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Despite continuous exertion made, colon cancer still represents a major health problem and its incidence con-
tinues being high worldwide. There is growing evidence in support of the cancer stem cells (CSCs) being central
in the initiation of this cancer, and CSCs have been the focus of various studies for the identification of new ways
of treatment. Lately, the proprotein convertases (PCs) were reported to regulate the maturation and expression of
various molecules involved in the malignant phenotype of colon cancer cells, however, the identity of the
molecules regulated by these serine proteases in CSCs is unknown. In this study, we used the general PCs in-
hibitor, the Decanoyl-RVKR-chloromethylketone (Decanoyl-RVKR-CMK) that inhibits all the PCs found in the
secretory pathway, and analyzed its effect on CSCs using RNA-seq analysis. Remarkably, from the only 9 up-
regulated genes in the human SW620-derived sphere-forming cells, we identified 7 of the 11 human metal-
lothioneins, all of them localized on chromosome 16, and zinc related proteins as downstream effectors of the
PCs. The importance of these molecules in the regulation of cell proliferation, differentiation and chemo-
resistance, and their reported potential tumor suppressor role and loss in colon cancer patients associated with
worse prognosis, suggests that targeting PCs in the control of the malignant phenotype of CSCs is a new potential
therapeutic strategy in colon cancer.

1. Introduction [2]. Later, the CSCs were identified in solid tumors [3-6], and nowadays

it is widely accepted that tumor masses have a subpopulation of cells

The existence of a subpopulation of non-differentiated cancer cells in
the tumor mass has been postulated with the key study in this field
conducted by Pierce and Speers in 1961 [1]. A tumor has been described
as an aberration of normal tissue development and formulated as a hi-
erarchical model with a population of Cancer Stem Cells (CSCs). In
1994, Dick and colleagues isolated for the first time leukemia stem cells

able to mediate metastases that are resistant to therapies, and with ca-
pacity to maintain the bulk of tumor mass [7-9]. These properties make
CSCs candidates to be the cells responsible for tumor initiation and
progression. The critical feature of this subopulation of tumor cells is
their ability to eject the therapeutic compounds through a protein
complex called ABC transporter (ATP-binding cassette) that exports
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drugs out of the cells [10]. The lack of efficient therapies against CSCs
makes the development of such ones the great priority in cancer
research. In colon cancer, that constitutes the third most common type
of cancer and the second leading cause of tumor related death in the
western world [11], the colon CSCs can be principally derived from well-
differentiated intestinal cells or intestinal stem cells (ISCs) following
alteration of several genes that are able to induce carcinogeneis [12]. In
addition to their self-renewal potential, the colon CSCs show high
tumorigenicity and resistance to various therapies, including radiation
[13]. Additionally, these cells have atypical activation of signaling
pathways promoting proliferation that maintain their stemness and drug
resistance such as Wnt [14], Notch, Hedgehog [15] and TGF-p [16].
These proteins involve directly or indirectly the proprotein convertases
(PCs) in their expression and/or activation [17].

