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A BST R AC T   

 

Aim: Aronia melanocarpa is a fruit exhibiting antioxidant, anti-inflammatory, antidiabetic, hypolipidemic, and 

anticarcinogenic properties. Telomerase is a critical factor in the development of colon cancer, and it is being 

looked at as a target for cancer treatments. In the present study, we aimed to examine the potential effect of 

Aronia melanocarpa extract on cell viability and protein concentration of the human telomerase reverse 

transcriptase (hTERT) in the human colon cancer cell line (HT-29) and the non-tumorigenic human umbilical 

vein endothelial cell line (HUVEC).  

Methods: Cell lines were treated with different concentrations of Aronia extract (50-750 μg/ml) for 48 h. The 

cytotoxic activity of Aronia extract was determined using the MTT assay. hTERT protein concentration 

(pg/ml) was measured using a sandwich ELISA.  

Results: The MTT assay test showed that Aronia extract induces 50% cell death (IC50) at a concentration of 

186 μg/mL at 48 h post-treatment in the HT-29 cell line. Cytotoxicity results showed a dose-dependent 

decrease in cell viability in the HT-29 cell line. However, increasing Aronia extract concentrations showed no 

similar effect on the HUVEC cell line. The hTERT protein concentration in HT-29 cells was 1.9-fold higher 

than that of HUVEC cells. Increasing concentrations of Aronia extract was linked with a significant decrease 

in hTERT protein level in HT-29 cells, whereas the hTERT protein concentration in HUVEC cells did not 

change significantly.  

Conclusions: Our results suggest that A. melanocarpa may be a potential therapeutic agent for 

anticarcinogenic activity. Also, the anti-proliferative effects of Aronia extract may be attributed, at least partly, 

to the decreased hTERT protein level of HT-29 cells.   
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Human colon cancer is one of the most 

common cancers in men and women and the 

fourth most common cause of cancer-related 

mortality worldwide [1]. Chemotherapy and 

radiotherapy are often used to treat colon cancer; 

however, they are associated with several 

adverse effects in cancer patients. While 

synthetic anticancer medications prolong 

survival, they often lead to systemic toxicity and 

have multiple side effects, including nausea, 

vomiting, anorexia, diarrhea, and bleeding. Such 

adverse effects often threaten the patients' quality 

of life, making it challenging to continue cancer 

therapy. Although numerous beneficial strategies 

have been developed to prevent or ameliorate 

these adverse effects, these strategies might be 

insufficient. Synthetic anticancer drugs induce 

normal cell toxicity and gradually increase 

resistance in cancer cells [2]. They are also high 

cost. In addition, restricted access to diagnostic 

tools limits the use of synthetic anticancer drugs 

in the treatment of cancer in developing 

countries, especially in rural areas. However, 

recent studies suggest the use of on-target drugs 

to overcome the limitations of cancer 

chemotherapy. Monoclonal antibodies (mAbs) 

are valuable tools because they can significantly 

target cancer cells and fight cancer in many ways 

[3]. mAbs may affect tumor cells by changing the 

activation status of membrane-bound receptors 

or neutralizing cytokines required for cellular 

growth and proliferation, disrupting the growth 

signaling pathways of malignancies [4]. Despite 

recent breakthroughs in targeted medicines, their 

clinical effectiveness has been limited. They are 

not effectively curative and prohibitively 

expensive. Unfortunately, on-target drugs may 

not cause long-lasting effects on tumor cells due 

to drug resistance and tumor cell plasticity [5]. 

Growing evidence suggests colon cancer is a 

multi-modal disease where variables in the tumor 

microenvironment play a role in its etiology. 

Long-term cancer prevention may save more 

lives than current chemotherapies and targeted 

medications. Given the toxicity and expensive 

cost of contemporary medications, there is a 

rising interest in researching natural products that 

are safe and economical for colon cancer 

prevention and adjunctive therapy along with 

conventional treatments. Therefore, identifying 

novel medications for prevention and using 

alternative cancer therapy regimens are 

desirable. In this sense, natural products derived 

from plant extracts are seen as promising since 

they are rich suppliers of chemicals with many 

medicinal applications [6, 7]. Today, the majority 

of anticancer medications are derived from 

plants. In addition, plant metabolites have 

demonstrated potent chemoprotective activity 

against colon cancer cells by inducing apoptosis 

and cell cycle arrest, modulating tumor-

suppressing microRNA, and inhibiting oncogene 

and anti-apoptotic factors [8]. Therefore, it is 

crucial to discover novel anti-cancer agents 

derived from natural products for the treatment 

of colon cancer. 

