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The COMMD proteins are a family of ten pleiotropic factors which are widely conserved throughout evolution and are involved in the regulation of many cellular and physiological processes. COMMD proteins are mainly expressed in adult tissue and their downregulation has been correlated with tumor progression and poor prognosis in cancer. Among this family, COMMD5 emerged as a versatile modulator of tumor progression. Its expression can range from being downregulated to highly up regulated in a variety of cancer types. Accordingly, two opposing functions could be proposed for COMMD5 in cancer. Our studies supported a role for COMMD5 in the establishment and maintenance of the epithelial cell phenotype, suggesting a tumor suppressor function. However, genetic alterations leading to amplification of COMMD5 proteins have also been observed in various types of cancer, suggesting an oncogenic function. Interestingly, COMMD5 is the only member of this family that is located at the extreme end of chromosome 8, near its telomere. Here, we review some data concerning expression and role of COMMD5 and propose a novel rationale for the potential link between the subtelomeric position of COMMD5 on chromosome 8 and its contrasting functions in cancer.
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COMMD Proteins and Cancer

COMMD proteins are part of a large multiprotein complex named Commander that contains up to 15 subunits including the CCC complex: COMMDs (1 to 10) proteins, CCDC22, and CCDC93, and three other components: C16orf62, SH3GLB1, and DSCR3 (1). This complex is highly conserved in vertebrates arguing that it is likely a complex of central importance involved in fundamental cellular function (1–3). COMMDs proteins have been reported in pleiotropic functions including, copper metabolism (4, 5), ubiquitination (6–8), hypoxia adaptation (9, 10), proinflammatory signaling (8, 11, 12), electrolyte transport (13), and endocytic sorting and recycling of various membrane proteins (4, 14–16). Only few studies have directly identified COMMDs proteins as therapeutic target in cancer and most of them reported a downregulation of COMMDs expression in cancer cells, suggested tumor suppressor properties (Figure 1). COMMD1 is the COMMD protein the most cited for its relation to cancer and decreased COMMD1 expression is associated with increased tumor invasion and worse survival (9). COMMD1 expression was reduced in ovarian cancer (9, 17), neuroblastoma (18), prostate cancer (9, 19), head and neck squamous-cell carcinoma (HNSCC) (20), lung cancer (21), and colitis-associated cancer progression (22). As COMMD1 is a suppressor of both the NF-κB and HIF pathways which are transcriptional regulator of inflammation that plays an important role in oncogenesis, it is not surprising that COMMD1 expression has been correlated with patients’ survival in these different types of cancer (9). In colorectal cancer cells, COMMD10 also targets NF-κB (p65 subunit) and reduced its nuclear translocation, thereby leading to the inactivation of NF-κB pathway and cancer cells invasion and metastasis (23). The mRNA expression levels of COMMD3, COMMD4, COMMD5, COMMD6, and COMMD8 were also significantly downregulated in non-small cell lung cancer (NSCLC) cell lines, whereas COMMD9 was up-regulated and promotes the development of NSCLC by interacting with the TFDP1/E2F1 through the COMM domain (24).




Figure 1 | Associated studies to tumor suppressor or oncogenic properties of COMMD proteins. Several studies suggested that COMMD proteins had tumor suppressor properties, especially COMMD1 and COMMD5 that have been the most studied in cancer. Most of these studies reported lower COMMD expression levels in a variety of cancers that correlated with tumor progression. However, a few other publications reported some oncogenic properties and their potential involvement in tumor progression was always associated with chromosomal abnormalities and genetic alterations. Recurrent DNA amplifications and gain of chromosome material at COMMD1, COMMD5, and COMMD3 loci have been reported in various cancers. COMMD5 was the most frequently altered gene among the COMMD members to be associated to tumor progression.



Even if most studies related that decreased COMMDs expression was frequently observed in a variety of cancers and correlated with tumor progression, some publications suggested oncogenic properties (Figure 1). Interestingly, their potential involvement in tumor progression was associated to chromosomal abnormalities and genetic alterations. Studies have investigated the genetic basis of variations in gene expression associated with cancer susceptibility by performing whole genome array, single-nucleotide polymorphism array, and next-generation sequencing analyses. Molecular events were identified and associated with increased risk of malignancies, tumor relapse, and poor survival. They identified recurrent DNA amplifications, and gain of chromosomic region mapping the locus of COMMD1, COMMD5, and COMMD3 have been reported in lymphoma (25–28), leukemia (29, 30), colorectal cancer (31), hepatocellular carcinoma (32), and oral squamous cell carcinoma (33).

