
 

 

 
Abstract—Colorectal cancer (CRC) is one of the most prevalent 

cancers and intestinal microbial community plays an important role 
in colorectal tumorigenesis. Probiotics have recently been assessed as 
effective anti-proliferative agents and thus this study was performed 
to examine whether CRC undergo apoptosis by treating with isolated 
Iranian native dairy yeast, Kluyveromyces marxianus YAS, secretion 
metabolites. The cytotoxicity assessments on cells (HT-29, Caco-2) 
were accomplished through 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay as well as qualitative 
DAPI (4',6-diamidino-2-phenylindole staining) and quantitative (flow 
cytometry assessments) evaluations of apoptosis. To evaluate the 
main mechanism of apoptosis, Real time PCR method was applied. 
Kluyveromyces marxianus YAS secretions (IC50) showed significant 
cytotoxicity against HT-29 and Caco-2 cancer cell lines (66.57 % and 
66.34 % apoptosis) similar to 5-Fluorouracil (5-FU) while apoptosis 
only was developed in 27.57 % of KDR normal cells. The 
prophylactic effects of Kluyveromyces marxianus (PTCC 5195), as a 
reference yeast, was not similar to Kluyveromyces marxianus YAS 
indicating strain dependency of bioactivities on CRC disease 
prevention. Based on real time PCR results, the main cytotoxicity is 
related to apoptosis phenomenon and the core related mechanism is 
depended on the overexpression of BAX, CASP 9, CASP 8 and 
CASP 3 inducing apoptosis genes. However, several investigations 
should be conducted to precisely determine the effective compounds 
to be used as anticancer therapeutics in the future. 
 

Keywords—Anticancer, anti-proliferative, apoptosis, cytotoxicity, 
yeast. 

I. INTRODUCTION 

ANCER, one of the most prevalent non communicable 
diseases, is a serious health related problem worldwide 
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and its incidence shows a growing trend [1], [2]. Among the 
other types of cancer, CRC is the most common malignancy of 
the gastrointestinal tract and the third most frequent cancer 
where more than 1 million people are globally diagnosed with 
CRC each year leading to about 0.5 million deaths [3], [4]. 
Approximately 70% of CRCs begin with unknown etiology 
[5]. The large and complex microbial community hosted by 
the large intestine and known as “gut microbiota” plays 
evidently an important role in the physiology of the host and 
also colorectal tumorigenesis [6], [7]. The human intestinal 
microbiota contains about 1014 organisms, and their collective 
genome is approximately 150 times more than the human 
genome [8]. The intestinal microbiota can influence the 
cellular proliferation, differentiation and expression of genes 
in intestine epithelial cells [5], [7]. Regarding to the 
involvement of the endogenous microflora in the onset and 
development of CRC, all changing in the intestinal microflora 
may be able to affect tumor development/suppression. 
Therefore, much attention has recently been focused on the 
strategies that can influence the gut microflora particularly in 
the direction of increasing the probiotic counts via direct 
administration or using prebiotics [9]. Probiotics are live 
microorganisms when administered in adequate amounts 
confer a health benefit on the host [10]. The most common 
types of yeasts, has been used as probiotics and some of them 
shows cancer preventing properties. Different studies proved 
that gut microflora is involved in the etiology of cancer [11]. 
The quantitative and qualitative alterations along the length of 
the GI tract is reflected in xenobiotic biotransformation, 
carcinogen synthesis and activation [12]. According to 
investigations probiotics are able to modify the gastrointestinal 
enzymes activity and inhibit carcinogenic factors and pre-
cancerous lesions [13]. In this regard, the modification of the 
microbiota due to dietary amendment may change the process 
of carcinogenesis. Thus, different probiotics has attracted 
much attention toward the improvement of intestinal flora. 