PCs are a family of enzymes that cleavage many unfunctional pre-
cursos of proteins turning them in active molecules [17]. Till now, nine
members have been described: PC1/3 (PCSK1), PC2 (PCSK2), Furin
(PCSK3), PC4 (PCSK4), PC5/6 (PCSK5), PACE4 (PCSK6), PC7 (PCSK7),
PCSK8 (MBTPS1) and PCSK9 (NARC1), where PCSK stands for Propro-
tein Convertase Subtilisin/Kexin. They are implicated in the processing
of wide range of protein precursors, including hormones [18,19], pro-
teases, growth factors [20], receptors [21] and adhesion molecules [22]
at multibasic recognition sites displaying the general motif (K/R)-(X)n-
(K/R)|, where X is any amino acid except Cys and n = 0, 2, 4, or 6 amino
acids. The relation between cancer and PCs has been extensively studied
[23]. Evidently, cancer is a phenomenon that occurs in part due to
overexpression of growth factors, cytokines and receptors, therefore the
activation or expression of these oncogenic molecules by the PCs
directly involve these enzymes in various processes required for tumor
progression and metastasis including angiogenesis, inflammation and
immune responses [17]. Furthermore, altered expression of various PCs
has been described in various cancers including colon cancer [24]. For
example, Furin has been reported in head and neck cancer [25], PC5 and
PC7 are involved in angiogenesis of colon cancer [26], and PACE4 in
colon cancer cells metastasizing to liver [27]. In all cases, there is a
dysregulation of PCs expression or function. Cancer cells express altered
PCs that activate more signaling molecules and maintain tumor growth
and progression [25]. It is well known that the requirements and
transduction signals of CSCs compared to the differentiated tumor cell
populations are different [28], and protein maturation enzymes, such as
PCs, could play a yet unknown important role. Here, using the general
PCs inhbitor decanoyl-RVKR-cholromethyl ketone (Decanoyl-RVKR-
CMK) and whole transcriptome analysis by RNA-seq, we assessed the
effect of PCs inhibition on gene expression in the human SW620-derived
sphere-forming cells. We discovered a staggering specificy: From only
nine up-regulated genes by PCs in the CSCs, we found that seven are
metallothioneins (seven out of the eleven human metallothioneins), all
localized on chromosome 16. Also, we found genes coding for zinc
related proteins among the genes up-regulated by PCs in these CSCs. The
reported potential tumor supressor role and upregulated expression of
various metallothioneins in colon cancer cell lines and patients [29]
directly involves the PCs in the control of the malignant phenotype of
CSCs and their potential use in colon cancer treatment.

2. Materials and methods
2.1. Cell culture

SW620 human colon carcinoma cell line were obtained from the
American Type Culture Collection (ATCC, Manassas, VA, USA). Cells
were routinely maintained in Dulbecco’s minimal essential medium
(DMEM) (Gibco, Saint Aubin, France) supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 1% sodium pyruvate, 0.1 mg/mL
streptomycin, 100 U/mL penicillin at 37 °C in a 5% CO»-humidified
atmosphere. For tumorspheres formation mimicking CSC condition
[301, SW620 cells were cultured in DMEM/F-12 supplemented with N2,
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B27 supplements (Thermo Fisher Scientific, Waltham, MA, USA), and
growth factors [20 ng/mL basic fibroblast growth factor (bFGF) and 20
ng/mL epidermal growth factor (EGF)] (Sigma, St. Louis, MO, USA) in
non-adherent plastic (Sarstedt, Germany) for 10 days.

2.2. RNA extraction, reverse transcription and Quantitative Real-Time
PCR (qPCR)

Total RNA was extracted from cells using the RNeasy Kit (Qiagen,
Hilden, Germany) and checked for purity by measuring the 260,/280
ratio in the Nanodrop Synergy HT instrument (Biotek, Winooski, VT,
USA). ¢cDNA (50 ng/pL) was obtained by reverse transcription of total
extracted RNA using the iScript cDNA Kit (BioRad, Hercules, CA, USA)
with the following reagents: iScript reverse Transcriptase (1 pL), 5x
iScript Reaction Mix (4 pL) and Nuclease Free Water (variable) to a final
volume of 20 pL. Quantitative Real-Time PCR experiments were con-
ducted in an iCycler My iQTM Single-Color Real-Time PCR Detection
System (BioRad, Hercules, CA, USA), using 4.5 pL of Power SYBR®
Green PCR Master Mix 2x (Applied Biosystems, Carlsbad, CA, USA), 0.5
uL of primers (0.3125 M), 0.3 pL of ¢cDNA (1.5 ng/pL) and Nuclease free
water for a total volume reaction of 10 pL. All primers were designed and
checked for optimal efficiency (>90%) in the qPCR reaction under our
experimental conditions. The relative expression of each gene was
calculated using the standard 2-2Ct method [31], normalized with
respect to the average of f-ACTIN as internal housekeeping control gene.
All reactions were performed in triplicate. QPCR was run on a CFX96®
Thermo Cycler (BioRad, Hercules, CA, USA). We assessed that all gPCR
reactions yielded only one amplification product using the melting curve
method. We used the following primer pairs for different human gene
transcripts validated by the National Center for Biotechnology Infor-
mation (NCBI) Primer-Blast method. The experiments were performed 3
times.

