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Manuka honey's anti-metastatic impact on colon Cancer Stem-
Like Cells: unveiling its effects on epithelial-mesenchymal 
transition, angiogenesis and telomere length

Danila Cianciosia, Tamara Forbes-Hernandezb, Maria Elexpuru-Zabaletac, José L. Quilesb,Maurizio 
Battinod,a,c,*, Francesca Giampieria,c

Colorectal cancer often leads to metastasis, with cancer stem cells (CSCs) playing a pivotal role in this process. Two closely linked mechanisms, epithelial-

mesenchymal transition and angiogenesis, contribute to metastasis and recent research has also highlighted the impact of telomere replication on this 

harmful tumor progression. Standard chemotherapy alone can inadvertently promote drug-resistant CSCs, posing a challenge. Combining chemotherapy 

with other compounds, including natural ones, shows promise in enhancing effectiveness while minimizing side effects. This study investigated the anti-

metastatic potential of Manuka honey, both alone and in combination with 5-Fluorouracil, using a 3D model of colon spheres enriched with CSCs-like 

cells. In summary, it was observed that the treatment reduced migration ability by downregulating the transcription factors Slug, Snail, and Twist, which 

are key players in epithelial-mesenchymal transition. Additionally, Manuka honey downregulated pro-angiogenic factors and shortened CSC telomeres 

by downregulating c-Myc, demonstrating an effective anti-metastatic potential. This study suggests new research opportunities for studying the impact 

of natural compounds when combined with pharmaceuticals, with the potential to enhance effectiveness and reduce side effects.

Introduction 

One of the distinctive features of colorectal cancer (CRC), which 
ranks in 2022 as the second leading cause of cancer-related mortality 
(with 904,019 deaths) and the third in terms of global incidence 
(1,926,425 new cases), is its significant propensity to develop 
metastases, particularly in the liver, lungs, and peritoneum. 1 . Up to 
80% of CRC cases have the potential to become metastatic. However, 
in practice, about 50% of all cases reach this stage, with 
approximately 20% being metastatic at the initial diagnosis. The 
presence of metastases accounts for more than 90% of cancer-
related deaths.2  Several factors responsible for the manifestation of 
metastases have been identified, among which the presence of 
cancer stem cells (CSCs) in the tumor mass plays a fundamental role. 
These cells are highly tumorigenic and possess a marked ability for 
self-renewal, making them the only cells capable of directing 
tumorigenesis at distant sites. Additionally, their high resistance to 

chemotherapy and radiotherapy contributes to their critical role in 
metastasis.3  

Closely associated with this phenomenon there are two mechanisms 
that contribute significantly to the presence of metastases: 
epithelial-mesenchymal transition (EMT) and angiogenesis.4 Despite 
this, most of the mechanisms behind the metastasis process remain 
unknown. Recent research has shown that telomere replication and 
telomerase activity can also influence this detrimental tumor 
process..5 Frequently, standard chemotherapy can be a double-
edged sword due to its potential to inadvertently select for drug-
resistant cells, known as CSCs.  These, with their high survival rate, 
proliferation and dissemination capacity in distant organs, are able 
to induce the metastatic process above all through the activation of 
the EMT.6 Furthermore, another important aspect to consider is that 
very often it has been observed that the use of these standard 
chemotherapeutics supports the angiogenesis process through the 
overexpression of vascular endothelial growth factors (VEGF) family 
members, creating a favorable environment for tumor dissemination 
through the bloodstream. 7  
There are a lot of scientific evidences confirming that the epithelial-
mesenchymal transition (EMT) has a fundamental and complex role 
in CRC, as it is the mainly responsible for the presence of metastases 
and consequently for therapeutic failure and the low survival rate. 
EMT is defined as the process by which primary tumor cells lose their 
epithelial phenotype and adhesion capacity with a series of different 
biochemical changes by acquiring the mesenchymal phenotype, 
which allows them to have a higher migration and invasion capacity 
and greater resistance to apoptotic phenomena. These 
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transformations allow the tumor cells to reach other areas in the 
body through the blood circulation, where they reacquire the 
epithelial phenotype, resuming tumor expansion. At the base of EMT 
there is a downregulation of Epithelial Cadherin (E-Cadherin) and an 
up-regulation of vimentin, whose levels are regulated by different 
factors including the transcription factors (TFs) Snail and Slug, 
belonging to the family of zinc-proteins, the basic helix-loop-helix 
family of TFs e.g. Twist and the distantly related zinc finger E-box-
binding homeobox family proteins e.g. zinc-finger E homeobox-
binding (Zeb). 8 In addition to these factors in the EMT process, 
different pathways are also involved, including three pathways 
(Wnt/β-catenin, Hedgehog (Hh), Notch) that are closely correlated 
with the self-renewal capacity of CSCs, confirming a responsibility of 
these cell subpopulation in the phenomenon of EMT in CRC.9 

Angiogenesis is a crucial process both in the growth of the primary 
tumor and in the mechanism of metastasis. In fact, in this last 
process, in addition to providing nutrients and oxygen as for the 
primary tumor, it would also seem to contribute to the infiltration 
process of cells in the blood vessels, helping tumor dissemination in 
other districts. In CRC different growth factors have been identified 
which amental role in angiogenesis: among these the most studied 
are the VEGF family members, which are also widely used clinically 
as markers of metastatic risk in CRC and its progression.10  
Telomeres are structures of both DNA and proteins situated at the 
tips of chromosomes. Their primary role is to safeguard the 
chromosomal DNA from fusion and deterioration caused by 
exonucleases and ligases. They also play a crucial role in regulating 
the identification and separation of chromosomes during mitosis, as 
well as anchoring the chromosomes to the cellular machinery within 
the nucleus. This anchoring aids in the efficient replication of DNA 
during the different phases of both the mitotic and meiotic cell 
cycles.11 
Telomerase activity analysis could have diagnostic and prognostic 
utility in the context of malignant tumors. In fact, numerous studies 
have examined the telomerase activity of tumor samples of different 
types, comparing it in most cases with that of normal or non-
neoplastic tissue. The results suggested that telomerase could be 
useful as a diagnostic marker of malignant neoplastic diseases. Unlike 
most normal somatic cells, telomerase activity was detected in about 
90% of the tumors examined.12 Analysing some of the most common 
cancers, one study initially identified telomerase activity in 89% of 
CRC, 88% of breast cancers, 78% of non-small cell lung cancers, and 
100% of small cell lung carcinomas and this greater and elevated 
activity was then confirmed over the years. Numerous hopes have 
been placed on telomerase as a new target for anti-cancer drugs. The 
idea is that the selective inhibition of telomerase in telomerase-
positive neoplasms could lead to the eventual degradation of 
chromosomal ends with consequent shortening of these up to a 
critical length which could lead to replicative senescence and cell 
death due to chromosomal damage.13 However, much remains to be 
investigated in this area, as the relationship between telomere 
length/telomerase activity and cancer is not yet fully understood.  
In conclusion, better understanding the main processes behind 
metastasis and looking for new strategies, including natural ones, 

that can support the effect of standard chemotherapy could 
chemosensitize those cells that are intrinsically resistant to drugs: 
the CSCs. These are in fact believed to be partly responsible for those 
phenomena certainly linked to metastasis such as EMT and 
angiogenesis as well as having a particular behaviour with regard to 
the length of telomeres.  
In this context, the potential chemosensitizing and anti-metastatic 
effect of Manuka honey (MH) against 5-Fluorouracil (5-Fu),  (a 
fluorinated pyrimidine analogue, widely used as chemotherapeutic 
agent for CRC) was investigated in colonspheres enriched with CSCs-
like, derived from HCT-116 cell line. MH is rich in bioactive 
compounds (mainly quercetin, naringenin, pinocembrin, salicylic 
acid, and 3,4-dihydroxybenzoic acid) and has been shown in our 
preliminary work to have suppressive effects on colon CSC-like cells.4 
In this study, a direct effect of MH alone or in combination with 5-Fu 
on colon CSCs-like on (i) EMT was evaluated investigating the 
migration capacity and the gene expression of Slug, Snail and Twist; 
(ii) angiogenesis, testing the effect on 20 different pro- and anti-
angiogenic proteins; (iii) telomere length and on the gene expression 
of the protooncogene c-Myc, strictly related with the enzymatic
activity of telomerase. A comparison was also conducted using the 
original cells that were cultured as a monolayer, which were not
enriched with CSCs-like characteristics. 
Material and methods 

Honey sample and treatment preparation 
Manuka honey Nèctar Plus® UMF 15+ (Efit S.r.l) from New Zealand 
was imported to Italy and maintained at a temperature of 4°C until it 
underwent analysis. Prior to its application for colonsphere 
treatment, it underwent a series of steps: it was weighed, dissolved 
within the culture medium, and subsequently passed through a 
filtration process utilizing the MF-Millipore ™ Membrane Filter (0.45 
μm). 