COMMD5/HCaRG is the second COMMD protein most published in relation to cancer. A down-regulation of COMMD5 has been observed in renal and lung cancer (15, 24) and in human gastric cancerous tissue (34). However, we noted that COMMD5 is also the most frequently altered gene among the COMMD member that was associated to tumor progression (27, 29, 32, 33). Surprisingly, these studies observed an amplification of COMMD5 that may paradoxically promote cancer progression.



The Variable Expression of COMMD5 in Cancer

Twenty years ago, we identified a novel hypertension-related, calcium-regulated gene, HCaRG, that is overexpressed in different organs of genetically hypertensive strains of rats and whose expression is regulated by extracellular calcium levels with implications in cell proliferation. We mapped its gene on the distal end of human chromosome 8 (35–38). HCaRG was later shown to be COMMD5, the longest protein member of the COMMD family. Our studies demonstrated a role for COMMD5 in the establishment and maintenance of the epithelial cell phenotype, and suggested a tumor suppressor gene function (15, 35, 37–41). COMMD5 levels are low in various cancer cell lines in rodents and humans (35–38). We found that COMMD5 was underexpressed in human clear-cell renal cell carcinomas (CCRCCc) from 117 patients (39). Its expression was maintained in normal tissues adjacent to small renal tumors, while low expression was observed in normal adjacent tissues of larger size RCCs in patients with poor prognosis. Low COMMD5 levels in normal tissues were associated with worse clinical outcome (recurrence-free survival curves/5 years of patients) (39). COMMD5/HCaRG overexpression inhibited tumor growth and angiogenesis in a homograft renal carcinoma mouse model by promoting de-phosphorylation of ErbB2/HER2, ErbB3/HER3, and EGFR, leading to inhibition of ErbB signaling pathways (39). This suggests that add COMMD5 in a cell which loss its protein may reverse the differentiation state of cell which can return to a more differentiation state. Thus, COMMD5 expression is essential to maintain a differentiated state and events that induce downregulation of COMMD5 may lead to mesenchymal state of the cell.

Interestingly, we also found that COMMD5 chromosomic alteration leading to COMDD5 amplification and overexpression was also associated to cancer progression (Figure 2). To deepen this new paradigm, we analyzed the type and frequency of mutations and copy number alterations (CNV) in the COMMD protein family reported in the cBioPortal database (42, 43). This analysis included data from 71,614 samples of different tumor types used in 231 studies. Interestingly, only COMMD2, COMMD5, and COMMD9 presented high rate of genetic alterations (>10% CNV or mutations) (Figure 2A). COMMD5 alterations have been detected in eight cancer studies, compared to four for COMMD2 and only one for COMMD9. The majority of COMMD5 genetic variations corresponded to amplifications and a very low frequency of gene mutation and deep deletions. High-level amplification of COMMD5 was observed in prostate and ovarian cancers. To determine the impact of COMMD5 amplification on its expression, we selected cancer studies with mRNA expression profiles. We found that copy-number gain of COMMD5 strongly correlated with its mRNA upregulation in prostate and ovarian cancers (Figure 2B). None of the other COMMD members showed high mRNA level in these two types of cancers.




Figure 2 | Genetic alterations and tissue expression profile of COMMD proteins and their association to different types of carcinoma. (A) cBioportal database was used to analyze mutations and copy number alterations of COMMD proteins in 231 studies (71,641 samples). Only COMMD2, COMMD5, and COMMD9 presented >10% CNV or mutations and were described in this figure. Genetic alterations of COMMD5 in different types of cancer showed the highest frequency of alterations in prostate and ovarian cancers. (B) Heatmap and copy number variations of COMMD proteins in ovarian cancer and prostate adenocarcinoma TCGA data (n = 46 and n = 316, respectively) obtained from cBioPortal. (C) Graphical summary of COMMD5 mutations from TCGA carcinoma studies mapped across the gene.