2.3. Decanoyl-RVKR-chloromethylketone treatment

SW620 derived CSCs were treated with Decanoyl-RVKR-CMK 50 yM
(Bachem AG, Bubendorf, Switzerland) following previous experiences
[32], for 24 h and cells were collected for total RNA isolation using
RNeasy Plus Mini Kit (QIAGENT, Hilden, Germany) according to man-
ufacturer’s instruction. RNA concentration was determined using the
Nanodrop Synergy HT (Biotek, Winooski, Vermont, USA) and purity was
calculated by 260/280 nm absorbance ratio. Pure RNA samples from
Decanoyl-RVKR-CMK- and non-treated cells were sequenced. The
experiment was performed using 3 replicates for each condition.

2.4. Measurement of proprotein convertases activity

Proprotein convertases activity in cancer cells was assessed as pre-
viously described [22,33] by measuring the digestion of the universal
PCs substrate, the fluorogenic peptide pERTKR-MCA. In brief, Decanoyl-
RVKR-CMK- and non-treated cells were incubated with pERTKR-MCA
(100 pmol/L) at various time periods (0 to 30 min) in the presence of
25 mmol/L Tris, 25 mmol/L methyl-ethane-sulfonic acid, and 2.5
mmol/L CaCly, pH 7.4 at 37 °C, and the enzymatic activity was deter-
mined using a spectrofluorometer (FLUOstar OPTIMA; BMG Labtech).
The general PCs-inhibitor decanoyl-RVKR-cholromethyl ketone (DEC-
ANOYL-RVKR-CMK) was obtained from Calbiochem (San Diego, USA).
The experiment was performed in three different and independent cell
cultures.

2.5. RNA sequencing

RNA-seq libraries were generated by using the TruSeq RNA sample
Preparation Kit (Illumina, USA). Briefly, mRNA was enriched by using
poly-T oligo-attached magnetic beads, followed by mRNA fragmenta-
tion by acoustic shearing. First-strand cDNA was synthesized by using
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reverse transcriptase and random hexamers, and second-strand cDNA by
using DNA polymerase I and RNase H. cDNA was subject to adapter
ligation, and then enriched with PCR to prepare cDNA library. cDNA
libraries were sequenced on HiSeq 2000 (Illumina) to obtain approxi-
mately 100 million paired-end reads (2 x 101 bp).

2.6. RNA-seq data analysis

Three biological replicates of CSC-CON (SW620 CSC non-treated
control) and CSC-CMK (SW620 CSC treated with Decanoyl-RVKR-
CMK) were used for the transcriptomics analysis. HISAT2 [34] was
used to align the 151 bp paired-end RNA-seq reads for each of the
samples to the human reference genome GRCh38. The Cufflinks [35]
was used to assemble the mapped reads into possible transcripts and
generate a transcriptome assembly, and the counts of aligned reads to
each gene were evaluated using HTSeq [36]. In-house software was used
to merge the expression results into a single text file to be used in the
downstream analysis [37] in Matlab (MathWorks). Quantile normali-
zation was performed to equalize the data and the data was further
stabilized through the log, transform of the data plus one.