Cells/spheroids culture and treatment   
HCT-116 human colon adenocarcinoma cells (ATCC, Manassas, VA, 
USA) and the colonspheres enriched with CSCs-like resulting from 
these, were cultured and treated in the conditions extensively 
described in our previous article 15 and are resumed in Figure 1. 
The ability to enrich the population of CSCs-like through the spheroid 
formation method was previously verified using the methodology 
described in our earlier work (data not shown). In the colonospheres, 
the protein expression of the surface marker of CSCs-like CD44 and 
of the stemness gene Nanog was evaluated through Western Blot. 
The results were compared with those obtained in parental cells 
grown in monolayer and the enrichment of the stem population was 
confirmed.15 
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Figure 1. Cells/spheroids treatment. In this figure, the cell culture process, the formation and cultivation of cancer spheroids enriched with CSCs-like, and their 
subsequent treatment for further experiments are briefly summarized. FBS: fetal bovine serum; PBS: phosphate buffered saline; CSCs: cancer stem cells; MH: 
Manuka honey; 5-Fu: 5-Fluorouracil; EGF: epidermal growth factor; hFGF: human fibroblast growth factor. 

The choice of concentrations used in this study (shown in Figure 1) 
was made in our previous works. 14,15 Multiparametric analyzes were 
carried out which allowed the evaluation of the physical and 
morphological effects deriving from the use of MH and/or 5-FU on 
colonospheres. Preliminary microscopic analyses were conducted, 
followed by further analyses using specific software (ReViSP and 
AnaSP) 14 for spheroid analysis and measurements with a flow-
based method balance W8 (CellDynamics SRL).15 The minimum 
concentrations at which morphological and physical changes in the 
spheroids began to appear were selected. 

Protein array analysis 
Protein array analysis was performed using Human Angiogenesis 
Antibody Array kits (ab134000) from Abcam®, Cambridge, UK, in 
accordance with the manufacturer's guidelines and  was carried out 
across four of the six treatments employed, specifically focusing on 
the most illustrative ones (CTL, MH 75 mg/mL, 5-Fu 100 µM and 5-Fu 
50 µM + MH 37.5 mg/mL). The membranes were visualized utilizing 
a chemiluminescent detection technique (C-DiGit Blot Scanner, 
LICOR, Bad Homburg, Germany) and the quantification of the array 
spots were performed by Image Studio 3 (C-DiGit Blot Scanner, 
LICOR, Bad Homburg, Germany), standardizing the signal was 
achieved by comparing it to the spots of the positive control found 
on each membrane as follows: 

X(Ny)=X(y)×P1/P(y) 
Where: 
P1= mean signal density of positive control spots on reference array 
P(y)= mean signal density of positive control spots on array “y” 
X(y)= mean signal density for spot “X” on array for sample “y” 
X(Ny)= normalized signal intensity for spot “X” on array “y” 

The results were expressed as fold increase of protein expression 
respect to the CTL group. All data were reported as a mean value of 
the two spots present in the membrane ± SD. 

RNA isolation and quantitative Real-Time PCR analysis   
Through PureLink® RNA mini kit (Invitrogen, Carlsbed, Ca, USA) 
following to the protocol, the RNA was extracted both from 2D cells 
(HCT-116 cell line) and from treated or not spheroids. After the 
extraction, the concentration and the purity of RNA were tested 
utilizing a microplate spectrophotometer (BioTek Sinergy HT, 
Winooski, USA). 5X All-in-one RT Mastermix kit (Applied Biological 
Materials Inc., Canada) was used for obtaining 100 ng of cDNA. For 
Real-time EvaGreen 2X qPCR MasterMix (Applied Biological 
Materials Inc., Canada) and the following froward and reverse 
primers (Sigma-Aldrich, Milan, Italy) were employed (Table 1): 
GAPDH F :5’-GACCCCTTCATTGACCTCAACTACATG-3’ 
GAPDH R: 5’-GTGCACCACCCTGTTGCTGTAGCC-3’ 
Slug F: 5’-TGGTTGCTTCAAGGACACAT-3’ 
Slug R: 5’-GTTGCAGTGAGGGCAAGAA-3’ 
Snail F: 5’-GACCACTATGCCGCGCTCTT-3’ 
Snail R: 5’-TCGCTGTAGTTAGGCTTCCGATT-3’ 
Twist F: 5’-TTTCGGATGGGGTTGTTATC-3’ 
Twist R: 5’-AAACGACCTAACCCGAACG-3’ 
To standardize the quantitative data (comparing relative mRNA 
levels to the control), GAPDH was used in identical experimental 
conditions. For calculate the fold-change value was applied the 2-ΔΔCt

formula. 

Migration assay 
After 48 hours of the treatment of spheroids (with the following 
concentration: CTL, MH 50 mg/mL, MH 75 mg/mL, 5-Fu 100 µM, 5-
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Fu 50 µM + MH 25 mg/mL and 5-Fu 50 µM + MH 37.5 mg/mL), they 
were mechanically disrupted using a 1000 µL pipette tip, employing 
gentle pipetting to separate the cells that formed the spheroids. Cell 
counting was performed with Tali® Image-based cytometer (Thermo 
Fisher Scientific, Milan, Italy) and then the cells were reseeded at a 
density of 1 x 106 cells/well in 1.5 mL of serum-free DMEM F-12 
supplemented with Penicillin-Streptomycin 100X and 0.1 sterile BSA. 
The cellular suspension was added in the upper compartment of the 
transwell insert of the 6-wells plate Transwell® with 8.0 µm pore 
polycarbonate membrane (n.3428, Corning®, New York, USA). In the 
lower compartment 2.6 mL of DMEM F-12 supplemented with 10% 
FBS, which acted as a chemoattractant, were added. After 48 hours 
in incubator at 37°C with 5% CO2 the migration capacity of the CSCs-
like was evaluated; specifically migrated cells could be found in two 
different parts of the transwell: dropped in the media of the lower 
compartment or underside of the basket membrane. After removing 
the transwell insert from the plate and collecting the media from the 
lower compartment, cell counting was performed with Tali® Image-
based cytometer (Thermo Fisher Scientific, Mi-lan, Italy), while for 
evaluating the migrated cells present in the underside of the basket’s 
membranes, these were stained (a cell staining was performed as 
followed explained). Using a cotton-tipped applicator carefully the 
media and the cells present in the upper side of the membranes 
(non-migrated ones) were removed and discarded. The transwell 
inserts were placed in 70% EtOH for 10 minutes to allow fixation. 
After this time, the membranes were let dry for 15 minutes and then 
they were incubated for staining in 0.2% crystal violet (CV) solution 
(MeOH: H2O 20:80) for 15 minutes at room temperature. The CV was 
removed from the top with cotton-tipped applicator very gently and 
after the membrane were washed with Milli-Q water for removing 
the excess of CV and let dry for 20 minutes (Figure 2). 

Figure 2. Schematic representation of the migration assay test. After 
treatment of spheroids, they were mechanically disrupted and then the cells 
were reseeded at a density of 1 x 106 cells/well. The cellular suspension was 
added in the upper compartment of the transwell insert. After 48 hours, the 
migration capacity of the CSCs-like was evaluated, using 0.2% crystal violet 
solution. 

These membranes were observed under the inverted microscope 
Leitz Fluovert FU (Leica Microsystems) and the images were 
subjected to processing with an image editing free software 
(http://www.coolphptools.com/) for the evaluation of the 
percentage of colours present in the images, which is an estimation 

of migrated cells. To obtain quantitative information from the 
colours present in the images from microscope, the obtained images 
(three for each condition) were uploaded into the Internet-based 
Cool Hypertext Preprocessor (PHP) software tool 
(www.coolphptools.com/color_extract). The application software, 
which includes Hypertext Markup Language (HTML) embedded web 
scripting language, was executed setting the different options: 
“number of colours” set at 10 and “delta” (i.e. the gap or spacing 
between color shades) at 24. Based on the results of the color 
analysis, the hexadecimal color codes and the percentage values for 
each of all shades of violet present (corresponding to the migrated 
cells) generated by the computer were processed in Microsoft Excel. 