We also screened COMMD5 mutations in the 231 studies used above and evaluated their consequence on COMMD5 functions. Among the 44 reported mutations associated to cancer, 34 were located on sequences specific to COMMD5, and only 10 were within the COMM domain, a highly conserved 70–85 residue C-terminal domain shared by all COMMD members (Figure 2C). We used PolyPhen-2 (Polymorphism Phenotyping v2) tool and found that ~14% of mutations in COMMD5 specific region showed a high probability of damaging (high confidence) and ~9%, a potential probability of damaging (lower confidence) COMMD5 function. Among cancer associated to COMMD5 mutations were prostate, breast, lung carcinoma, leukemia, and RCC. We previously showed that COMMD5 is associated to differentiated cell phenotype and is downregulated in different cancer cell lines and RCC (38, 39). We therefore hypothesized that these COMMD5 mutations could disrupt COMMD5 gene or damaged COMMD5 function, leading to malignant cell conversion. Its location on chromosome 8q24, and its crucial role in cellular function makes COMMD5 a putative useful marker of kidney cancer progression and prognosis. Screening for COMMD5 expression levels and somatic mutations in cancer should be initiated.

Thus, these data suggest that both COMMD5 downregulation and upregulation may lead to cancer progression, leading us to propose some hypothesis that may explain this paradox.



The Unique COMMD5 Subtelomeric Position

Among the COMMD family, COMMD5 is the only one located at the extreme end of chromosome 8, 8q24.3 (Figure 3). COMMD5 is the fourth coding protein before the end of the chromosome. In order to explain the variable levels of expression of COMMD5 in cancer, we assessed whether its localization at the end of chromosome 8 could regulate its level of expression in different cancers and during ageing process.




Figure 3 | Chromosomal location of the human COMMD family members. Location of COMMD genes was deduced from the homo sapiens genome view of the National Center for Biotechnology Information (Gene ID: 150684 for COMMD1; 51122 for COMMD2; 23412 for COMMD3; 54939 for COMMD4; 28991 for COMMD5; 170622 for COMMD6; 149951 for COMMD7; 54951 for COMMD8; 29099 for COMMD9 and 51397 for COMMD10). COMMD5 is the only COMMD family member located at the extreme end of chromosome. According to The Human Protein Atlas database, COMMD5 is the fourth protein-coding gene from the end of 8q24.3 chromosome.





Chromosome 8q24.3 Alterations and Cancer Susceptibility

Genome wide association studies (GWAS) have identified a large number of single nucleotide polymorphisms (SNPs) and the majority of common risk alleles discovered to date map outside of known protein coding regions (e.g., intronic and intergenic regions). However, a particularly interesting set of risk loci is clustered within the 8q24 region (chr.8q24) and is linked to susceptibility to different cancers including kidney (44), prostate (45–47), breast (48–50), gastric (51), colon (52–54), ovarian (55, 56), bladder (57), and chronic lymphocytic leukemia (58). In addition, the 8q24 region has recently been identified in a large-scale study across human cancers as the most frequently amplified region (59). One gene found within this chr.8q24 region, MYC, is the most frequently amplified protein-coding gene across all cancer types (59).

Few genetic studies have related copy number variants (CNV) and COMMD5 transcripts to cancer progression. Using Affymetrix SNP 6.0 and Affymetrix GeneChip Human Gene 1.0 ST arrays, Peng et al. have identified recurrent DNA amplifications scattered from 8q22.2 to 8q24.3 in 112 Oral Squamous Cell Carcinoma (OSCC) specimens (33). COMMD5 was a gene within these amplicons that might be critical to OSCC progression and these DNA amplifications significantly associated with poor survival, and possible early development of second primary tumors. In an integrative genomic analysis of a large series of patients with fibrolamellar hepatocellular carcinoma (FLC) using next-generation sequencing, SNP-array and whole-transcriptome analysis, the most frequent focally amplified locus was at 8q24.3 in 4/32 patients (12.5%) spanning several genes including COMMD5 (32). High-resolution cytogenetic techniques that combine laser capture micro-dissection with microarray-based comparative genomic hybridization technology have provided new opportunities to investigate genome-wide DNA alterations in limited-sized lesions (60, 61). Using these technologies, Slovak et al. compared the Hodgkin lymphoma molecular karyotypes to the genomic profiles of germinal center B cells and treatment outcome (chemotherapy responsive vs. primary refractory disease) (27). Among the most frequent gains (>65%), they identified the 8q24.3 region which includes genes associated with growth and proliferation. Among them, COMMD5 was identified. Finally, a recent study examined copy number aberrations in the subtelomeric regions of a patient with de novo acute monocytic leukemia (29). This study reported that COMMD5 locus was in the thirty one out of 92 subtelomeric regions (33.7%) which had duplications between 141,682 and 864,400 bp in size.