Aronia melanocarpa (black chokeberry) is a 

plant that belongs to the family Rosaceae. 

A.melanocarpa contains anthocyanins (cyanidin 

3-O-galactoside, cyanidin 3-O-arabinoside, 

cyanidin 3-O-xyloside, and cyanidin-3-O-

glucoside,), flavonoids (quercetin 3-O-

vicianoside, quercetin 3-O-robinobioside, and 

other quercetin glucosides), phenolic acids 

(chlorogenic acid, neochlorogenic acid, caffeic 

acid, and ferulic acid), and vitamin C and E [9]. 

Aronia berries have many beneficial effects on 

human health, including antioxidant, anti-

inflammatory, anti-atherosclerotic, and 

antidiabetic activities. In addition, Aronia 

melanocarpa exhibits an inhibitory effect on 

breast, lung, and colon cancer cell proliferation, 

Introduction 
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which has been confirmed by in vitro and in vivo 

studies [10-13]. Phenolic and non-phenolic 

components of Aronia berries have potential to 

interfere with several pathways linked to cancer, 

such as inhibition of cell growth, cell cycle arrest, 

induction of apoptosis, and the regulation of cell 

metabolism. However, affected cancer-related 

pathways do not explain the molecular processes 

behind the anti-cancer efficacy of Aronia 

melanocarpa. So far, no adverse or toxic effects 

related to Aronia melanocarpa fruit, juice, or 

extracts have been reported in the literature [14]. 

Telomerase is an enzyme that maintains telomere 

length by synthesizing nucleotide repeats at the 

distal ends of chromosomes. Human telomerase 

consists of two components, human telomerase 

reverse transcriptase (hTERT) and human 

telomerase RNA (hTR) subunits [15]. hTERT is 

the catalytic subunit of telomerase, which is 

considered the key determinant of its activity 

[16]. Even though telomerase activity is very low 

or undetectable in somatic cells, it is high in 

approximately 85% of human cancers [17]. The 

activation of telomerase is a critical step in the 

formation of malignant tumors. It has been 

reported that telomerase activity is very high in 

colorectal adenocarcinomas [18, 19].  

Telomerase activity promotes cell 

proliferation and prevents apoptosis of cancer 

cells [20], whereas telomerase inhibition induces 

intense cell death in actively dividing tumor cells 

[21]. Therefore, targeting telomerase is a 

promising therapeutic intervention for cancer 

treatment. A strong correlation has been 

observed between hTERT mRNA expression, 

telomerase activity, and hTERT protein levels in 

colon cancer [22]. As a result, the hTERT protein 

level may be used as an indirect indicator of 

telomerase activity and as a potential biomarker 

for colorectal cancer [17].  

However, there is currently limited 

information concerning A. melanocarpa 

inhibiting the proliferation of colon cancer cells 

and its effect on the hTERT protein level. In this 

study, we investigated for the first time the 

cytotoxic effect of Aronia extract on human 

colon cancer (HT-29) and human umbilical vein 

endothelial (HUVEC) cell lines, along with the 

concentration of the hTERT protein.  

 

 

 

Aronia Melanocarpa extract was provided as 

a dark purple-colored powder by Artemis 

International (Fort Wayne, IN, USA). It is a 

purified extract containing a number of 

anthocyanins, proanthocyanidins, phenolic acids, 

and flavonoids, which were standardized by the 

producer on the anthocyanin content 

(standardized to a minimum of 15%). 

Cell culture and Aronia extract treatment 

The HT-29 (passage number 12) and HUVEC 

cell (passage number 9) lines were obtained from 

the Department of Biochemistry, Istanbul 

University. The cells were cultured in T-25 flasks 

containing RPMI-1640 medium (Sigma-Aldrich) 

supplemented with 10% (v/v) heat-inactivated 

fetal bovine serum (FBS) (Gibco, Invitrogen, 

UK), 1% penicillin-streptomycin (Biological 

Industries) and 2 mM L-glutamine (Biological 

Industries) in a fully humidified atmosphere 

containing 5% CO2 at 37° C. Polyphenolics from 

Aronia melanocarpa were dissolved in the 

solvent dimethyl sulfoxide (DMSO) (Sigma) 

prior to use. The cells were treated with Aronia 

extract at 0, 50, 100, 200, 400, 500, and 750 μg 

for 48 h after 24 h of culture.  