2.7. Selection of statistically significant Differentially Expressed Genes
(DEGsS)

To find the statistically significant DEGs between two groups of
samples, we calculated the mean values of each probe across all the
samples of each of the two groups. Next, we filtered out all the probes
whose absolute value of difference of mean values between the two
groups was less than a selection fold change threshold FCpgs (in logs
scale), and we applied the Student’s t-test to find the statistically sig-
nificant DEGs. The multitest effect was tackled through control of the
False Discovery Rate (FDR) using the Benjamini-Hochberg method for
correcting the initial p-values with significance threshold apgg = 0.05.

2.8. Chromosome landscape analysis of statistically significant DEGs

To evaluate the chromosomal enrichment of lists of DEGs, we map-
ped each DEG onto its corresponding chromosome, and we compared
the number of DEGs mapped onto a chromosome with the number of
genes on each chromosome. We estimated the statistical significance of
the enrichment by the p-value calculated using the hypergeometric
distribution using a significance threshold. The multitest effect was
tackled through control of the False Discovery Rate (FDR) using the
Benjamini-Hochberg method for correcting the initial p-values with
significance threshold azay = 0.01. To analyze the way the gene loci
group on a chromosome, we applied our one-dimensional clustering
technique as previously described [38] that searches for groups of gene
loci located at a distance smaller than Dy, = 2,000,000 bps, and con-
siders them as a cluster if they are populated by a minimum number
Npin = 4 genes.

2.9. Gene Ontology (GO) statistically significant enrichment analysis of
DEGs

The GO terms were taken from the curated collection of molecular
signatures (gene set collection C5) of version 3.0 of the Molecular Sig-
natures Database (MSigDB) [39]. The statistical significance of the GO
terms was analyzed as previously described [38] using an enrichment
approach based on the hypergeometric distribution to estimate the
significance (p-value) of the gene set enrichment. The multitest effect
influence was tackled through control of the False Discovery Rate (FDR)
using the Benjamini-Hochberg method for correcting the initial p-values
with significance threshold ago = 0.05.
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2.10. Gene-coverage count track plots

We sorted the alignment bam files with samtools [40] and produced
the bed files with bedtools [41]. We used our previously developed
function in Matlab (MathWorks) [42] that for each gene of interest takes
the exon boundary information from the basic annotation file in gtf
format from Gencode (https://www.gencodegenes.org/human/)
version 33, and plots the gene-coverage count track plots, preserving the
same scale for the tracks of the same gene in all the samples.

3. Results

3.1. Inhibition of the proprotein convertases activity in SW620 colon
CSCs by Decanoyl-RVKR-CMK

To evaluate the effect of the Decanoyl-Arg-Val-Lys-Arg-
chloromethylketone (Decanoyl-RVKR-CMK) on the total PCs activity
in colon CSCs, sphere-forming subgroup of cells were derived from the
human colon cancer cell line SW620 (Fig. 1A) and were treated with
Decanoyl-RVKR-CMK prior to their PCs enzymatic activity measurement
using a chromogenic activity assay at the indicated time periods. As we
can observe in Fig. 1A, tumorsphere size was reduced after DECANOYL-
RVKR-CMK treatment and provoked reduction of CSC self-renewal ca-
pacity. The enzymatic activity was determined based on the ability of
cell lysates to digest the universal PC substrate, the fluorogenic peptide
PERTKR-MCA. While PCs activity in control CSCs (CSC-CON) was
increased with time, cells treatment with Decanoyl-RVKR-CMK (CSC-
CMK) inhibited the enzymatic activity in these cells at all the tested time
periods (Fig. 1B-C). Using specific primers for all the PCs found in the
secretory pathway, namely PACE4, PC5, PC7 and Furin, real time PCR
analysis revealed that the SW620-derived sphere-forming cells express
all these PCs (Fig. 1D).

