty acid-rich western style diet [32]. A high dietary intake of saturated fatty acids has been implicated in obesity-associated gene expression profile and metabolic syndrome [33,34]. Cancer cells rely on the nutrient to maintain their increased demand for energy and, therefore, available nutrients, as well as intestinal microbioma, which regulates cancer cell proliferation and differentiation.



The human gut microbioma’s function is to protect against infection, and produce vitamins and immune cells [35]. However, under the condition of imbalance or dysbiosis, the gene coding of molecules is broken, and harmful compounds are metabolized by pathogenic microorganisms. Recently, significant differences were observed in colon microbioma between right- and left-sided colon cancer [36]. The heterogeneous nature of the colon microbiome correlated with some clinicopathologic features of CRC, including tumor site [37].



The gut microbiome appears to interact with host microRNAs (miRNAs), which in turn are able to shape the composition and metabolism of gut microbes [38]. In addition, it is known that some species of bacteria facilitate tumorigenesis in CRC, in a miRNA-dependent manner [39].



miRNAs are short, non-coding RNA sequences of 19 to 23 nucleotides able to regulate the expression of genes involved in both normal healthy conditions and in the pathogenesis of several diseases, including cancer [40].



miRNA profiling has been shown to be a potential biomarker in site-specific CRC [41], as different miRNAs regulate cell growth, proliferation and metastasis in right versus left CRC [42]. Eneh et al. demonstrated that miR-30, miR-155, miR-150, miR-31, miR-330, miR-15 and miR-130 are upregulated in right-sided CRC compared to left-sided CRC [42]. Also, Mjell et al. showed that there are miRNAs, such as miR-615-3p, which are upregulated in right-sided colon cancer compared to left-sided cancers; however, they also found that this miRNA is upregulated in the right-sided normal colon compared to the left-sided normal colon. The difference in expression of these miRNAs between the right and left side is probably due to biological differences between the left and right colon [43], whereas let-7, miR-193, miR-145, miR-196, miR-9 and miR-99 are upregulated in left-sided CRC compared to right-sided CRC [42].



The tumor location may be indicative for the activation of predominant molecular pathways participating in the progression of the neoplasia. miRNAs detected in the right-sided CRC have been demonstrated to participate in the TGF-β signaling pathways [44], whereas the left miRNAs participate in the mTor, Wnt, and P13K-Akt signaling pathways [44,45].



To date, CRC has no specific serum biomarkers to promote an early diagnosis and a targeted treatment. Recently, it is demonstrated that differences in TGF-β pathways were able to stratify CRC into two clusters exhibiting significant differences in survival outcomes [4]. In this context, changes in the serum levels of a panel of circulating cytokines was detected in CRC patients [46], but the mechanism involving these molecules remains to be determined.



Assuming the involvement of circulating cytokines, such as TGF-β, TNF-α, and PPAR-γ, in metabolic pathways related to CRC, in this study, we compared the differences in the expression of serum levels of these cytokines between right- and left-sided CRC.



Moreover, since tissue-based studies have found several differentially expressed miRNAs in the cascade of colon carcinogenesis, here, we have also investigated the expression of the main human miRNAs in relation to tumor site.




2. Materials and Methods


2.1. Patients


The study was conducted on serum samples collected in the Biobank of our Institute and taken from 60 patients (42 males and 18 females, mean age 68.8 ± 8.8) with histologically proven primary CRC. None of the patients received preoperative chemotherapy and/or radiotherapy. Written informed consent was obtained from all the patients for blood sample storage and clinical data collection.



Primary tumors located at the cecum, ascending colon, and transverse colon were defined as right-sided colon cancer, whereas primary tumors located at the splenic flexure, descending colon, sigmoid and rectum colon were defined as left-sided colon cancer.




2.2. Biochemical Analysis


Serum levels of TGF-β, TNF-α and PPAR-γ were performed with a quantitative sandwich ELISA kit (MyBioSource Inc., San Diego, CA, USA) according to the manufacturer’s recommendations. Briefly, for each cytokine, standards and serum samples were pipetted in duplicate into a 96-well plate together with the specific antibody. A HRP conjugate reagent was added and the plate was incubated at 37 °C. Next, the wells were washed, the substrate reagent was added, and after 15 min at 37 °C, the color changed to blue. The enzyme–substrate reactions were terminated by the addition of the stop solution. The optical density (OD) was read at 450 nm with a plate reader, and the concentration of TGF-β, TNF-α and PPAR-γ was calculated by comparing the OD of the sample with each standard curve for single cytokine.