MTT assay 

Evaluation of cytotoxicity was assessed by the 

3- (4,5-dimethylthiazol-2-yl) -2,5-

diphenyltetrazoliumbromide (MTT, Sigma) 

method. The MTT test is based on the principle 

of converting yellow-color formazan crystals in 

MTT solution to a purple color by the 

Materials and metods 
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mitochondrial succinate dehydrogenases of 

living cells. The reduction activity depends on 

the intracellular concentrations of NADH and 

NADPH. 

Cultured cells were collected by 

trypsinization at ∼80% confluent and seeded in 

96-well plates at a density of 1 x 104 cells per 100 

µl of complete medium. The cells were incubated 

for 24 h at 37oC in a 5% CO2 incubator. After 24 

hours of incubation, the culture medium was 

removed and replaced with 100 µl of new 

complete medium for the control group. Cells 

were incubated with 100 µl of Aronia extract at 

different concentrations (50-750 μg/ml) for 48 h. 

At the end of the treatment, the culture medium 

was discarded. Cells were washed with 

phosphate-buffered saline (PBS) to remove non-

adherent cells. Then, 10 µl of MTT solution 

(diluted in culture medium, 0.25 mg/ml) was 

added to each well before being incubated at 37 

°C for 4 h. Following the incubation period, the 

MTT solution was removed, and 200 μl of 

DMSO was added to dissolve the formazan 

crystals, and incubated in a dark place for 2 h at 

room temperature. The absorbance of the colored 

solution was measured spectrophotometrically at 

an absorbance of 570 nm using an ELISA 

microplate reader. All experiments were 

performed at least three times independently, and 

their average values were calculated. The 

percentage of cell viability was calculated as 

follows: 

 Cell viability (%)

= 100𝑥 
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠
 

 

Measurement of hTERT concentration by 

ELISA assay 

The hTERT concentrations in cell lines were 

measured by a commercial sandwich ELISA kit, 

the Human Telomerase Reverse Transcriptase 

(hTERT) (cat. no. SEC241Hu; Cloud-Clone 

Corp., Houston, USA) according to the 

manufacturer's protocol. 

Statistical analysis 

Three independent experiments reported 

results as mean (M) ± standard deviation (SD). 

The One-way analysis of variance (ANOVA) test 

followed by the Bonferroni post hoc test was 

performed to compare the results. The 

concentration of Aronia extract, resulting in a 

50% reduction of cell viability and inhibitory 

concentration (IC50 value), was derived from the 

curve fitting of the dose-response data using 

Graphpad Prism software, version 8.0.1 

(GraphPad Software, San Diego, CA, USA). 

Values less than 0.05 were considered to be 

statistically significant.  

 

 

 

Effects of Aronia extract on HT-29 and   

HUVEC cells proliferation 

HT-29 and HUVEC cells were treated with 

different concentrations of Aronia extract. The 

dose-response curve is illustrated in Figure 1. 

The viability of HT-29 cells treated with up to 50 

μg/ml of Aronia extract showed no significant 

reduction. A significant loss of viability was 

detectable at 100, 200, 400, 500, and 750 μg/ml 

concentrations during the 48 h of treatment. 

Aronia extract inhibited growth in a 

concentration-dependent manner. The IC50 of 

Aronia extract is 186 μg/ml after 48 h on HT-29 

cells (Figure 2). Aronia extract does not 

significantly affect the cell viability of HUVEC 

cells at concentrations up to 400 μg/mL in 48 h. 

Cell viability was significantly decreased 

following treatment with 500 and 750 μg/ml 

concentrations of Aronia extract compared to the 

control. The IC50 value of Aronia extract was not 

calculated on HUVEC cells because it yielded 

>50% inhibition of proliferation relative to 

untreated cells. 

Results  
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Figure 1. Effect of Aronia melanocarpa extract on cell viability of HT-29 and HUVEC cells as determined by 

the MTT assay. Cells were treated with the indicated concentrations of Aronia melanocarpa extract for 48 h. 

Data are expressed as cell viability (%) relative to controls not incubated with Aronia extract. Changes occurred 

in a dose-dependent manner. Each column represents the mean ± standard deviation for each group from at 

least three experiments. *P<0.05 **P<0.001 show significant differences compared to the control group. 