3.2. Narrow dysregulation of colon CSCs gene expression by the
proprotein convertases activity

Previously, the activity of the PCs was reported to be involved in the
malignant phenotype of various cancer cells including colon cancer cells
by mediating the maturation and/or activation of various protein pre-
cursors and the regulation of genes required for tumor progression and
metastasis [17] [24]. On the other hand, the capacity of colon CSCs to
induce tumor recurrence or metastasis and/or resistance to therapies
were associated with altered expression of several genes involved in
these processes [43]. To evalaute the role of the PCs in the regulation of
colon CSCs gene expression, sphere-forming SW620 cells were treated
with Decanoyl-RVKR-CMK prior mRNA isolation and sequencing. The
transcriptome analysis by RNA-seq showed very small dysregulation
(Fig. 2A) between control (CSCs-CON) and Decanoyl-RVKR-CMK-
treated (CSC-CMK) cells, with a Pearson’s correlation coefficient as
high as p = 0.996 (Fig. 2B). These means that the effect of Decanoyl-
RVKR-CMK is very small over the transcriptome, however, it is shown
in the following analysis that this effect is extremely specific. For a fold
change FCpgg of 2 in logs scale, we found only 11 down-regulated and 24
up-regulated genes.

From the 11 down-regulated genes, only two (SKA1 and SNORD14E)
were statistically significant at a significance threshold apgg = 0.01
(Fig. 2B,C). SKA1 spindle and kinetochore associated complex subunit 1
is a component of the SKA1 complex, a microtubule-binding subcomplex
of the outer kinetochore that is essential for proper chromosome
segregation that facilitates the processive movement of microspheres
along a microtubule in a depolymerization-coupled manner [44].
SNORDI14E, small nucleolar RNA, C/D box 14E, is associated with the
cyto-/nucleoplasmatic 70-kDa heat-shock protein HSP70 [45].

From the 24 up-regulated genes, only 9 were statistically significant,
namely KIAA0430, SLC30A2 and 7 metallothioneins (MTs) (Fig. 2B,C).
The official gene name of KIAA0430 is MARF1, Meiosis Regulator And
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Table 1 MTIH. This is a staggering specificity, with a p-value = 2.067 x 102 of
able

Primers used for real-time PCR of PCs.

Primers Sequence 5'-3' Annealing (°C) Amplicon (bp)
F: GTACCTCAACTTGGGCCAGA 59.31

PACE4 R: TCGTAGCTGGCGTAGGAATC 59.33 393

PCS F: GAAGCCAATCCGTTTCTGAC 57.01 375
R: GTAGATGGCCAGGTCTCC 57.03

PC7 F: GTGTGGGACAGGCTCTTCT 58.94 400
R: CGAAGTCCTCTTCCCAACTG 58.94
F: GCAACACCTGGTGGTACAGA 59.89

FURIN R: TCTGCGGAGTAGTCATGTGG 59.18 399
F: CATGTACGTTGCTATCCAGGC 59.13

PACTIN R: CTCCTTAATGTCACGCACGAT 58.46 20

mRNA Stability Factor, encodes a putative peroxisomal protein, is an
endoribonuclease that interacts with the DCP1:2 decapping complex
and degrades target mRNAs [46], and is localized on chromosome 16
p13.11. SLC30A2 is the solute carrier family 30 member 2 encoding a
zinc (Zn) transporter (ZnT2) that imports Zn into vesicles in highly-
specialized secretory cells and whose expression is regulated by the
metal regulatory transcription factor MTF1 [47]. Noteworthy, out of
these very few dysregulated genes, 8 are on chromosome 16, and seven
are MTs (Fig. 2D).

3.3. CSCs from human colon cancer SW620 treated with PC-inhibitor
Decanoyl-RVKR-CMK show very specific up-regulated expression of
metallothioneins compared to untreated CSCs

The transcriptomics analysis by RNA-seq showed that from the very
few, nine genes up-regulated in Decanoyl-RVKR-CMK treated CSCs
compared to non-treated CSCs, seven were from the family of the eleven
human MTs, namely MT2A, MT1X, MTI1E, MT1G, MTI1F, MTIM and

statistical significance calculated with the hypergeometric test for the
enrichment of these seven genes over a background of 20.358 genes that
have at least one RNA count in at least one of the samples. The MTs are
small cysteine-rich proteins that play important role in metal homeo-
stasis and protection against heavy metal toxicity, DNA damage, and
oxidative stress [48]. Accordingly, we found significantly enriched
terms showing up-regulation in ion-related responses pathways
(Fig. 3A).