DNA extraction and relative telomere length measurement 
Genomic DNA was extracted from CSCs-like forming spheroids 
(treated or not) and HCT-116 grown in monolayer condition using 
Cells and Tissue DNA Isolation Kit (53100, Norgen Biotek Corp., 
Thorold, Canada) following the manufacturer’s instructions. DNA 
purity and concentration were assessed using a microplate 
spectrophotometer system (BioTek Sinergy HT, Winooski, USA). The 
reference DNA was sequentially diluted for the construction of a 
standard curve (0.01-50 ng/µL). The samples were used at the 
concentration of 2 ng of DNA for each condition analysed and for 
both reactions. EvaGreen 2X qPCR Mastermix (Applied Biological 
Material Inc., Canada) was used for performing Real-Time PCR using 
the following forward (F) and reverse (R) primers (Sigma-Aldrich, 
Milan, Italy):  
Telomere F 5’-GGTTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGT-
3’ 
Telomere R 5’-TCCCGACTATCCCTATCCCTACCCTATCCCTATCCCTA-3’ 
Rplp0 F 5’-CAGCAAGTGGGAAGGTGTAATCC-3’ 
Rplp0 R 5’-CCCATTATATATCATCAACGGGTACAA-3’ 
Telomere (T) primers F was used at the final concentration of 270 nM 
and of 900 nM for TR. For the single (S) gene Rplp0 F was used the 
final concentration of 300 nM, for Rplp0 R that one of 500 nM. For 
telomere amplification there were used the following conditions: 
95°C for 5 minutes, followed by 40 cycles of 95°C for 15 seconds and 
58°C for 1 minutes. The Real-Time PCR reaction for Rplp0 consisted 
of 95°C for 5 minutes, 30 cycles of 95°C for 15 seconds and 54°C for 
2 minutes. At the end of reactions, the mean Ct value for telomerase 
sequence and for Rplp0 single copy gene was calculated for each 
sample. The next calculation was ΔCt= CtT-CtS that is also called T/S 
ratio. The results were then expressed like relative telomere length 
(fold change relative to control) calculated with the following 
formula: 

𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓
𝑻𝑻
𝑺𝑺 = 𝟐𝟐−[𝑻𝑻𝑺𝑺(𝑿𝑿)−𝑻𝑻𝑺𝑺(𝑪𝑪𝑪𝑪𝑪𝑪) 

Statistical analysis 
The data were displayed as the average value obtained from a 
minimum of three independent analyses ± standard deviation (SD). 
Statistical analysis was conducted using the STATISTICA software 
package (Statsoft Inc., Tulsa, OK, USA). To denote significant 
differences, letters obtained through one-way analysis of variance 
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were employed (ANOVA), subsequently, a Tukey's honest significant 
difference post hoc test was applied (p<0.05). 

Results and discussion 
MH in combination with 5-Fu decrease the migration capacity of 
CSCs-like from spheroids downregulating the transcription factors 
Slug, Snail and Twist  
The EMT process is considered to be a key point in tumor 
progression, activated especially during the phenomenon of 
metastasis and tumor invasion. CSCs play a key role in this important 
process. The molecular mechanisms behind the relationship 
between EMT and CSCs are still under study, but different 
associations have been found between this feature and the 
activation of the three pathways linked to self-renewal ability of CSCs 
(Wnt/β-catenin, Hh and Notch). In this small cellular subpopulation, 
the EMT process is largely regulated by some transcription factors 
(TFs), considered regulators of this important process which are Slug, 
Snail and Twist, which directly or indirectly inhibit the transcription 
of E-Cadherin.16 As can be seen in Figure 3, which shows a 
representative image of what it was observed under the microscope 
and where the migrated cells are represented by the violet colour 
(derived from staining with CV, as described in the Materials and 
Methods section.), it was already possible to speculate that the used 
treatments strongly affected the migration capacity of CSCs-like. 
Furthermore, it is noteworthy how the use of the combined 
treatment (5-Fu 50 µM + MH 37.5 mg/mL) further decreases, in a 
statistically significant manner (p<0.05), the migratory capacity of 
CSC-like cells compared to chemotherapy alone. 
Many studies in the literature proceeded to count migrated stained 
cells, in this study it was not possible to clearly distinguish the cells 
and make an assessment of their number, so to get a numerical idea 
on the effect of the treatments tested on the migratory capacity it 
was used a software (http://www.coolphptools.com/) that 
calculates the percentage of the colours present in a single image and 
in this case all the percentages of the violet colours shade obtained 
have been summed, which as previously mentioned represent the 
migrated cells. The analysis was carried out using three different 
fields of view for each condition used. However, this must be 
considered an indicative estimation as the real migrated cells have 
not been counted since it was not possible to count the number of 
single migrated cells as most likely the cells were aggregated, but this 
software and others similar for colorimetric analysis are used in other 
scientific studies.17 From the histogram in Figure 3, it can be seen that 
the use of honey alone already decreased the migratory capacity of 
CSCs-like respectively by 1.23 (with MH 50 mg/mL) and 1.30 times 
(with MH 75 mg/mL) (p<0.05) compared to the CTL. The use of 5-Fu 
alone resulted in a decrease of 3.30 fold and the combination that 
used the lowest concentration of MH to 3.96 times (p<0.05). The 
observed reduction became even higher when the spheroids 
underwent the combined treatment 5-Fu 50 μM + MH 37.5 mg/mL: 

there was an estimated 7.51 fold reduction in migrated cells in 
comparison to CSCs-like originating from untreated spheroids. 

Figure 3. Transwell migration assay. (A) Transwell migration assay of CSCs-like 
originating from spheroids untreated (CTL) or treated with different 
conditions. After 48 hours the spheroids were collected and gently 
mechanically disrupted. The cells deriving from the disruption of treated or 
not spheroids were counted and seeded in same cell density in a basket 
transwells. After 48 hours they were stained with 0.2% of crystal violet the 
underside of the basket membrane that contained the migrated cells. The 
images were taken using a Leitz Fluovert FU (Leica Microsystems) microscope. 
(B) Histogram of the percentage of shade of violet color (representing an
estimation of migrated cells) detected with http://www.coolphptools.com/ 
free software from three selected field of view for each analyzed condition. 
Values are presented as the mean ± SD of three different field (n=3). Distinct 
letters within the same column imply significant differences (p<0.05). 

The EMT process in CSCs-like is regulated at a functional level both 
by self-renewal pathways and by TFs such as Slug, Snail and Twist. 
This study assessed how the tested conditions of MH, 5-Fu, and their 
combination affected the expression levels of these TFs by evaluating 
their gene expression.      TFs regulate E-Cadherin protein expression, 
critical in this process. Its loss marks the shift from epithelial to 
mesenchymal phenotype, enabling invasion and initiating 
metastasis. Slug has been reported to be related to CSC traits in 
several types of cancer  
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Figure 4. The effect of MH, 5-Fu and their combination on EMT TF related genes expression. Real-Time PCR was employed to analyze the mRNA expression of 
Slug, Snail and Twist in cells originating from monolayer culture (2D) and cells (CSCs-like) derived from untreated spheroids (CTL) or treated with different 
conditions. The data is presented as the mean ± standard deviation from three independent experiments (n=3). Distinct letters within the same column signify 
statistically significant differences (p<0.05). 

and its expression is linked with metastasis, invasiveness and adverse 
prognosis, also in colon cancer.18 In this study, as can be seen in 
Figure 4, there is a clear statistical difference (p<0.05) in the 
expression levels of this zinc finger TF between conventionally 
cultured cells and CSCs-like originating from untreated spheroids, 
where it was expressed 1.59 times more than the parental cells, 
confirmed in the same cell line and in HT-29 colon cancer cell line 
also by Han et al. (2013).197 When colonspheres were treated with 
both concentrations of honey alone, with 5-Fu and with the 
combination of these with the lowest concentration of MH, there 
was a downregulation (p<0.05) which brings to very similar values in 
the expression levels (with a decrease range of 1.18-1.27 fold). The 
use of the combined treatment 5-Fu 50 μM + MH 37.5 mg/mL made 
the Slug expression levels even more down-regulated, reaching 1.56 
times lower than those observed in the CTL, equalizing the 
expression levels to be statistically comparable (p<0.05) to their 
adherent counterparts. A downregulation of this TF was also 