Gain of 8q24 region is frequently observed in genome wide association studies (GWAS) of cancer. Through its position on chromosome 8q24.3, COMMD5 is clearly a target for copy-number alterations, and thus a candidate gene for cancer susceptibility. Indeed, using cbioportal database (42, 43), we analyzed COMMD5 mRNA expression relative to normal samples (non-cancerous samples) in several cancer types using the data generated by the Cancer Genome Atlas (TCGA). This analysis included data from 10,967 samples of different human tumor types used in 32 studies. Firstly, we did a correlation analysis between COMMD5 mRNA expression and COMMD5 genetic alterations (Figure 4A). The plot analysis showed that occurrence of COMMD5 amplification is frequently observed in most of cancer types and particularly in breast invasive carcinoma, oesophagus, liver, uterine, and renal cancers, where this amplification correlated with high level of COMMD5 mRNA expression (more than five-fold relative to normal samples). We also found that several shallow deletions and some deep deletions correlated with COMMD5 mRNA downregulation and this is more pronounced in breast invasive carcinoma, colorectal, lung and renal cancer including ccRCC and chromophobe RCC (Figure 4A). We next investigated the relationship between COMMD5 mRNA expression (over or under-expression) and chromosome 8q alterations including 8q amplification (“gained”) or 8q deletion (“lost”) in these tumors (Figure 4B). Interestingly, gain of chromosome 8q were noted in cancers with higher levels of COMMD5 mRNA, including breast invasive carcinoma, oesophagus, liver, and uterine cancers. Furthermore, downregulation of COMMD5 expression correlated with 8q loss in invasive breast cancer, colorectal and lung cancers and in ccRCC and chromophobe RCC.




Figure 4 | Correlation between COMMD5 mRNA expression relative to normal samples and COMMD5 genetic alterations or chromosome 8q status in several cancer types. cBioportal database (42, 43) was used to analyze COMMD5 mRNA expression relative to normal samples in several cancer types using data generated by the Cancer Genome Atlas (TCGA). This analysis included data from 10,967 samples of different human tumor types used in 32 studies. (A) Plot showing correlation between COMMD5 mRNA levels relative to normal samples and COMMD5 genetic alteration in several cancer types. As indicated in the cBioportal database: Deep deletion indicates a deep loss, possibly a homozygous deletion; Shallow deletion indicates a shallow loss, possibly a heterozygous deletion; Gain indicates a low-level gain (a few additional copies, often broad); Amplification indicates a high-level amplification (more copies, often focal). (B) Plot showing correlation between COMMD5 mRNA expression relative to normal samples and chromosome 8q status in several cancer types (including 8q amplification “gained”, 8q deletion “lost”, no changes in 8q status “normal diploid” and no data). Abbreviations: Lung adeno, lung adenocarcinoma; Lung squ, lung squamous cell carcinoma; ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal cell carcinoma.



Altogether these data support our hypothesis that COMMD5 expression may be influenced by chromosome 8q alterations, thus, we next investigated whether its proximity to telomere could influence the up- as well as downregulation of COMMD5 gene expression levels.



Is COMMD5 Expression Controlled by Its Subtelomeric Position?

The extreme ends of eukaryotic chromosomes, the telomeres, are special structures that provide protection from enzymatic end-degradation and are crucial in the maintenance of chromosome integrity and genomic stability (62). During cell division throughout life, telomeres are progressively shortened and when telomeres reach a threshold length, a DNA damage response is triggered, leading cells to enter in senescence or in apoptosis (63, 64).