 

Figure 2. MTT assay results. The diagram 

shows that the IC50 dose of Aronia extract after 

48 h was 186 μg/mL. 

 

The MTT activity is proportional to the number 

of cells; hence, the observed absorbance 

correlates favorably with cell proliferation. As 

anticipated, aronia extract-treated cells 

exhibited a concentration-dependent inhibition 

in cell proliferation (Figure 3). 

 

 

Figure 3. Cell proliferation was determined 

by the MTT assay. HUVEC cells and HT-

29 colon cancer cells were treated with 

different Aronia extract concentrations for 

48 h. Values indicate the mean ± S.D of 

triplicate experiments. *P<0.05 **P<0.001 

show significant differences compared to 

the control group. 
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Effects of Aronia extract on hTERT 

concentrations 

hTERT concentrations were presented in 

Table 1. The hTERT concentration after 

treatment of HT-29 cells with 200, 400, and 500 

μg/ml of Aronia extract for 48 h was significantly 

decreased compared to the control. However, 

there were no significant differences in the 

hTERT concentration of HUVEC cells 

concerning treatment with 200 and 400 μg/ml 

concentrations of Aronia extract. There was a 

significant difference between hTERT levels 

following treatment with 500 μg/ml 

concentration of Aronia extract compared to the 

control. 

 

 

 

Most current anti-cancer drugs are derived 

from plants [23, 24]. Plants continue to hold 

much promise as a source of natural compounds 

that can be used to make new medications. 

Finding new and powerful natural products with 

chemopreventive potential and fewer side effects 

is essential to making cancer treatment more 

effective. Normal cells that do not express 

telomerase cannot lengthen their telomeres, 

resulting in a limited proliferative lifetime, while 

telomerase-expressing cancer cells (85% of 

cancer cells) can lengthen their telomeres using 

telomerase (containing hTERT and hTR 

subunits). This      crucial      distinction between  

 

 

 

 

 

 

 

 

 

 

normal and malignant cells makes telomerase a 

universal therapeutic target. Recent research has 

shown a correlation between telomerase activity 

and hTERT mRNA expression. These findings 

provide convincing evidence that the expression 

of hTERT was a rate-limiting factor in the 

enzymatic activity of human telomerase and that 

the upregulation of hTERT expression may play 

an essential role in human carcinogenesis [25]. 

Therefore, chemopreventive and 

chemotherapeutic agents that interfere with the 

regulation of telomerase activity are suggested to 

be crucial for triggering apoptosis in cancer cells.  

Aronia melanocorpa exerts anti-proliferative 

effects on human colon cancer cells by 

suppressing cell growth, inducing apoptosis and 

cell cycle arrest, and upregulating the expression 

of numerous cell cycle-related genes [10, 26-28]. 

Normal colon and human HT-29 colon cancer 

cell lines were exposed to Aronia melanocarpa 

extract for 24 hours. At a dose of 50 mg 

monomeric anthocyanin/ml, Aronia extract 

suppressed the growth of human HT-29 colon 

cancer cells by 60% without affecting the growth 

of normal cells [10]. Zhao et al. [11] 

demonstrated that chokeberry (Aronia 

melanocarpa E.) anthocyanin-rich extract 

showed strong inhibition against HT-29 cell 

growth with an IC50 value of 25 μg/mL 

chokeberry anthocyanin-rich extract. In another 

study, the viability of Caco-2 colon cancer cells 

was examined after exposure to a non-toxic dose 

Discussion 

 

Table 1. Effect of different aronia extract concentrations on the hTERT protein level of HT-29 and HUVEC 

cells. 

Aronia extract concentration 

(μg/ml) 

hTERT concentration (pg/ml) 

HT-29 HUVEC 

0 198.90 ± 2.85 105.10 ± 2.29 

200 95.64 ± 2.17 ** 103.10 ± 1.74 

400 85.01 ± 1.68 ** 101.70 ± 1.57 

500 64.27 ± 2.68 ** 100.80 ± 0.43 * 

The data were represented as mean ± standard deviation. *P<0.05, **P<0.001 vs. untreated control groups.  
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of Aronia melanocarpa juice (2 hours per day for 