observed in CSCs-like from H1299 and Lu99 human non-small cell 
lung cancer cell lines treated with EGCG 20 and breast CSCs-like 
subjected to treatments with baicalin, baicalein,21 chrysin and 
honeycomb.22 Similarly, quercetin, alone or in synergy with EGCG, 
inhibited the invasive and metastatic characteristics of prostatic CSCs 
23 and resveratrol and carnosol had the same effects in glioblastoma 
CSCs-like.24 The other zinc finger TF capable of inducing EMT 
phenomena in CSCs, analysed in this study is Snail, whose over-
expression is also associated with a higher EMT activity and CSCs-like 
phenotype in human CRC cells.25 From the results obtained in this 
study, Snail was also found to be up-regulated in spheroids compared 
with their parental cells, where expression levels were found to be 
4.95 times lower (p<0.05) than those obtained in untreated 
spheroids. These results were also found by Han et al., (2013) in HCT-
116 and HT-29 colon cancer cell lines. 19 When the colonspheres 
were treated with both concentrations of MH alone and with 
chemotherapeutic drug alone, there was a significant decrease 
(p<0.05) in its expression level, with similar values between them 
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with a range that goes from 1.71 to 1.92 times lower compared to 
the CTL. The observed decrease became greater with the use of 
combined treatment and reached a reduction of 2.62 times when the 
tumorspheres were treated with 5-Fu 50 μM + MH 25 mg/mL, and of 
one of 3.20 times when they were treated with the combination 
which involved the highest concentration of MH in association with 
5-Fu. As discussed for the Slug gene, in the same studies that found 
a downregulation, an associated downregulation of Snail was also
observed by the different compounds discussed above. The third
EMT TF discussed in this study is Twist, overexpressed in CRC and 
closely associated not only with a metastatic phenotype with higher 
invasiveness and migration capacity but also with a high
chemoresistance, so much to be considered a marker of colon
CSCs.264 Again, a clear significant difference (p<0.05) was found
between conventionally cultured cells and CSCs-like from untreated 
spheroids, where expression levels were 3.80 times higher. Similar
results were also found by Ayinde et al. (2019) in HCT-116 and SW620 
colon cell lines.275 Treatment of the spheroids with MH at a
concentration of 50 mg/mL resulted in a statistically significant
reduction (p<0.05) compared to the CTL of 1.83 times, the highest
concentration of MH let to a decrease of 1.71 fold (p<0.05). The
reduction was less when the colonspheres were treated with
chemotherapeutic agent alone (1.20 times less expressed), while the 
use of combined treatments led to a decrease of 1.43 times when
the condition 50 μM + MH 25 mg/mL was used, and an even greater 
one, of 2.00 fold, when the concentration of MH equal to 37.5 mg/mL 
was used in association with 5-Fu. A downregulation of Twist was
also observed in colon CSCs-like (SW480 cell line) treated with
quercetin,268 in prostatic CSCs-like from PC-3 and LNCaP cell lines by
EGCG 231 and in breast CSCs-like from different cell lines by flavonoid 
wogonoside (a glucuronide of wogonin).297 It was also observed that 
another natural non-polyphenolic compound, the triptolide isolated 
from a Chinese herbs, was able to inhibit the spheroid formation
capacity, EMT processes and migration ability in colon CSCs-like from 
HT-29 cell line by lowering the expression levels of Twist.3028 
From the results obtained it can be asserted that MH is able to lower 
the migration capacity of colon CSCs-like alone but even more when 
it is used in combination with 5-Fu downregulating some inhibitors 
(the EMT TFs) of the key factor of the epithelial phenotype, E-
Cadherin. The combined treatments of MH and 5-Fu, in fact, were
able to significantly downregulate the gene expression of Slug, Snail 
and Twist, inhibitors of E-Cadherin. 

MH in combination with 5-Fu downregulate pro-angiogenic 
proteins 
Angiogenesis is a complicated process based on the balancing of 
inhibitors and inducers of angiogenesis, in which new blood vessels 
are formed from endothelial precursors. In cancers it is of 
fundamental importance as it guarantees the supply of nutrients and 
oxygen necessary for the mass tumor to be able to develop, 
contributing to its invasiveness in secondary districts and therefore 
to the formation of metastases. Recent studies have reported that 
CSCs could be defined as “angiogenic cells” since some of their 
properties, including the high migration and self-renewal capacity of 

these rare tumor cells, are essential for endothelial vessel 
formation.31 In this study The Human Angiogenesis Antibody 
Membrane Array (ab134000, Abcam) was used for investigating the 
expression of various proteins involved in angiogenesis processes. . 
This experiment was carried out using only the four most significant 
treatments among the six total used in the study to understand how 
these acted on the complicated process of angiogenesis (Figure 5).  
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Figure 5. The effect of MH, 5-Fu and their combination on the protein expression of angiogenesis. (A) Human Angiogenesis Antibody Array. The spheroids 
were subjected to various conditions for a 48-hour period and then compared to untreated spheroids. (B) Array map used in this study. (C) The data is displayed 
as the average ± standard deviation derived from three distinct experiments (n=3). Distinct letters within the same column signify statistically significant 
differences (p<0.05). The pink arrows indicate the proteins that show variation with the treatments and are extensively discussed in the text. EGF: epidermal 
growth factor; ENA-78: Epithelial Neutrophil-Activating peptide 78; b-FGF: basal fibroblast growth factor;  GRO: Growth-regulated oncogene ; IFN-γ: Interferon 
gamma; IGF-I: Insulin growth factor; IL-6: Interleukin-6; IL-8: Interleukin-8; MCP-1: Monocyte Chemoattractant Protein-1; PDGF-BB: Platelet Derived Growth 
Factor-BB; PlGF: Placental growth factor ; TGF-β1: Transforming growth factor beta 1; TIMP-1: Tissue inhibitor of metalloproteinase 1; TIMP-2: Tissue inhibitor 
of metalloproteinase 2; VEGF-A: Vascular endothelial growth factor-A; VEGF-D: Vascular endothelial growth factor-D. 

Proteins that exhibited statistically significant differences (p<0.05) in 
expression levels between untreated spheroids and different 
treatment conditions have been found will be extensively discussed. 
On the other hand, no statistically significant differences (p<0.05) 
were found in the protein expression of the following factors related 
to the angiogenesis process: angiogenin, EGF, Epithelial Neutrophil-
Activating peptide 78 (ENA78), Interferon gamma (IFN-γ), IL-6, IL-8, 
Leptin, Monocyte Chemoattractant Protein-1 (MCP-1), RANTES, 
Thrombopoietin and Vascular endothelial growth factor (VEGF) A 
(Figure 5 A,C). 

Basic (b)-FGF (Figure 5 A, C), whose the main bio-physiological 
function is to promote proliferation, was the first pro-angiogenic 
factor identified and it was found that in different types of cancer, 
including CRC one, its over-expression is associated with the 
presence of lymph node metastasis. In cancer cells it acts both by 
promoting an over-proliferation of these cells and by stimulating 
angiogenesis 35. In this study it was observed that the MH at a 
concentration of 75 mg/mL was able to statistically (p<0.05) down-
regulate the levels of b-FGF compared to the CTL, with a protein 
expression 1.44 fold lower. It is interesting to observe that there was 
instead an increase in the levels of this pro-angiogenic factor when 
the spheroids were treated with 5-Fu alone (resulting 1.67 times 
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higher), which could be indicative of a greater chemoresistance of 
CSCs-like; in fact it has been observed in some colon cancer cell lines 
(LoVo, DLD1 and HT-15) that 48 h of incubation of these cells with 5-
Fu increased the expression levels of b-FGF from 1.96 times to 3.51 
times and that a knockdown of b-FGF led to a decrease in the IC50 of 
5-Fu.320 Finally, it was possible to observe that the treatment of
spheroids with the combined treatment 5-Fu 50 μM + MH 37.5
mg/mL led to a reduction in the levels of protein expression of b-FGF 
of 3.01 times compared to the CTL (p<0.05). In colon cancer cells
LoVo it was found that EGCG was able to suppress the protein levels 
of b-FGF and to decrease angiogenesis in EGCG-treated mice.331 
Another factor involved in angiogenesis where statistically significant 
differences (p<0.05) were noted in this study is Growth-regulated 
oncogene (GRO) (Figure 5 A,C), a chemokine also called chemokine 
(C-X-C motif) ligand 1 (CXCL1) that appears to be over-expressed in 
different types of cancer, including CRC, melanoma, hepatocellular 
and melanoma where it is associated with a higher proliferation rate, 
metastasis, leukocyte infiltration and angiogenesis. The angiogenesis 
process associated with this oncogene seems to be linked to the
activation of thrombin.324 In this study it was observed that both MH 
used alone and 5-Fu statistically significantly increased (p<0.05) GRO 
protein levels compared to CSCs-like deriving from untreated
spheroids by 1.49 and 3.34 times, respectively, while their use in
combination caused a decrease in the protein level of 1.23 fold
compared to CTL. Similar results were observed in a study that
demonstrated in vivo that the administration of 5-Fu increased the 
mRNA expression level of GRO in the colon of mice and this up-
regulation was instead suppressed by the use of curcumin in
combination with 5-Fu by targeting NF-κB signaling pathway, also 
reducing some side effects of chemotherapy, such as the presence of 
diarrhea.353 
IGF-I (Figure 5 A, C) has an anti-apoptotic and cell proliferation-
promoting effect, but its local expression would also seem to be
associated with the angiogenesis process in CRC.364 The intensity of 
the spots observed in this experiment is not particularly evident for 
any sample, but in any case the software used for the detection was 
able to identify the intensity of the bands, differentiating them from 
the negative spots: it was observed that single treatments, both with 
MH and with 5-Fu alone, did not lead to statistically significant
changes (p<0.05) in the IGF-I protein levels, while the combined
treatment significantly lowered (p<0.05) ) its levels, which were
found to be 1.39 times lower than those observed in CSCs-like 
deriving from untreated spheroids. It has been observed in other
studies that EGCG alone or in combination with chemotherapy was 
able to inhibit angiogenesis in lung cancer cell lines and in vivo in mice 
by downregulating the expression of IGF-I.37 
Platelet Derived Growth Factor-BB (PDGF-BB) (Figure 5 A, C) isomer 
mitogen has been found to be a critical factor in angiogenesis and
appears to be over-expressed in tumor cells and also closely
associated in colon carcinogenesis, where it also plays a role in
stimulating autocrine growth of cancer cells.34 In this current study,
a downregulation (p<0.05) of this pro-angiogenic factor with respect 
to the CTL was noted, both with the use of MH alone (1.73 times less 
expressed) and with 5-Fu alone (1.79 times less expressed). When