Firstly, it is tempting to propose that COMMD5 functions could be related to the subtelomeric position of its gene as studies suggested that telomere length influences cell differentiation (62, 65). In this context, our previous studies demonstrated that COMMD5 plays an essential role in the establishment and maintenance of the epithelial cell phenotype (35–38). Furthermore, we showed that COMMD5 overexpression in kidneys accelerated tubular repair after ischemic injury of transgenic mice by modulating renal cell proliferation and migration, and by facilitating their re-differentiation (40, 41). This is in line with Westhoff et al. who demonstrated that short telomeres are associated with an increased renal injury and decreased recovery (66). Hirashima et al. (62) used PC-3 (prostate cancer) cells exhibiting short telomeres and forced their elongation by enhancing cellular telomerase activity. They observed that telomere elongation in these cells resulted in the formation of duct-like structures and well-differentiated tumors in vivo. We analyzed COMMD5 mRNA expression in this study by using data from Gene expression omnibus (GEO) profile GSE41559 (Figure 5). In most cases, COMMD5 expression inversely correlated with the expression of N-cadherin, a mesenchymal marker and with STAT1, an immune response-related gene in the tumor microenvironment while COMMD9 expression, whose chromosomic location is not in telomeres did not correlate with cancer cell differentiation status. This novel observation showed that high levels of COMMD5 correlated with 1) telomere elongation (by hTERT overexpression and by hTERT+CRE), and 2) cell differentiation induced by telomere elongation. Pucci et al. (65) also showed that functional telomeres are important for the stability of stem cell differentiation as short telomeres in embryonic stem cells led to unstable differentiation. Cancer cells maintain shorter telomeres than the cells in the surrounding normal tissues to sustain their undifferentiated state. We have shown that higher COMMD5 protein levels in normal tissue surrounding RCC tumors favored their differentiated phenotype, reduced tumor growth and enlargement, and correlated with survival rate and better prognosis of patients with RCC (39). Interestingly, many studies observed shorter telomere length in RCC tumors compared with paired normal tissue (67–72). Pal et al. (73) analyzed 100 cases of RCC for telomerase activity and found that RCC tissues had significantly shorter telomere length than the adjacent normal parenchyma. They also found a correlation between telomere length and grades (p = 0,016) of ccRCC but not with its stages (0,20) or subtypes (p = 0,67): low-grade tumors had significantly longer telomeres than high grades which correlated with reduced telomere length. Furthermore, shortening of telomeres has been shown to contribute to renal abnormalities including, glomerular senescence, impaired potassium clearance, renal cysts, fibrosis, glomerulosclerosis, and renal cell carcinomas (74).




Figure 5 | Analysis of mRNA expression profiles in PC-3 prostate cancer cells in the presence of exogenous human telomerase reverse transcriptase (hTERT). Forced elongation of telomeres correlated with COMMD5 expression. Data were extracted from the geoprofile database (GSE41559), plotted in an excel file and analyzed. Hirashima et al. (62) established a PC-3 sub-line that overexpressed exogenous hTERT (hTERT) and upregulation of telomerase activity and substantial telomere elongation in these PC-3/hTERT cells was compared with control cells (Mock). To examine whether the formation of the duct-like structures resulted from telomere elongation and not from increased levels of hTERT protein, they removed the hTERT transgene after telomere elongation using the Cre/loxP system. They added the loxP sequence at both the 5′ and 3′ ends of the wild-type hTERT cDNA and established the stable PC-3/LhTERTL cell line (hTERT+CRE) or control cells (Mock-CRE). They subcutaneously injected these four PC-3 cell lines, mock, hTERT, mock-CRE, and hTERT+CRE, into nude mice and collected the resultant xenograft tumors to monitor gene expression that might be important for differentiation of PC-3 cells in vivo using a microarray approach. Forced elongation of telomeres in cancer cells promotes PC-3 cell differentiation and the mRNA expression of N-cadherin, STAT1 and COMMD5 but not COMMD9.