We checked for the expression of the 11 MTs across the three bio-
logical replicates of the two analyzed samples. Fig. 3B shows the results
for the statistically significant up-regulated MTs, and Fig. 3C for the
statistically not significant up-regulated MTs. MT1H is especially
affected by DECANOYL-RVKR-CMK, changed from being not expressed
to middle-level expression. In the case of the statistically not significant
up-regulated MTs, MT1B is up-regulated in CSC-CMK, MT1A is down-
regulated, and MT4 is not expressed in all the samples (Fig. 3C). To
zoom into the expression of the 11 MTs from the MT cluster on chro-
mosome 16, we draw the gene-coverage count track plot where we
observe that MT2A has a very high peak of reads in all the samples and
spreads its support to the MTIA locus of the second replicate of the
Decanoyl-RVKR-CMK-treated samples (Fig. 3D).

4. Discussion

Previously, CSCs were described as self-renewing cells and resistant
to chemotherapy and radiation [49]. In addition, various cancer studies
indicate that many malignancies are directly linked to CSCs. Thereby,
the ability of CSCs to potentially constitute the basis of tumor formation
were proposed as potential target for efficient future cancer therapies.
Regarding colon cancer, it was reported to originate from a small frac-
tion of tumor cells in the colon that display self-renewal, pluripotency
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Fig. 2. RNA-seq transcriptomics analysis of Decanoyl-RVKR-CMK-treated CSCs versus untreated SW620 CSCs. (A) Principal Component Analysis (PCA) of global
RNA-seq expression data. The CSC-CMK populations are depicted by red spheres, the CSC-CON populations by green spheres. (B) Pairwise scatter plots of CSC-CON vs
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and ability to initiate and maintain tumor development [50]. Therefore,
the identification of molecules that regulate CSCs functions is essential
for the development of new approaches in order to prevent resistance to
chemotherapy and radiotherapy in patients with colon cancer. Such
strategy may include potential therapies that interfere with induction of
CSCs differentiation or targeting genes that control self-renewal and/or
resistance to therapy. Indeed, previously, various pathways in CSCs
were reported to be involved in colon CSCs self-renewal and their
repression was proposed to target colon cancer. These include Wnt,
Notch, PTEN, and Hedgehog pathway. Inhibition of these pathways was
previously proposed as potential therapeutic approaches against colo-
rectal cancer [51,52]. Interestingly, many of these CSCs self-renewal
pathway proteins directly or indirectly require PCs activity to exhibit
their secretion or full biological activity [17]. Thereby inhibition of the
PCs in CSCs may affect wide range of protein precursor maturation and/
or genes expression involved in the malignant phenotype of CSCs. We
found that suppression of PC activity following the treatment of the
colon CSCs SW620 by the PCs inhibitor Decanoyl-RVKR-CMK and
transcriptomic  analyses showed an overexpression of the