MH and 5-Fu were used as a combined treatment, the observed 
decrease was very higher (p<0.05), in fact it was 10.08 times less 
expressed than in the CTL. Also in this case an inhibitory action was 
observed by EGCG against PDGF-BB in hepatic cancer cell line and 
moreover a downregulatory effect against this growth factor was 
also observed with baicalin in the same cancer cell line.38 
Placental growth factor (PlGF) (Figure 5 A,C), a glycoprotein with high 
homology to VEGF, is another proangiogenic factor that is very often 
responsible for antiangiogenic drug resistance in CRC and it would 
also seem to be correlated with less survival rate in patients with this 
cancer.39 In the present study, the intensity of the observed spots is 
not particularly evident for any sample, but the software used for the 
detection was able to identify the intensity of the bands, 
differentiating them from the negative spots: homologue of VEGF 
was found to be significantly (p<0.05) downregulated and in a similar 
manner, both with treatment with MH alone and with the 
combination of this with 5-Fu (respectively 1.85 and 1.82 fold less 
than the CTL), while treatment colonspheres with 5-Fu alone led to a 
statistically significant (p<0.05) increase in protein levels of PlGF 
compared to CTL (1.39 fold greater). There are no studies in the 
literature that evaluated how polyphenols could affect this factor in 
cancer, but there is a study that evaluated the levels of this protein 
in human retinal endothelial cells treated with kaempferol and it was 
observed that it was able to downregulate its protein level.40 
TGF-β1 (Figure 5 A, C) is an inducer of angiogenesis which, however, 
seems to have a dualistic role as it has been observed that in vivo it 
is capable of inducing angiogenesis, while in vitro it inhibits cell 
proliferation,41 for this reason it will not be discussed in this work also 
because the intensity of the detected spots is very weak. 
Tissue inhibitor of metalloproteinase (TIMP) 1 (Figure 5 A, C) is an 
inhibitor of MMPs and therefore is able to inhibit by forming 
noncovalent 1:1 stoichiometric complex their proteolytic activity 
towards the extracellular matrix, which is a necessary process in 
angiogenesis. To assess the effect of this MMP inhibitor on 
angiogenesis, the levels of the latter should also be evaluated. On the 
other hand, however, as regards TIMP-1, it has been observed that 
this inhibitor of MMPs plays a fundamental role in the regulation of 
tumor cell proliferation as well as decreases the drug sensitivity to 
many chemotherapy drugs.42 Recently, a series of clinical studies 
have also shown that increased TIMP-1 expression is closely 
associated with a poor prognosis in several types of cancer, including 
CRC.43 In this study, TIMP-1 protein levels were observed to rise 
slightly, albeit statistically significantly (p<0.05) when the 
colonspheres were treated with both MH (1.06 fold higher compared 
to CTL) and only chemotherapeutic agent (1.13 fold). On the other 
hand, when the spheroids were treated with the combination of MH 
and 5-Fu, the expression levels were statistically significantly 
(p<0.05) lower than in the CTL (1.24 fold). A downregulatory effect 
of this protein was observed in HT1080 fibrosarcoma cells, where 
both myricetin and quercetin were able to lower its protein level, 
while having an inhibitory effect on MMPs and therefore on 
angiogenesis.44 
TIMP-2 (Figure 5 A, C) is also an inhibitor of MMPs, in particular of 
MMP2 and MMP9 and therefore the expression of MMPs should be 
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evaluated simultaneously for the evaluation of its effect on 
angiogenesis. In this case, an association with tumor staging was 
found in CRC, also related in this case to the relationship with MMP2: 
a high MMP2/TIMP-2 ratio is correlated with a poor prognosis.45 In 
the present work it has been observed that TIMP-2 levels were 
statistically significantly up-regulated (p<0.05) only with the 
treatment of colonspheres with MH alone (1.29 times more 
expressed than CTL). Treatment of the spheroids with both 5-Fu and 
with this in combination with MH did not cause statistically 
significant (p<0.05) changes in the expression levels of this MMPs 
inhibitor. The effects of polyphenols on the levels of this protein in 
cancer cells are contrasting, in fact it was found that in human CRC 
cell lines DLD-1 the Hibiscus sabdariffa polyphenol-enriched extract 
was able to increase the protein level of TIMP-2 46 and the same 
happened in HCT-116 treated with a polyphenol extract deriving 
from green tea.47 In contrast in SCC4 oral cancer cells, kaempferol 
was able to downregulate TIMP-2 mRNA and protein expression 48 
and in B16/F10 mouse melanoma cells carnosol was shown to do the 
same, decreasing invasion and angiogenic capacity of these cells.49 
The last protein analysed in this Antibody array in which changes in 
expression levels were noted is VEGF-D (Figure 5 A, C), which is 
considered to be a potent pro-angiogenic factor as well as 
lymphoangiogenic one in colon cancer.50 In the present study no 
significant differences (p<0.05) were found in the protein levels of 
this pro-angiogenic factor when the spheroids were treated with the 
single treatments, either MH or 5-Fu. While the combined use of 
these led to a strong downregulation (p<0.05) in the protein levels of 
VEGF-2, which are 2.10 times lower than those found in CSCs-like 
deriving from untreated spheroids. Similarly, in breast CSCs-like 
(from SUM-149 and SUM-190) EGCG in association with the 
chemotherapeutic agent was found to downregulate this 
lymphoangiogenesis promoting protein.51 
In conclusion it can be affirmed that through this experiment which 
analysed the levels of different proteins involved in angiogenesis it is 
possible to note that some of the pro-angiogenic factors (b-FGF, 
GRO, PIGF) were strongly up-regulated by the use of 
chemotherapeutic agent alone; this could be due to the fact that it 
has been found in several studies that different stressful conditions 
are able to up-regulate the levels of these factors 52 and it could be 
speculated that the 5-Fu could act as a stressful agent favouring an 
up-regulation of these pro-angiogenic proteins. It is also interesting 
to observe how MH acted synergistically in the downregulation of 
some pro-angiogenic factors (b-FGF, IGF-I, PDGF-BB, PIGF, TGF-β1 
and VEGF-D) respect to single treatments. It could therefore be said 
that the use of MH in combination with 5-Fu was able to decrease 
the protein levels of some pro-angiogenic factors and could also be 
able to mitigate a physiological increase in the protein levels of these 
pro-angiogenic factors due to the chemotherapeutic drug, which as 
seen for GRO could be also related to some side effects encountered 
after taking chemotherapeutic agents. 
MH in combination with 5-Fu reduces telomere length of colon 
CSCs-like from spheroids 
There are some studies that link the ability to self-renewal of stem-
cells, EMT in cancer cells, resistance to apoptotic phenomena also to 