Secondly, although telomere shortening can lead to genetic instability and is often correlated with the onset of diseases and cancers, many studies have provided evidence that long telomeres can also contribute to cancer development (75, 76). Indeed, even if telomere attrition imposes a barrier to cell proliferation, some cancers developed an adaptative response and can bypass DNA damage response pathways and cellular senescence by upregulating telomerase, a cellular ribonucleoprotein enzyme complex whose function is to elongate telomeres (77). Thus, the association between telomere length and the risk of cancer remains conflicting and these observations suggest that telomeres may play diverse roles in different type of cancers. In renal cancer, Morais et al. proposed that telomeres may play a dual role during RCC carcinogenesis; in the early stages, short telomeres may increase RCC risk and in late carcinogenesis, long telomeres seem to be associated with bad tumor prognosis (71). Using a large series of colorectal cancers, Rampazzo et al. demonstrated that telomere length varies not only with tumor stage but also differs according to tumor location, being longer in rectal cancers (p = 0.03) (78). They also demonstrated that telomeres were significantly shorter in colorectal than in adjacent non-cancerous tissues, regardless of tumor stage, grade, site, or genetic alterations. Hence, they proposed that the different telomere lengths in cancers may be due to different kinetics of telomere erosion/stabilization.

Considering these observations, we propose that the variability of telomere length in different type of cancers could explain the variable expression of COMMD5 in cancers. This hypothesis is strengthened by the concept of telomere position effects over long distances, TPE-OLD, a mechanism by which gene expression is modulated by telomere length dependent loops (79–82). These telomere loop structures bring genes in direct proximity to the telomeres and can extend to at least 10 Mb from the chromosome end. Studies demonstrated that TPE-OLD induces a local modification of chromatin organization leading to transcriptional changes of genes in close proximity to the loop (80, 83, 84). This phenomenon is explained by the fact that TPE-OLD involve chromatin modifications (acetylation, methylation) and chromatin remodeling factors that influence gene in direct proximity to this telomere loop (85–89). Upon telomere shortening, looping diminishes, separating the TPE-OLD genes from the telomere and its chromatin signature, inducing a new transcriptional modulation of neighboring genes (79). Loop disruption occurs long before telomere shortening induces DNA damage responses.

Thus, TPE-OLD is an active mechanism that participates in the regulation of gene expression by upregulating or down-regulating their expression. We suggest that TPE-OLD could be one of the mechanisms responsible for differential transcriptional levels of COMMD5 in cancer.



Could COMMD5 Subtelomeric Position Influence Cell Senescence?

It has been proposed that when telomeres shorten to a critical point, a signal is sent to stop further cell division, the hallmark of cellular senescence. The subtelomeric position of COMMD5 raises the question whether loss of COMMD5 after telomere shortening could participate to cellular senescence. Cellular senescence refers to the irreversible arrest of cell proliferation (growth) (64, 90). We reported previously (15) that proliferation of renal cell lines (HK-2) depleted of COMMD5 by specific siRNA, is stopped without DNA fragmentation or cell mortality. Morphological change is one of the featured characteristics of senescence. Morphological changes that accompany replicative senescence are increased in cell, nuclear, and nucleolar size, presence of multinucleated cells, prominent Golgi apparati, higher number of vacuoles in the endoplasmic reticulum and cytoplasm, more cytoplasmic microfilaments, and large lysosomal bodies (91, 92). Size of senescent cells could be twice as much as non-senescent ones (93). We found that COMMD5 loss induced important morphological changes including higher number of cytoplasmic vacuoles, a rounded cell shape with a doubled cell size and 1.5 fold larger cell nucleus [Figure 6 and (15)]. In addition, COMMD5 depletion led to a strong cytoskeletal re-organization with an enrichment of actin stress fibers and a disorganized distribution of microtubules that lose their orientation and acquire an equal radial distribution [Figure 6 and (15)]. These characteristics have also been reported by Xu et al. (94) who showed that miR-22 repressed cancer progression by inducing cellular senescence. They found a significant difference in cell size (up to 1.6-fold) between senescent cells induced by miR-22–treatment and control cells. In addition, miR-22–treated cells contained larger actin stress fibers and the authors proposed that miR-22–induced senescence morphology in cancer cells reduced cell motility and invasion. They also observed that senescent fibroblasts and Lenti-Pre22–infected cancer cells exhibited large flattened senescence-like morphology that reduced cell movement. We have also observed these features after COMMD5 depletion in human kidney (HK-2) cell lines. COMMD5-depleted cells had flattened and enlarged cell shapes and exhibited a random migration with most of them spinning around themselves [Video S8 in supplemental information of (15)]. Cells depleted of COMMD5 lost their directional movement leading to a shorter distance of migration and reduced cell motility. As also observed by Xu et al. (94) in their study, the strong accumulation of actin stress fibers in the cortical region and the loss of microtubule orientation detected in COMMD5-depleted cells probably caused their rounded shape, thus abolishing their directional movement.