4 days). It was discovered that this treatment 

inhibited Caco-2 cell proliferation and viability 

compared to untreated cells [13]. Aronia 

melanocarpa Elliot anthocyanins also showed 

anti-cancer activity by inhibiting Caco-2 cell 

proliferation, and the IC50 value was reported to 

be 148.3 μg/ml [29]. Based on in vitro and in vivo 

investigations, it is hypothesized that the 

majority of chokeberry extracts' anti-cancer 

properties result from the antioxidative activity 

of polyphenolics, particularly anthocyanins and 

chlorogenic acids. It has been reported that the 

antioxidant activity of Aronia berries was shown 

to be associated with their total procyanidin and 

anthocyanin content, and the cyanidin glycosides 

reduced HeLa human cervical cancer cell growth 

and enhanced reactive oxygen species (ROS) 

production [30]. The phenolic components of 

Aronia berries demonstrated strong antioxidant 

activity and cytotoxicity against HepG2 human 

liver cancer cells [31]. The black chokeberry 

extract is effective against human HT-29 colon 

cancer cells, and this activity was associated with 

its total phenolic content and caffeic and 

chlorogenic acids levels [32]. These results were 

validated by further research demonstrating the 

anthocyanin-rich blackberry extract's 

antioxidant, anti-inflammatory, and anti-

proliferative properties against HT-29 cells [33]. 

Anthocyanins in Aronia berries decrease 

inflammatory cytokines, SLC1A5 (solute carrier 

family 1 member 5) expression, and mTOR 

phosphorylation in Caco-2 cells. SLC1A5 is a 

cancer-specific amino acid carrier that regulates 

cell proliferation and invasion. Targeting 

SLC1A5 may lead to identifying new anti-cancer 

drugs derived from Aronia berries [34].  

Furthermore, it was discovered that the 

anthocyanins found in Aronia berries inhibit 

Caco-2 cell development via the Wnt/-catenin 

signaling pathway. Cyanidin-3-O-galactoside is 

one of the phenolic constituents of Aronia berries 

that has antitumor potential. Berry extracts 

containing cyanidin-3-O-galactoside inhibited 

BGC-803 human gastric cancer cell growth by 

inducing cell death via gene alterations, 

including increases in Bax and Bak expression 

and reductions in Bcl-2 and Bcl-xl expression 

[35]. Chlorogenic acid inhibits cancer cell 

proliferation, migration, and invasion by acting 

on p53, p38 MAPK, c-Jun amino-terminal kinase 

(JNK), c-Myc, ROS, and other targets. Ursolic 

acid, a pentacyclic triterpene derived from 

Aronia berries [36, 37], inhibits NF-κB 

activation, and angiogenesis, and metastasis. 

Ursolic acid displayed an anti-inflammatory 

effect via targeting histamine, lipoxygenase, 

cyclooxygenase, phospholipase, nitric oxide, and 

ROS, all of which mediate its anti-cancer activity 

[38, 39]. Therefore, future research on Aronia 

berries might concentrate more on optimizing the 

dosages of phenolic and other ingredients 

present, creating novel formulations, and 

isolating new active compounds and their 

synthetic modifications. 

Yet, to date, no research has investigated how 

Aronia extract effects hTERT protein 

concentration in cancer cells. However, some 

studies explore the influence of natural 

compounds derived from plants on the 

expression, activity, and concentration of 

telomerase in colon cancer cell lines. Resveratrol 

(stilbene) has been reported to show antitumor 

activity by inhibiting the expression of the 

hTERT protein. It substantially down-regulated 

telomerase activity in colon cancer cell lines 

[40]. Morus rubra, often known as red mulberry, 

exhibited telomerase-inhibiting activity owing to 

the presence of polyphenols. Demir et al. [41] 

have found that the dimethyl sulfoxide extract of 

M. rubra induces apoptosis in human colon 

cancer cell line WiDr through downregulation of 

hTERT mRNA expression. Several studies have 
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shown that the level of hTERT protein is strongly 

correlated to the expression of the hTERT gene 

and the activity of telomerase. The decrease in 

hTERT protein level was often coupled with 

downregulation of hTERT mRNA [42] and 

telomerase activity [43]. Samad et al. [22] 

reported that berberine treatment might 

downregulate hTERT gene expression and 

reduce telomerase activity and hTERT protein 

levels in colorectal cancer cell line (HCT 116), 

thereby inhibiting cell proliferation. 