telomere (repetitive hexamer of TTAGGGs) length, which, however, 
has a controversial role in the onset and in the progression of cancer 
and is still being studied especially regarding CSCs. In fact, there are 
some scientific studies that associate a shortening of telomeres with 
carcinogenesis phenomena, on the other hand there are many 
others that instead attribute a greater length of telomeres to 
increased survival capacity with associated immortality in tumor 
cells; (cancer-telomere length paradox is associated with the type of 
cancer and the relationships between chromosomal ends and cancer 
have yet to be fully studied and understood.53 
In this last part of this work, it was evaluated the effect of the 
different treatments on telomere length by quantitative Real-Time 
PCR using telomere specific primers and DNA extracted from cells 
deriving from monolayer culture or from colonspheres treated or 
not. The results were adjusted to the single copy gene Rplp0 
evaluated also for each condition.  
As can be seen in Figure 5, there was a statistically significant 
difference (p<0.05), albeit slight, in telomere length between HCT-
116 conventionally cultured and CSCs-like deriving from untreated 
spheroids (1.08 fold decrease). Similarly, when the colonspheres 
were treated with the two MH concentrations, the telomere length 
was less than the control, by 1.53 and 1.57 times, respectively. 
Treatment with 5-Fu alone and the combination with the lowest 
concentration of MH also lowered the values compared to the CTL 
respectively 1.27 and 1.21 times. When, on the other hand, the 
tumorsphere were treated with the 5-Fu 50 μM + MH 37.5 mg/mL 
treatment, the reduction observed was more evident, in fact a 
statistically significant reduction (p<0.05) was detected, equal to a 
value 1.74 times smaller than that observed in CSCs-like deriving 
from untreated spheroids. Similar results were observed in colon 
CSCs-like (from HCT-116 cell line) treated with walnut phenolic 
extracts in association with a decreased enzymatic activity of 
telomerase (enzyme that adds repetitive sequences of non-coding 
DNA), associated with a reduction of c-Myc, which seems to be 
involved in the activation of telomerase.54 Similar results were also 
observed by Chung et al., (2018) 55 in colon cancer cells from HCT-
116 and DLD1 cell lines, where resveratrol and even more the 
combination of this phenolic compound with 5-Fu significantly 
decreased telomerase activity in association with a decrease in 
typical stem cell markers. 
For c-Myc (Figure 6) no statistically significant difference (p<0.05) 
was detected between parental cells and CSCs-like originating from 
untreated colonspheres. Also for the spheroids treated with MH  50 
mg/mL alone and with the chemotherapy drug alone, no statistically 
significant change (p<0.05) was note. While when the speroids were 
treated with MH 75 mg/mL led to a reduction of 1.08 fold in c-Myc 
expression in comparison to the CTL. The decrease in the expression 
levels of this proto-oncogene was bigger when the CSCs were 
exposed to the combined treatments, resulting 1.25 and 1.28 times 
less than in the control.   
In conclusion it can be said that in this study it was found that MH, in 
particular in combination with 5-Fu, was able to influence the length 
of telomeres, which is reduced in treated CSCs-like, result related to 
the downregulation of c-Myc. . 



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 11

Please do not adjust margins 

Please do not adjust margins 

Figure 6. The effect of MH, 5-Fu and their combination on telomere length 
and on c-Myc expression. Telomere length and c-Myc mRNA expression was 
examined via Real-Time PCR in cells originating from monolayer culture (2D) 
and cells (CSCs-like) derived from spheroids, both untreated (CTL) and treated 
with various conditions. The data is presented as the mean ± standard 
deviation from three independent experiments (n=3). Distinct letters within 
the same column signify statistically significant differences (p<0.05). c-Myc: 
cellular Myelocytomatosis. 

Conclusion 
 From the results obtained it can be stated that the use of MH, 
especially in combination with 5-Fu, is able to mitigate the migration 
capacity of CSCs-like. This ability in tumor cells and CSCs-like is closely 
related to the EMT process and therefore to the ability to initiate 
metastasis. In this study, a downregulation of TFs such as Slug, Snail 
and Twist was noted, key factors of EMT as they directly or indirectly 
regulate the expression of E-cadherin. 

Furthermore, it has been found that some of the pro-angiogenic 
factors (b-FGF, GRO, PIGF) resulted to be strongly up-regulated by 
the use of chemotherapeutic agent alone, this could be due to the 
fact that different stressful conditions are able to up-regulate the 
levels of these factors and it could be speculated that 5-Fu could act 
as a stressful agent favouring an up-regulation of these pro-
angiogenic proteins. It was observed that instead MH acted 

synergistically with 5-Fu in the downregulation of some pro-
angiogenic factors (b-FGF, IGF-I, PDGF-BB, PlGF, TGF-β1 and VEGF-D). 
Therefore the use of MH in combination with 5-Fu was able to 
decrease the protein levels of some pro-angiogenic factors, and to 
mitigate a physiological increase in the protein levels of these pro-
angiogenic factors due to the chemotherapeutic drug, which, as seen 
for GRO, could be also related to some side effects encountered after 
taking chemotherapeutic agents. Based on the results obtained, it 
also appears that MH, in particular in combination with 5-Fu, was 
able to influence the length of telomeres, which appears to be 
shorter in treated CSCs-like; it may be speculated that it may act on 
telomerase activity through the downregulation of c-Myc. 
In conclusion, the results obtained in this research suggest that MH 
possesses an anti-metastatic effect in an in vitro cellular model by 
acting through various mechanisms that contribute to the metastatic 
potential of tumor cells, particularly of CSCs. Further studies, both in 
vitro and in vivo, as well as clinical trials, are unquestionably 
necessary to assess whether a specific bioactive compound or a 
combination of these within MH are responsible for this anti-
metastatic and chemosensitizing effect against 5-Fu. Of particular 
interest and worth noting is the finding regarding the regulation of 
the pro-angiogenic factor GRO, which is responsible, as previously 
mentioned, for various adverse effects of chemotherapy in colon 
cancer patients and that in this study was found to be significantly 
downregulated with the combined treatment. For this reason, it 
deserves further exploration in the future. 

Author Contributions 
Danila Cianciosi and Tamara Y. Forbes-Hernandez conceived and 
designed the experiments. Danila Cianciosi and Maria Elexpuru-
Zabaleta performed the in vitro assays. José L. Quiles analyzed the 
data. Danila Cianciosi and Tamara Y. Forbes-Hernandez wrote the 
manuscript with input from all authors. Maurizio Battino and 
Francesca Giampieri supervised the project. All authors discussed the 
results and provided the final approval of the manuscript. 

Conflicts of interest 

The authors declare that they have no conflict of interest.

Acknowledgements 

Dr Cianciosi (D.C.) was supported by a Fondazione Umberto 
Veronesi fellowship. 

References

1. International Agency for Research on Cancer (IARC),
https://gco.iarc.fr/en, (accessed May 2024) 



ARTICLE Journal Name 

12 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

2. F. Ciardiello, D. Ciardiello, G. Martini, S. Napolitano, J. 
Tabernero and A. Cervantes. Clinical management of
metastatic colorectal cancer in the era of precision medicine,
CA: A Cancer Journal for Clinicians, 2022, 72, 372-401, DOI:
10.3322/caac.21728 

3. C. Hervieu, N. Christou, S. Battu and M. Mathonnet, The Role 
of Cancer Stem Cells in Colorectal Cancer: From the Basics to
Novel Clinical Trials, Cancers (Basel), 2021, 13, 1092, DOI:
10.3390/cancers13051092 

4. A. Fantozzi, D.C. Gruber, L. Pisarsky, C. Heck, A. Kunita, M
Yilmaz, N. Meyer-Schaller, K. Cornille, U. Hopfer, M. Bentires-
Alj and G. Christofori, VEGF-mediated angiogenesis links
EMT-induced cancer stemness to tumor initiation, Cancer
Research, 2014,74, 1566-1575.