Figure 6 | Loss of COMMD5 leads to cellular morphological changes including cytoskeleton organization. HK-2 cells were transfected with COMMD5 specific siRNA (siCOMMD5) or control siRNA (siCTRL), fixed, and labeled with fluorescein-deoxyribonuclease 1 (for G-actin), β-tubulin, phalloidin (for F-actin) or DAPI (for nuclei staining). Cell size or nucleus area in cells transfected with siCTRL or siCOMMD5 were processed and analyzed using FIJI software (values are means, error bars indicate SD, n = 3). Student’s t test, ***p < 0.001, significant differences compared with siCTRL.



Senescence is a stress response that can be induced by a wide range of intrinsic and extrinsic insults, including oncogenic activation, oxidative stress, telomere shortening, etc. (63). In this later event, a DNA damage response is first necessary before cells enter into an early senescence phase. However, COMMD5 subtelomeric position combining to TPE-OLD mechanism could create a favourable environment for the downregulation of COMMD5 and induction of senescent-like features in cells long time before cells inducing a DNA damage response.



Conclusion

The novel observation that COMMD5 expression could be differently regulated in cancer cells by its locus alterations, amplifications, mutations or by telomere length, raises several questions with regards to its function and association to cancer. Is COMMD5 overexpression or downregulation good or bad? Is COMMD5 an oncogenic factor or a tumor suppressor gene? Is COMMD5 a promising therapeutic target for cancer therapy? COMMD5 is expressed in all epithelial tissues and we previously found that its basal expression is essential to maintain a differentiated cell phenotype. The data presented here demonstrate the duality of COMMD5 expression from down to upregulation, but both correlating with cancer susceptibility. Molecular mechanisms that modulate COMMD5 expression in cancer have not yet been elucidated, offering a wide range of possibilities. Here, we focused on the localization of COMMD5 at the subtelomeric position of the chromosome and developed a rationale that this could impact on COMMD5 gene regulation in cancer cells. We showed that COMMD5 gene expression could be affected by different chromosomal events including gene amplification, mutation and telomere length. Upregulation or downregulation of COMMD5 expression by one of these events may elicit cells to undergo mesenchymal transition or even, to acquire senescence-like phenotype. Occurrence of these different events may vary according to tumor type, stage and location. In conclusion, as COMMD5 is involved in carcinogenesis probably by regulating cell differentiation and playing crucial roles in wound healing or tissue regeneration, its expression must be tightly regulated and controlled. So, small differences in COMMD5 expression could induce variations in cancer susceptibility, and its functional properties are strongly related to its level of expression (Figure 7).




Figure 7 | Schematic representation of putative COMMD5 expression profile and cell status. COMMD5/HCaRG plays an essential role in the establishment and maintenance of the epithelial cell phenotype. Downregulation of COMMD5 or complete loss of COMMD5 expression or function by mutations induce an epithelial to mesenchymal transition. On the other hand, too much of COMMD5 is also deleterious to cells. COMMD5 is localized at the extreme end of the chromosome 8, a region highly targeted by locus amplification. We propose here that its subtelomeric localization could explain the variable expression of COMMD5 in cancer. Gene amplification, mutation, and proximity to telomere are all events that may contribute to regulation of COMMD5 expression in cancer. Consequently, as COMMD5 is involved in crucial cellular functions such as cell differentiation, proliferation, and migration, expression of this gene must be tightly controlled.
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