In this study, we examined how the hTERT 

protein level was effected by Aronia 

melanocarpa extract in HT-29 colon cancer and 

HUVEC cell lines. As shown in Figure 1, the 

current investigation revealed that Aronia 

melanocarpa extract was non-toxic to the control 

HUVEC cell line. This data reinforces previous 

findings that Aronia melanocarpa is safe to take, 

even at larger quantities, since it does not have 

any side effects on normal cells. Additionally, 

our results are compatible with previous findings 

in research on malignant colon cancer cells. 

The results confirmed that Aronia extract has a 

direct, dose-dependent, inhibitory effect on cell 

proliferation in the HT-29 colon cancer cell line. 

Following a 48-hour treatment with Aronia 

extract, the IC50 for cell viability was determined 

at 186 μg/mL. In addition, for the first time, 

relatively high concentrations of this compound 

were found to be able to substantially decrease 

hTERT protein concentration. No statistically 

significant differences in cell viability and 

hTERT protein concentration were observed in 

HUVEC cells following a 48-h treatment with 

Aronia extract except of 50 and 100 μg/ml. 

However, the interference of Aronia 

melanocarpa with the hTERT protein level 

shows that polyphenols may play an unknown 

role in developing innovative anti-cancer 

strategies. These results further support the 

potential role of Aronia melanocarpa in the 

chemoprevention/chemotherapy of human colon 

cancer cells. 

 

 

 

In conclusion, Aronia extract inhibits the 

proliferation of HT-29 human colon cancer cells 

and this accompanied with decreasing hTERT 

protein level. The mechanism may be associated 

with the downregulation of hTERT mRNA gene 

expression and telomerase activity, resulting in a 

decrease in protein concentration. Further data is 

required to prove that hTERT protein 

concentration significantly correlates with 

telomerase activity and hTERT mRNA 

expression. These preliminary findings suggest 

that hTERT protein level may function as a 

prognostic indicator irrespective of kinetic 

parameters; nevertheless, this hypothesis needs 

to be verified using large-scale studies, including 

more detailed mechanistic and clinical data.  

 

Funding: This study was supported and funded 

by TUBITAK 2209A Program 2018/2 term. 

Conflict of interest: The authors declare that 

they have no conflict of interest. 

Ethical statement: Ethics committee decision 

was not taken as it was a laboratory study. 

 

Open Access Statement 

Experimental Biomedical Research is an open 

access journal and all content is freely available 

without charge to the user or his/her institution. 

This journal is licensed under a Creative 

Commons Attribution 4.0 International License. 

Users are allowed to read, download, copy, 

distribute, print, search, or link to the full texts of  

the articles, or use them for any other lawful 

purpose, without asking prior permission from 

the publisher or the author.  

 

Copyright (c) 2023: Author (s). 

Conclusions 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


                                              Caliskan et al. / Exp Biomed Res. 2023; 6(2):88-98 

   
 

96 
 

 

 

[1] Brenner H, Kloor M, Pox CP. Colorectal 

cancer. Lancet 2014;383(9927):1490-1502.  

[2] Benarba B, Pandiella A. Colorectal cancer and 

medicinal plants: Principle findings from 

recent studies. Biomed. Pharmacother. 

2018;107: 408–423. 

[3] Yu B, Tai HC, Xue W, et al. Receptor-

targeted nanocarriers for therapeutic delivery 

to cancer. Mol Membr Biol. 2010;27(7): 286–

98.  

[4] van Helden EJ, Menke-van der Houven van 

Oordt CW , Heymans MW, et al. Optimal use 

of anti-EGFR monoclonal antibodies for 

patients with advanced colorectal cancer: a 

meta-analysis. Cancer Metastasis Rev. 

2017;36(2): 395–406.  

[5] Boumahdi S, de Sauvage FJ. The great 

escape: tumour cell plasticity in resistance to 

targeted therapy. Nat Rev Drug Discov. 

2020;19(1): 39–56. 

[6] Jones DP, Park Y, Ziegler TR. Nutritional 

meta bolomics: progress in addressing 

complexity in diet and health. Annu Rev Nutr. 

2012;32: 183-202.  

[7] Kasdagly M, Radhakrishnan S, Reddivari L, 

et al. Colon carcinogenesis: influence of 

Western diet-induced obesity and targeting 

stem cells using dietary bioactive compounds. 

Nutrition. 2014;30(11-12): 1242-56.  