5. Y. Zou, Y.S. Cong and J. Zhou, Implications of telomerase
reverse transcriptase in tumor metastasis, BMB Reports,
2020, 3, 458-465,

6. C. D'Alterio, S. Scala, G. Sozzi, L. Roz and Bertolini G,
Paradoxical effects of chemotherapy on tumor relapse and
metastasis promotion, Seminars in Cancer Biology, 2020, 60,
351-361, DOI: 10.1016/j.semcancer.2019.08.019 

7. J. Seo, J. Ha, E. Kang and S. Cho, (2021). The role of epithelial-
mesenchymal transition-regulating transcription factors in
anti-cancer drug resistance, Archives of pharmacal research,
2021, 44, 281–292, https://doi.org/10.1007/s12272-021-
01321-x 

8. J.D. Middleton, D.G. Stover and T. Hai, Chemotherapy-
Exacerbated Breast Cancer Metastasis: A Paradox
Explainable by Dysregulated Adaptive-Response,
International Journal of Molecular Sciences, 2018, 19, 3333¸
DOI: 10.3390/ijms19113333 

9. S. Heerboth, G. Housman, M. Leary, M. Longacre, S. Byler, K. 
Lapinska, A. Willbanks and S. Sarkar, EMT and tumor
metastasis, Clinical and Translational Medicine, 2015, 4, 6,
DOI: 10.1186/s40169-015-0048-3 

10. R. Lugano, M. Ramachandran and A. Dimberg, Tumor
angiogenesis: causes, consequences, challenges and
opportunities, Cellular and Molecular Life Sciences, 2020, 77,
1745-1770, DOI: 10.1007/s00018-019-03351-7

11. E.H. Blackburn, Telomeres and their synthesis, Science, 1990,
249, 489-490, DOI: 10.1126/science.2200120 

12. J.W. Shay, Role of Telomeres and Telomerase in Aging and
Cancer, Cancer Discovery, 2016, 6, 584-593, DOI:
10.1158/2159-8290.CD-16-0062 

13. T. Eitsuka, K. Nakagawa, S. Kato, J. Ito, Y. Otoki, S. Takasu, N.
Shimizu, T. Takahashi and T. Miyazawa, Modulation of
Telomerase Activity in Cancer Cells by Dietary Compounds: A
Review, International Journal of Molecular Sciences, 2018,
19, 478, DOI: 10.3390/ijms19020478

14. D. Cianciosi, T.Y. Forbes-Hernández, J. Ansary, E. Gil, A. Amici,
S. Bompadre, J. Simal-Gandara, F. Giampieri and M. Battino,
Phenolic compounds from Mediterranean foods as
nutraceutical tools for the prevention of cancer: The effect
of honey polyphenols on colorectal cancer stem-like cells
from spheroids, Food Chemistry, 2020, 325, 126881, DOI:
10.1016/j.foodchem.2020.126881 

15. D. Cianciosi, T.Y. Forbes-Hernández, L. Regolo, J.M. Alvarez-
Suarez, D. Quinzi, A. Sargenti, W. Bai, L. Tian, F. Giampieri and
Battino M, Manuka honey in combination with 5-Fluorouracil 
decreases physical parameters of colonspheres enriched
with cancer stem-like cells and reduces their resistance to
apoptosis, Food Chemistry, 2022, 374, 131753, DOI:
10.1016/j.foodchem.2021.131753 

16. S.S. Wang, J: Jiang, X.H. Liang and Y.L. Tan, Links between
cancer stem cells and epithelial-mesenchymal transition,
OncoTargets and Therapy, 2015, 8, 2973-2980, DOI:
10.2147/OTT.S91863 

17. A. Ogunkunle and J. Ideh, Colourimetric analysis of some
powdered medicinal herbs from Ogbomoso, Nigeria. J Med.
Plant, 2019, 3, 8, https://doi.org/10.4102/jomped.v3i1.68

18. M. Carrizzo, Loss of E-Cadherin Expression and Epithelial
Mesenchymal Transition (EMT) as Key Steps in Tumor
Progression, Journal of Cancer Prevention & Current
Research, 2017, 7, 3, DOI: 10.15406/jcpcr.2017.07.00235

19. X.Y. Han, B. Wei, J.F. Fang, S. Zhang, F.C. Zhang, H.B. Zhang,
T.Y. Lan, H.Q. Lu and Wei HB, Epithelial-mesenchymal
transition associates with maintenance of stemness in
spheroid-derived stem-like colon cancer cells, PLoS One,
2013, 8, e73341, DOI: 10.1371/journal.pone.0073341

20. H. Fujiki, E. Sueoka, A. Rawangkan and M. Suganuma, Human 
cancer stem cells are a target for cancer prevention using (-
)-epigallocatechin gallate, Journal of Cancer Research and
Clinical Oncology, 2017, 143, 2401-2412, DOI:
10.1007/s00432-017-2515-2 

21. H. Chung, H.S. Choi, E.K. Seo, D.H. Kang and E.S. Oh, Baicalin
and baicalein inhibit transforming growth factor-β1-
mediated epithelial-mesenchymal transition in human
breast epithelial cells, Biochemical and Biophysical Research
Communications, 2015, 458, 707-713, DOI: 
10.1016/j.bbrc.2015.02.032 

22. B. Yang, J. Huang, T. Xiang, X. Yin, X. Luo, J. Huang, F. Luo, H.
Li, H. L and G. Ren, Chrysin inhibits metastatic potential of
human triple-negative breast cancer cells by modulating
matrix metalloproteinase-10, epithelial to mesenchymal
transition, and PI3K/Akt signaling pathway, Journal of
Applied Toxicology, 2014, 34, 105-12, DOI: 10.1002/jat.2941

23. S.N.Tang, C. Singh, D. Nall, D. Meeker, S. Shankar and R.K.
Srivastava, The dietary bioflavonoid quercetin synergizes
with epigallocathechin gallate (EGCG) to inhibit prostate
cancer stem cell characteristics, invasion, migration and
epithelial-mesenchymal transition, Journal of Molecular
Signaling, 2010, 5, 14, DOI: 10.1186/1750-2187-5-14

24. C. Giacomelli, S. Daniele, L. Natali, C. Iofrida, G. Flamini, A.
Braca, M.L. Trincavelli and C: Martini, Carnosol controls the
human glioblastoma stemness features through the
epithelial-mesenchymal transition modulation and the
induction of cancer stem cell apoptosis, Scientific Reports,
2017, 7, 15174, DOI: 10.1038/s41598-017-15360-2

25. F. Fan, S. Samuel, K.W. Evans, J. Lu, L. Xia, Y. Zhou, E. Sceusi, F.
Tozzi, X.C: Ye, S.A. Mani and L.M. Ellis, Overexpression of
snail induces epithelial-mesenchymal transition and a cancer 
stem cell-like phenotype in human colorectal cancer cells,
Cancer Medicine, 2012, 1, 5-16, DOI: 10.1002/cam4.4

26. Y. Yang, G. Wang, D. Zhu, Y. Huang, Y. Luo, P. Su, X. Chen, Q.
Wang, Epithelial-mesenchymal transition and cancer stem
cell-like phenotype induced by Twist1 contribute to acquired 
resistance to irinotecan in colon cancer, International Journal
of Oncology, 2017, 51, 515-524, DOI: 10.3892/ijo.2017.4044

27. O. Ayinde, Z. Wang, G. Pinton, L. Moro and M. Griffin,
Transglutaminase 2 maintains a colorectal cancer stem
phenotype by regulating epithelial-mesenchymal transition,
Oncotarget, 2019, 10, 4556-4569, DOI:
10.18632/oncotarget.27062 

28. J. Feng, D. Song, S. Jiang, X. Yang, T. Ding, H. Zhang, J. Luo, J.
Liao and Q. Yin, Quercetin restrains TGF-β1-induced
epithelial-mesenchymal transition by inhibiting Twist1 and
regulating E-cadherin expression, Biochemical and
Biophysical Research Communications, 2018, 498, 132-138,
DOI: 10.1016/j.bbrc.2018.02.044 

29. Y. Yao, K. Zhao, Z. Yu, H. Ren, L. Zhao, Z. Li, Q. Guo and N. Lu,
Wogonoside inhibits invasion and migration through
suppressing TRAF2/4 expression in breast cancer, Journal of
Experimental & Clinical Cancer Research, 2017, 36, 103, DOI:
10.1186/s13046-017-0574-5 



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 13

Please do not adjust margins 

Please do not adjust margins 

30. E. Acikgoz, C. Tatar and G. Oktem, Triptolide inhibits CD133+
/CD44+ colon cancer stem cell growth and migration through
triggering apoptosis and represses epithelial-mesenchymal
transition via downregulating expressions of snail, slug, and 
twist, Journal of Cellular Biochemistry, 2020, 121, 3313-3324,
DOI: 10.1002/jcb.29602 

31. D. Ribatti, Cancer stem cells and tumor angiogenesis, Cancer
Letters, 2012, 321, 13-17, DOI: 10.1016/j.canlet.2012.02.024

32. A. Stahler, S. Stintzing, M. Urbischeck, D.P. Modest, L.F. von
Weikersthal, J. Kumbrin, V. Heinemann, T. Kirchner and A.
Jung, Targeting FGF2 expression against chemoresistance in
colorectal cancer (CRC) cell lines - a potential prognostic
biomarker in patients with metastatic colorectal cancer
(mCRC) treated with FUFIRI or mIrOx (FIRE1), Annals of
Oncology, 2016, 27, VI156,
DOI:https://doi.org/10.1093/annonc/mdw370.22 