2.3. miRNAs Analysis


The analysis of serum human miRNAs was performed by Real-Time quantitative PCR. Total RNA was isolated from 200 μL of serum using the miRNeasy Serum/Plasma Advanced Kit (Qiagen, Hilden, Germany), following the manufacturer’s instructions and previously described [47]. Briefly, buffer RPL and buffer RPP were added to serum, incubated at room temperature and centrifuged at 10,000 rpm × 3 min. The supernatant was recovered, placed on a RNeasy UCP MinElute column with the addition of 1 volume of isopropanol, centrifuged and then flow-through was discarded. The following buffers were then added (buffer RWT, buffer RPE and 80% ethanol). After addition, each solution was centrifuged at 10,000 rpm and flow-through was discarded. The RNeasy UCP MinElute column was again centrifuged at full speed for 5 min to dry the membrane and 20 μL of RNase-free water was added directly to the center of the spin column membrane, incubated for 1 min and centrifuged at full speed for 1 min to elute RNA. To monitor RNA isolation/purification 1 μL of RNA Spike-in mix (Quiagen, Hilden, Germany) containing UniSp2, UniSp4, UniSp5 was added, while 1 μL of UniSp6 and cel-miR-39-3p to evaluate the efficiency of the reverse transcription step.



The RNA obtained was reverse transcribed using the miRCURY LNA RT Kit (Quiagen, Hilden, Germany) following the manufacturer’s instructions. After the reverse transcription step, the quantification of the main circulating human miRNAs was performed by miRCURY LNA SYBR Green PCR Kit (Qiagen, Hilden, Germany), containing a high-performance PCR master mix, and the miRCURY LNA miRNA Serum/Plasma Focus PCR Panel (Qiagen, Hilden, Germany, Cat. no. YAHS-106Y). The Qiagen PCR Panel contained 179 circulating miRNAs, including potential reference genes (miR103-3p, miR-191-5p, miR-423-5p, miR-93-5p, and miR-425-5p) and controls for hemolysis (miR-451a and miR-23a-3p). The data analysis web portal (http://www.qiagen.com/geneglobe, accessed on 28 June 2023) calculates fold change using the Δ-ΔCT method, in which ΔCT is calculated between the miRNA of interest and an average of the reference miRNAs, followed by Δ-ΔCT calculations. The analysis report was exported from the Qiagen web portal GeneGlobe.




2.4. Statistical Analysis


Patients’ characteristics are reported as mean and standard deviation (Mean ± SD) for continuous variables, and as frequency and percentages (%) for categorical. To test the association between the independent groups (Right side vs. Left side), Chi-square or Fisher test was used for categorical variables, where necessary, and the Wilcoxon Rank Mann–Whitney was chosen for continuous variables. The heatmap was generated based on complete linkage of hierarchical clustering with Euclidean distance.



To test the null hypothesis of non-association, the two-tailed probability level was set at 0.05. The analyses were conducted using StataCorp.2021 software (Release 17) College Station, TX, USA: StataCorp LLC while RStudio (“Mountain Hydrangea” Release) was used for the plots.



CT values of miRNAs analysis were exported to an Excel table, the table was uploaded to the Data Analytics web portal at http://www.qiagen.com/geneglobe, accessed on 28 June 2023.




2.5. Bioinformatics Analysis


Functional analysis of these selected miRNAs was carried out with the novel release 2.0 of the miRNA Pathway Dictionary Database (miRPathDB) that is freely accessible at https://mpd.bioinf.uni-sb.de/, accessed on 29 June 2023 [48].



miRPathDB is a database that provides information on miRNAs, their target genes, and their target pathways. In this study, the results for the analyzed miRNA targets were represented as a heat map by selecting the KEGG (Kyoto Encyclopedia of Genes and Genomes) database, and “experimental (strong)” evidence, at least one of the significant pathways for miRNA, and at least one significant miRNA for the pathway. In the heat map, the color of individual entries corresponds to the p-value of the associated enrichment result (darker colors indicate more significant enrichments of miRNA target genes in the corresponding biological processes).





3. Results


The comparison of histopathological and blood parameters in patients with right- and left-sided colon cancer is shown in Table 1.



No differences were observed for the variables, such as age, sex, and tumor characteristics between the two categories of the patients. However, the different biology of right- and left-sided colon tumors was confirmed by a different expression of circulating molecules involved in the regulation and control of cell proliferation. In this regard, a statistically significant increase in circulating levels of TGF-β and TNF-α from patients with CRC located to right side was observed when compared with the patients with the colon tumor located at left side (Figure 1). For the PPAR-γ, the right-side CRC patients showed lower levels than those detected in the serum from left-sided colon cancer patients (Figure 1). These findings confirm that left- and right-sided colon cancers harbor distinct and diverse characteristics.



The identification of the circulating cytokines profile, capable to recognize specific subgroups of CRC patients, allow an appropriate clinical treatment, improving the efficacy of therapies.



The analysis of circulating miRNAs allowed to identify further differences between right- and left-sided colon tumor patients. In particular, after excluding several miRNA targets with Ct values > 35 for their low expression, a panel of nine serum miRNAs (hsa-miR-125a-5p, hsa-miR-144-3p, hsa-miR-93-5p, hsa-miR-30a-5p, hsa-miR-339-5p, hsa-miR-338-3p, hsa-miR-92a-3p, hsa-let-7b-5p, hsa-miR-185-5p) distinguished right- and left-sided CRC with fold changes > 2 (Figure 2). All these nine miRNAs resulted in upregulating the serum from patients with right-sided CRC, compared with left-sided CRC patients.