[8] Raju SK, Sekar P, Kumar S, et al. Plant 

secondary metabolites for the prevention and 

treatment of colorectal cancer: A review. J. 

Pharmacogn. Phytochem. 2022;11 (2): 229–

246. 

[9] Oszmia´nski J, Wojdylo A. Aronia 

melanocarpa phenolics and their antioxidant 

activity. Eur Food Res Technol. 2005;221: 

809–13. 

[10] Malik M, Zhao C, Schoene N, et al. 

Anthocyanin-rich extract from Aronia 

meloncarpa E induces a cell cycle block in 

colon cancer but not normal colonic cells. 

Nutr Cancer. 2003;46(2): 186-96. 

[11] Zhao C, Giusti MM, Malik M, et al. Effects of 

commercial anthocyanin-rich extracts on 

colonic cancer and nontumorigenic colonic 

cell growth. J Agric Food Chem. 2004;52(20): 

6122-8.  

[12] Lala G, Malik M, Zhao C, et al. Anthocyanin-

rich extracts inhibit multiple biomarkers of 

colon cancer in rats. Nutr Cancer 2006;54(1): 

84-93. 

[13] Bermundez-Soto MJ, Larrosa M, Garcia-

Cantalejo JM, et al. Up-regulation of tumor 

suppressor carcinoembryonic antigen-related 

cell adhesion molecule 1 in human colon 

cancer Caco-2 cells following repetitive 

exposure to dietary levels of a polyphenol-rich 

chokeberry juice. J Nutr Biochem. 

2007;18(4): 259–71. 

[14] Valcheva-Kuzmanova SV, Belcheva A. 

Current knowledge of Aronia melanocarpa as 

a medicinal plant. Folia Med (Plovdiv). 

2006;48(2): 11–7.  

[15] Khaw AK, Yong JW, Kalthur G, et al. 

Genistein induces growth arrest and 

suppresses telomerase activity in brain tumor 

cells. Genes Chromosom Cancer. 

2012;51(10): 961–74. 

[16] Low KC, Tergaonkar V. Telomerase: central 

regulator of all of the hallmarks of cancer. 

Trends Biochem Sci. 2013;38(9):426–34. 

[17] Saleh S, Lam AK, Ho YH. Real-time PCR 

quantification of human telomerase reverse 

transcriptase (hTERT) in colorectal cancer. 

Pathology. 2008;40(1): 25-30. 

[18] Lam AK, Saleh S, Smith RA, et al. 

Quantitative analysis of survivin in colorectal 

adenocarcinoma: increased expression and 

correlation with telomerase activity. Hum 

Pathol. 2008;39(8): 1229-33. 

References 



                                              Caliskan et al. / Exp Biomed Res. 2023; 6(2):88-98 

   
 

97 
 

[19] Vidaurreta M, Maestro ML, Rafael S, et al. 

Telomerase activity in colorectal cancer, 

prognostic factor and implications in the 

microsatellite instability pathway. World J 

Gastroenterol. 2007;13(28): 3868-72. 

[20] Fujiwara T, Tanaka N. Telomerase‑specific 

oncolytic virotherapy for human cancer with 

the hTERT promoter. Uirusu. 2008;58(1): 

11‑18. 

[21] Tamakawa RA, Fleisig HB, Wong JM. 

Telomerase inhibition potentiates the effects 

of genotoxic agents in breast and colorectal 

cancer cells in a cell cycle-specific manner. 

Cancer Res. 2010;70(21): 8684-94. 

[22] Samad MA, Saiman MZ, Abdul Majid N, et 

al. Berberine Inhibits Telomerase Activity and 

Induces Cell Cycle Arrest and Telomere 

Erosion in Colorectal Cancer Cell Line, HCT 

116. Molecules. 2021;26(2): 376.  

[23] Sharma R. Nutraceuticals and nutraceutical 

supplementation criteria in cancer: a literature 

survey. Open Nutraceuticals J. 2009;2: 92-

106.  

[24] Rosa LS, Silva NJA, Soares NCP, et al. 

Anticancer properties of phenolic acids in 

colon cancer– a review. J Nutr Food Sci. 

2016;6(2): 468. 

[25] Ito H, Kyo S, Kanaya T, et al. Expression of 

human telomerase subunits and correlation 

with telomerase activity in urothelial cancer. 

Clin Cancer Res. 1998;4(7): 1603-8. 