33. M. Sukhthankar, K. Yamaguchi, S.H. Lee, M.F. McEntee, T.E.
Eling, Y. Hara and S.J. Baek, A green tea component
suppresses posttranslational expression of basic fibroblast
growth factor in colorectal cancer, Gastroenterology, 2008,
134, 1972-1980, DOI: 10.1053/j.gastro.2008.02.095

34. S. Sae-Lim, B. Soontornworajit and P. Rotkrua, Inhibition of
Colorectal Cancer Cell Proliferation by Regulating Platelet-
Derived Growth Factor B Signaling with a DNA Aptamer,
Asian Pacific Journal of Cancer Prevention, 2019, 20, 487-
494, DOI: 10.31557/APJCP.2019.20.2.487 

35. H. Sakai, Y. Kai, A. Oguchi, M. Kimura, S. Tabata, M. Yaegashi,
T. Saito, K. Sato, F. Sato, T. Yumoto and M. Narita, Curcumin 
Inhibits 5-Fluorouracil-induced Up-regulation of CXCL1 and
CXCL2 of the Colon Associated with Attenuation of Diarrhoea
Development, Basic & Clinical Pharmacology & Toxicology,
2016, 119, 540-547, DOI: 10.1111/bcpt.12619

36. S.A. Bustin, S. Dorudi, S.M. Phillips, R.M. Feakins and P.J.
Jenkins, Local expression of insulin-like growth factor-I 
affects angiogenesis in colorectal cancer, Tumor Biology,
2002, 23, 130-138, DOI: 10.1159/000064029

37. Y. Sakamoto, N. Terashita, T. Muraguchi, T. Fukusato and S.
Kubota, Effects of epigallocatechin-3-gallate (EGCG) on A549 
lung cancer tumor growth and angiogenesis, Bioscience,
Biotechnology, and Biochemistry, 2013, 77, 1799-1803, DOI:
10.1271/bbb.120882 

38. L.H. Dong, J.K. Wen, S.B. Miao, Z. Jia, H.J. Hu, R.H. Sun, Y. Wu
and M. Han, Baicalin inhibits PDGF-BB-stimulated vascular
smooth muscle cell proliferation through suppressing
PDGFRβ-ERK signaling and increase in p27 accumulation and
prevents injury-induced neointimal hyperplasia, Cell 
Research 2010, 20, 1252-1262, DOI: 10.1038/cr.2010.111

39. T. Macarulla, C. Montagut, F.J. Sánchez-Martin, M. Granja, H. 
Verdaguer, J. Sastre and J. Tabernero, The role of PIGF
blockade in the treatment of colorectal cancer: overcoming
the pitfalls, Expert Opinion on Biological Therapy, 2020, 20,
15-22, DOI: 10.1080/14712598.2020.1677603

40. X.H. Xu, C. Zhao, Q. Peng, P. Xie and Q.H. Liu, Kaempferol
inhibited VEGF and PGF expression and in vitro angiogenesis
of HRECs under diabetic-like environment, Brazilian Journal
of Medical and Biological Research, 2017, 50, e5396, DOI:
10.1590/1414-431X20165396 

41. G. Ferrari, B.D. Cook, V. Terushkin, G. Pintucci and P. Mignatti,
Transforming growth factor-beta 1 (TGF-beta1) induces
angiogenesis through vascular endothelial growth factor
(VEGF)-mediated apoptosis, Journal of Cellular Physiology,
2009, 219, 449-458, DOI: 10.1002/jcp.21706

42. N.M. Sørensen, P. Byström, I.J. Christensen, A. Berglund, H.J
Nielsen, N. Brünner and B. Glimelius, TIMP-1 is significantly
associated with objective response and survival in metastatic
colorectal cancer patients receiving combination of
irinotecan, 5-fluorouracil, and folinic acid, Clinical Cancer

Research, 2007, 13, 4117-4122, DOI: 10.1158/1078-
0432.CCR-07-0186 

43. C. Meng, X. Yin, J. Liu, K. Tang, H. Tang and J. Liao, TIMP-1 is a
novel serum biomarker for the diagnosis of colorectal cancer:
A meta-analysis, PLoS One, 2018, 13, e0207039, DOI:
10.1371/journal.pone.0207039 

44. M.J. Bae, F. Karadeniz, J.H. Oh, G.H. Yu, M.S. Jang, K.H. Nam,
Y. Seo and C.S. Kong, MMP-Inhibitory Effects of Flavonoid
Glycosides from Edible Medicinal Halophyte Limonium
tetragonum, Evidence-Based Complementary and
Alternative Medicine, 2017, 2017, 6750274, DOI: 
10.1155/2017/6750274 

45. M.Z. Banday and A.S. Sameer, Strong association of tissue
inhibitor of metalloproteinase (TIMP)-2 and -3 promoter
single nucleotide polymorphisms with risk of colorectal
cancer in ethnic Kashmiri population-a case control study,
Bioscience Reports, 2019, 39, BSR20190478, DOI:
10.1042/BSR20190478 

46. C.C. Huang, C.H. Hung, C.C. Chen, S.H. Kao and C. Wang,
Hibiscus sabdariffa polyphenol-enriched extract inhibits
colon carcinoma metastasis associating with FAK and
CD44/c-MET signaling, Journal of Functional Foods, 2018, 48,
542-550, https://doi.org/10.1016/j.jff.2018.07.055

47. M.W. Roomi, T. Kalinovsky, A. Niedzwiecki and M. Rath,
Modulation of uPA, MMPs and their inhibitors by a novel
nutrient mixture in human colorectal, pancreatic and hepatic
carcinoma cell lines, International Journal of Oncology, 2015,
47, 370-376, DOI: 10.3892/ijo.2015.3008

48. D. Avtanski and L. Poretsky, Phyto-polyphenols as potential
inhibitors of breast cancer metastasis, Molecular Medicine,
2018, 24, 29, DOI: 10.1186/s10020-018-0032-7

49. S.C. Huang, C.T. Ho, S.Y. Lin-Shiau and J.K. Lin, Carnosol
inhibits the invasion of B16/F10 mouse melanoma cells by
suppressing metalloproteinase-9 through down-regulating
nuclear factor-kappa B and c-Jun, Biochemical 
Pharmacology, 2005, 69, 221-232, DOI: 
10.1016/j.bcp.2004.09.019 

50. M.L. George, M.G. Tutton, F. Janssen, A. Arnaout, A.M.
Abulafi, S.A. Eccles and R.I. Swift, VEGF-A, VEGF-C, and VEGF-
D in colorectal cancer progression, Neoplasia, 2001, 3, 420-
427, DOI: 10.1038/sj.neo.7900186 

51. N.D. Mineva, K.E. Paulson, S.P. Naber, A.S. Yee and G.E.
Sonenshein, Epigallocatechin-3-gallate inhibits stem-like
inflammatory breast cancer cells, PLoS One 2013, 8, e73464,
DOI: 10.1371/journal.pone.0073464 

52. F. Fan, M.J. Gray, N.A. Dallas, A.D. Yang, G. Van Buren, E.R.
Camp and L.M. Ellis, Effect of chemotherapeutic stress on
induction of vascular endothelial growth factor family
members and receptors in human colorectal cancer cells,
Molecular Cancer Therapeutics, 2008, 7, 3064-3070, DOI:
10.1158/1535-7163.MCT-08-0615 

53. E.J. McNall, P.J. Luncsford and M. Armanios, Long telomeres
and cancer risk: the price of cellular immortality. Journal of
Clinical Investigation, 2019, 129, 3474-3481, DOI:
10.1172/JCI120851 

54. P.K. Shin, Y. Zoh, J. Choi, M.S. Kim, Y. Kim and S.W. Choi,
Walnut phenolic extracts reduce telomere length and
telomerase activity in a colon cancer stem cell model,
Nutrition Research and Practice, 2019, 13, 58-63, DOI:
10.4162/nrp.2019.13.1.58 

55. S.S. Chung, P. Dutta, D. Austin, P. Wang, A. Awad and J.V. 
Vadgama, Combination of resveratrol and 5-flurouracil
enhanced anti-telomerase activity and apoptosis by
inhibiting STAT3 and Akt signaling pathways in human
colorectal cancer cells, Oncotarget, 2018, 9, 32943-32957,
DOI: 10.18632/oncotarget.25993 