The heatmap, shown in Figure 3, depicts the enrichment results of seven out of the nine miRNAs in the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. Two of these seven miRNAs, miR-125a-5p and let-7b-5p, were involved in the regulation of a great number of pathways and with more significant associations. The hsa-miR-125a-5p seems to be mainly involved in cancer-related pathways, whereas the hsa-let-7b-5p seems to participate in the DNA replication and cell metabolism pathways.




4. Discussion


Biologically, CRC is a heterogeneous type of tumor, characterized by a significative clinical variability [49]. In colon cancer, the site of the tumor is one aspect of heterogeneity, due to distinct biological and molecular features existing between the left and right colon tract.



Several clinical studies have demonstrated that left- and right-sided colon tumors are different diseases, based also on their surgical procedures, as well as complication rates and recurrence patterns [50]. In particular, right-sided colon cancers are characterized by high immunogenicity and a worse prognosis [3,51]. Therefore, different treatment strategies should be applied for patients based on the location of the neoplasia.



It is widely recognized that serum cytokine content reflects what is present in the tumor microenvironment [46]. Alterations in the expression of cytokines and/or chemokines secreted in the tumor microenvironment are key events involved in the pathogenesis of CRC. Immune mediators’ changes are correlated with tumor progression and prognosis of this type of cancer [52].



On the basis of these premises, tumor microenvironment-derived serum markers are considered a rapid and easily accessible diagnostic and prognostic tool for CRC patients’ outcome [53].



Interestingly, TGF-β and TNF-α stimulate cell growth and invasion in an autocrine and paracrine manner. On tumor progression, TGF-β facilitates tumor angiogenesis and metastasis [54], as well as TNF-α promoting the necrosis of endothelial cells involved in tumor cells migration [55].



PPAR-γ is one of the three different isoforms of the PPARs family (PPARα, PPARβ/δ and PPAR-γ) and acts as a tumor suppressor in CRC. Evidence that PPAR-γ has an antitumor effect in CRC comes from several experimental studies showing that PPAR-γ activation is associated with the inhibition of cell growth. Moreover, PPAR-γ also has a direct inhibitory effect on the expression of proinflammatory cytokines, including TNF-α [23,56].



Increased serum levels of TGF-β and TNF-α, detected in the patients with right-sided colon cancer, could predict adverse outcome with respect to the patients with left-sided colon cancer. These differences in survival outcomes are principally due to an altered organization of extracellular matrix observed in right-sided CRC [57,58].



Moreover, the down-regulation of the PPAR-γ levels observed in the serum from right-sided colon cancer patients confirms the loss of the PPAR-γ modulators with an inhibitory effect on colon cancer cell proliferation. In this context, PPAR-γ signaling is drawing increasing attention as a key molecule involved in CRC pathogenesis. The tumor suppressive activity of PPAR-γ could be altered at multiple levels through abnormal DNA phosphorylation and hypermethylation, and presumably could be related to patients’ prognoses [23].



Recently, the interaction between the tumor and the immune cells has been detected to be modulated by small proteins, as the circulating cytokines TGF-β, TNF-α, and PPAR-γ are detectable in peripheral blood [59].



Significant differences also exist in the expression of several circulating miRNAs between the two anatomical sites of CRC. By comparing the miRNAs expression between right- and left-sided CRC, we detected nine upregulated miRNAs in the serum of patients with right-sided CRC. The predominant biological pathways involving these upregulated miRNAs are mainly related to cell growth and proliferation. Interestingly, hsa-miR-93-5p and especially hsa-miR-125a-5p participate in the TGF-β signaling pathway. This finding is consistent with other studies showing that the TGF-β pathway is predominant in right-sided CRC [42]. The regulation of the TGF-β pathway by specific miRNAs expression might play a key role in tumor aggressiveness, facilitating an inflammatory reaction via a TNF receptor family mechanism [46].



Aberrant expression of miRNAs has been shown to play a role in CRC initiation and progression. Several miRNAs can act as oncogenes by inhibiting the expression of tumor suppressor genes and, on the other hand, can also exhibit tumor-inhibiting characteristics that favor the control of cell proliferation [38].



A close link between specific miRNAs and CRC development exists, with changes in miRNAs expression particularly noticeable during the transition from adenoma to a malignant tumor [60].



Although further clinical and experimental studies will be needed before designating specific miRNAs as potential new biomarkers for CRC, the use of these molecules to establish personalized treatment protocols based on tumor location should be encouraged in CRC management.




5. Conclusions


Despite the small sample size, which is considered a limitation of the study, the identification of specific circulating serum cytokines and miRNAs associated with right-sided colon cancer has certain implications for understanding the role and the impact of these molecules in the diagnostic and therapeutic assessment of CRC patients. The potential use of these biomarkers could be a valuable tool for choosing the safest and most effective treatment protocol and to understand how CRC onset influences cancer cell biology and metabolism through specific interactions across cells and the tumor microenvironment.
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Figure 1. Distribution of cytokines in right- and left-sided CRC. (A) Serum levels of TGF-β (Transforming Growth Factor Beta); (B) Serum levels of TNF-α (Tumor Necrosis Factor Alpha); (C) Serum levels of PPAR-γ (Peroxisome Proliferator Activated-γ). Wilcoxon rank-sum test was