Although, the lactic acid producing bacteria are the famous 
probiotic microorganisms in human microbiota, but some 
benign yeast strains that exist in dairy products are classified 
as probiotics. Among the multiple yeast families, 
Saccharomyces cerevisiae, Saccharomyces boulardii and 
some strains of Candida, Pichia, and Kluyveromyces are well 
known probiotics that possesses beneficial effects on health 
[11]. Numerous investigations have revealed the ability of 
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yeasts to induce apoptosis in some cancerous cell lines such 
as, breast, tongue and colon [14]-[17]. Moreover, 
Saccharomyces boulardii downregulated extracellular signal-
regulated kinase (Erk) 1/2 and mitogen activated protein 
kinase (MAPK) pathway in vitro and in vivo [18], [19]. ERKs 
are associated with cell proliferation, transformation, and 
metastasis development [20], whereas the Akt pathway 
regulates cell survival processes [21]. Different studies 
showed that activation of EGFR signaling pathway can 
stimulate proliferation, angiogenesis and metastasis, while 
suppresses apoptosis [22]-[25]. However, the suppression of 
these pathways via downregulation of regulator genes or by 
interruption of proliferation mechanism in malignant cells 
resulted in apoptosis. Usually, apoptosis can be triggered by 
development and aging and act as a homeostatic mechanism to 
keep cell populations in tissues. But, different physiological 
and pathological situations such as; disease, exposure to 
irradiation, chemical and physical harmful agents [26], 
oxidative stress [27], the removal of growth factors [28] and 
chemotherapy resulted in apoptosis through intrinsic or 
extrinsic pathways [29]. However, the induction of apoptosis 
is the main pathway of various anticancer drugs [30]. 
Experimental studies showed that the common anticancer 
drugs besides inducing of apoptosis in malignant cells possess 
indiscriminative killing in normal cells [31]. By considering 
these side effects, investigators are trying to find new 
compounds that induce apoptosis in cancerous cells without or 
with negligible side effects on normal cells. Yeasts ease 
apoptosis process through upregulation of pro-apoptotic 
protein, Bax, as well as downregulation of anti-apoptotic 
protein Bcl-2 in the MDA-MB-231 cells [32]. These 
imbalances toward expression of Bax protein may be 
responsible for the yeast-induced apoptosis. In this regard, 
induction of apoptosis by safe and natural compounds may be 
expedient approach in order to destroying tumor cells [33]. 
Previous investigations verified beneficial effects of common 
probiotic yeasts on different cancers, but the most of 
researchers have been focused on β-glucan (polysaccharide 
derived from the intermediate layer of the cell wall of yeasts) 
or live and killed yeasts [34]-[36]. However, other important 
yeasts with probiotic properties and their secretory 
compound(s) may be more effective than common yeasts and 
should not be ignored. In the present study, to determine 
which pathway possesses the effective functionality in 
apoptosis related signaling, we investigated the intrinsic and 
extrinsic apoptosis pathway crucial genes such as BAX 
(crucial gene in extrinsic IL-3 mediated apoptosis pathway), 
CASP 3 (main executioner as it can be activated through both 
extrinsic and intrinsic signaling pathway), CASP 9 (starter 
gene in intrinsic apoptosis pathway), and CASP 8 (starter gene 
in TNF-α apoptosis pathway). Therefore, this study aimed to 
assess the anti-proliferative effect of Kluyveromyces 
marxianus YAS on human colon cancer cell carcinoma by 
focusing on the apoptotic cellular/molecular mechanisms. 