metallothioneins (MTs) MT2A, MT1X, MT1E, MT1G, MT1F, MT1H and
MTIM, and the zinc-related gene SLC30A2. The most important dis-
covery of our work is that although the effect of Decanoyl-RVKR-CMK is
very small over the transcriptome, it has an extremely specific effect, i.e.
from the only nine up-regulated genes, seven of them are from the family
of the eleven MTs. This implies a staggering specificity (p-value = 2.067
x 10723), MTs play important role in cell proliferation, differentiation,
genotoxicity and apoptosis [53]. Metallothioneins up-regulation is
induced by zinc elevation producing a scavenging effect and preventing
zinc excess into the cell. Another important point of the zinc uptake and
MT up-regulation is the chemoresistance. These two events are related
with failure of treatment [53], one of the most important characteristics
of CSCs. Another important inductor of MTs expression is oxidative
stress by the direct action of reactive oxygen strains (ROS) [54]. The
antioxidative properties enable MTs decrease the DNA damage caused
by hydroxyl radicals, transferring from cytoplasm to nucleus and sup-
porting the progress of the cell cycle [55]. Although increased oxidative
stress is related to cancer cell sustained proliferation, these cells have
higher antioxidant capacity expressing more molecules with this
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Fig. 3. Up-regulated genes in human colon cancer SW620 CSCs treated with PC-inhibitor Decanoyl-RVKR-CMK. (A) Bar plot of the -log;o(p-values) of the signif-
icantly enriched GO terms of the up-regulated genes. Longer bars correspond to higher statistical significance of the enrichment (p-values inside parentheses). (B)
Heatmap of the expression of the seven statistically significant up-regulated metallothioneins for a fold change in decreasing order of significance. The color bar
codifies gene expression in log, scale. Higher gene expression corresponds to redder color. The —log;o(p-value) of the significance of the up-regulation is presented in
the table to the right of the heatmap. (C) Heatmap of the expression of the four metallothioneins that are not statistically significantly up-regulated genes for a fold
Ehange FCprg = 2 in log, scale and significance level aprg=0.05. (D) Gene-coverage count track plots for the 11 MTs of the MT cluster of chromosome 16.

<

property. The high oxidative stress status of cancer cell is limited and
they cannot exceed certain thresholds [56]. In this case, the reduction of
PC’s function by Decanoyl-RVKR-CMK could provoke an excessive
oxidative stress by deregulation of antioxidant molecules and CSCs
would respond with MTs expression. Another important role of MTs is
regulation of apoptosis. Overexpression of MTs provokes zinc arrest, and
zinc is essential for p53 mediated-apoptosis process [57]. PACE4 inhi-
bition increases apoptosis in cancer cells [58] and MTs upregulation
could be a counterbalance mechanism to avoid apoptosis. Another fact
related to MTs and apoptosis is the regulation of NF-kB. Overexpression
of MT1/2 positively regulates the p50 subunit of NF-kB, protecting
breast cancer cells and cervical cancer cells from apoptosis, activating
antiapoptotic and pro-oncogenic molecules [59]. It is also important to
note the role of MT overexpression in cell differentiation. Increased
expression of MTs has been observed in less differentiated tumors [60]
and MTs regulate negatively T-cell differentiation [61]. The relation of
MTs overexpression with undifferentiation is important since CSCs are
non-differentiated cells. Inhibition of PCs by Decanoyl-RVKR-CMK
treatment in human nasal epithelial cells promotes cell differentiation
inhibiting Notch pathway [62], one of the most important pathways for
stemness maintenance of CSCs [15]. Inactivation of stemness canonical
pathways in CSCs using Decanoyl-RVKR-CMK could activate substitute
mechanism based on MTs to maintain stemness. Recently it has been
found that MT1M upregulation in cancer cells significantly inhibits the
colony formation, proliferation, migration, and invasion of various
cancer cells through the modulating of the expression of N-cadherin and
vimentin [63-65]. In addition, downregulation of the mRNA levels of
various MT genes was found to significantly correlate with a high risk of
poor prognosis in patients with colon cancer whereas high expression of
other MTs was significantly correlated with good prognosis in these
patients [29]. Accordingly, MT induction and zinc administration was
reported to sensitize colorectal cancer chemotherapeutic agents [66],
suggesting that MTs might act as a tumor suppressor gene in colon
cancer and probably in other cancers [67]. In the current study, we
revealed that the relation between PCs activity and the expression of
various MTs is tightly correlated, and could play a role in CSC biology
and maintenance. More studies will be needed to clarify the role of PCs
in CSCs and a possible therapeutic application through MTs expression.
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