[26] Pool-Zobel BL, Bub A, Schroder N, et al. 

Anthocyanins are potent antioxidants in 

model systems but do not reduce endogenous 

oxidative DNA damage in human colon cells. 

Eur J Nutr. 1999;38(5): 227-34. 

[27] Wei J, Yu W, Hao R, et al. Anthocyanins from 

Aronia melanocarpa Induce Apoptosis in 

Caco-2 Cells through Wnt/beta-Catenin 

Signaling Pathway. Chem Biodivers. 

2020;17(11): e2000654. 

[28] Gill NK, Rios D, Osorio-Camacena E, et al. 

Anticancer Effects of Extracts from Three 

Different Chokeberry Species. Nutr Cancer. 

2021;73(7): 1168-74. 

[29] Yu W, Gao J, Hao R, et al. Aronia 

melanocarpa Elliot anthocyanins inhibit colon 

cancer by regulating glutamine metabolism. 

Food Biosci. 2021;40: 100910. 

[30] Rugina D, Sconta Z, Leopold L, et al. 

Antioxidant activities of chokeberry extracts 

and the cytotoxic action of their anthocyanin 

fraction on HeLa human cervical tumor cells. 

J Med Food. 2012;15(8): 700–6. 

[31] Gao N, Wang Y, Jiao X, et al. Preparative 

purification of polyphenols from Aronia 

melanocarpa (chokeberry) with cellular 

antioxidant and antiproliferative activity. 

Molecules. 2018;23(1): 139. 

[32] Gill NK, Rios D, Osorio-Camacena E, et al. 

Anticancer effects of extracts from three 

different chokeberry species. Nutr Cancer. 

2021;73(7): 1168–74. 

[33] Dai J, Patel JD, Mumper RJ. Characterization 

of blackberry extract and its antiproliferative 

and anti-inflammatory properties. J Med 

Food. 2007;10(2): 258–65. 

[34] Yu W, Gao J, Hao R, et al. Aronia 

melanocarpa Elliot anthocyanins inhibit colon 

cancer by regulating glutamine metabolism. 

Food Biosci. 2021;40: 100910. 

[35] Liang Z, Liang H, Guo Y, et al. Cyanidin 3-

O-galactoside: A natural compound with 

multiple health benefits. Int J Mol Sci. 

2021;22(5): 2261. 

[36] Yoshida T, Maejima K. Aronia extract for 

supporting an active life. Food Style 21. 

2014;18: 67–9. 

[37] Makanae Y, Ato S, Kido K, et al. Dietary 

Aronia melanocarpa extract enhances 

mTORC1 signaling, but has no effect on 

protein synthesis and protein breakdown-

related signaling, in response to resistance 



                                              Caliskan et al. / Exp Biomed Res. 2023; 6(2):88-98 

   
 

98 
 

exercise in rat skeletal muscle. J Int Soc Sports 

Nutr. 2019;16(1): 60. 

[38] Luan M, Wang H, Wang J, et al. Advances in 

anti-inflammatory activity, mechanism and 

therapeutic application of ursolic acid. Mini 

Rev Med Chem. 2022;22(3): 422–36. 

[39] Mioc M, Milan A, Malita D, et al. Recent 

advances regarding the molecular 

mechanisms of triterpenic acids: A review 

(part I). Int J Mol Sci. 2022;23(14): 7740. 

[40] Fuggetta MP, Lanzilli G, Tricarico M, et al. 

Effect of resveratrol on proliferation and 

telomerase activity of human colon cancer 

cells in vitro. J Exp Clin Cancer Res. 

2006;25(2): 189-93. 

[41] Demir S, Turan I, Aliyazicioglu Y, et al. 

Morus rubra extract induces cell cycle arrest 

and apoptosis in human colon cancer cells 

through endoplasmic reticulum stress and 

telomerase. Nutr Cancer. 2017;69(1):74-83. 

[42] Wang YY, Sun G, Luo H, et al. Mir-21 

modulates h tert through a stat3-dependent 

manner on glioblastoma cell growth. CNS 

Neurosci Ther. 2012;18(9): 722-8. 

[43] Xin X, Senthilkumar P, Schnoor JL, et al. 

Effects of pcb126 and pcb153 on telomerase 

activity and telomere length in 

undifferentiated and differentiated hl-60 cells. 

Environ Sci Pollut Res. 2016;23(3): 2173-85. 

 