II. MATERIALS AND METHODS  

A.  Sampling, Isolation and Identification of Yeast  

Ten grams of the traditional yogurt in east Azerbaijan, 
northwest state in Iran sample was suspended in 2% (w/v) 
sodium citrate solution (Sigma, St. Louis, MO, USA), and 
gently homogenized in stomacher (Seward Laboratory 
Systems Inc., USA) for 5 min. Then, 1 ml of the homogenized 
sample was added to 14 ml of yeast malt broth (YMB) 
(Sigma, St. Louis, MO, USA) and were incubated at 37ºC for 
overnight. After incubating time, yeast colony was isolated on 
yeast malt agar (YMA) (Sigma, St. Louis, MO, USA) using 
streak plated method at similar previous condition [37]. The 
isolated yeast cells were grown over nightly in 25 ml of YMB 
medium at 37ºC in aerobic condition. Two ml of overnight 
culture was transferred into the sterile Eppendorf micro tube 
and was centrifuged at 3500 rpm for 15 min at 4ºC then the 
supernatant was removed. The achieved cell pellet was 
subjected to 500 µl of Harju-Buffer (2% Triton X-100, 1% 
SDS, 100 mM NaCl, 10 mM Tris-HCl, and 1 mM EDTA, pH 
8.0) for lysing cells. The cell lysate was used to isolate the 
genomic DNA according to Harju S et al method [38]. The 
PCR amplification was conducted in a thermal cycler PTC 200 
(MJC research, Waltham, USA). The amplification sets of 
primers forward: 5/-CGATGCGAGAGCCAAGAGAT -3/ and 
reverse: 5/-GTCGTGCTGGGGATAGAGCATT -3/ were 
used for amplifying the ribosomal DNA fragments including; 
the internal transcribed spacer 1 (ITS 1), 5.8S rDNA, and 
internal transcribed spacer 2 (ITS 2). PCR amplification was 
performed under the following conditions: denaturation at 
95°C for 5 min, followed by 35 cycles of denaturation at 94°C 
for 1 min, annealing at 59°C for 40 sec, extension at 72°C for 
1 min, and a final extension step at 72°C for 10 min. The PCR 
products were checked and visualized via 1% agarose gel 
electrophoresis and staining with ethidium bromide, 
respectively. Subsequently, the gel monitoring apparatus 
(Biometra, Gottingen, Germany) was used to evaluate the 
quality of the products [39]. The gel recovered PCR products 
were sequenced at Sinaclone Corporation, Tehran, Iran.  

The sequences were then analyzed using the BLAST 
program of the National Center for Biotechnology Information 
[40]. 

B.  Cell Free Supernatant Preparation  

The isolated and identified yeast and Kluyveromyces 
marxianus PTCC 5195 as reference yeast were over nightly 
cultured into 50 ml culture tube in yeast malt broth medium 
(Sigma, St. Louis, MO, USA) at aerobic condition, 37ºC. To 
prepare cell free supernatant, the declared yeast culture was 
centrifuged at 4500 rpm for 10 min at 4ºC and supernatant’s 
pH was adjusted to 7.2 before sterling with 0.22 µm 
membrane filter (Millipore, Eschborn, Germany). The sterile 
supernatant was used for the treatment of human colon cancer 
cells (HT-29, Caco-2) and human normal epithelial (KDR) 
cell lines.  

C. Cell Culture  

The human colon cancer cell lines caco-2 and HT-29 and 
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the human epithelial normal cell line KDR were purchased 
from Pasteur Institute, National Cell Bank of Iran. The Cells 
were cultured in 25 cm2 culture T-flasks and were incubated 
under standard conditions at 37˚C in a humidified atmosphere 
containing 5% CO2 with medium renewing every 3 days. The 
caco-2 and KDR cells were grown in a high glucose 
concentration (4.5 g/l) Dulbecco's Modified Eagle's Medium 
(DMEM, Gibco, Grand Island, NY, USA) supplemented with 
10 % fetal bovine serum, 8 mM L-glutamine, 1% of mixture 
penicillin (100 IU/ml) and streptomycin (100 μg/ml). The 
culture media for HT-29 cells was Roswell Park Memorial 
Institute medium (RPMI 1640, Sigma, Poole, United 
Kingdom) supplemented similar to above-mentioned DMEM 
medium. 

D. MTT Assay  

The HT-29, Caco-2 and KDR cell lines with cell seeding 
density 1.2 × 104 (cell/ well) were seeded in 96 well 
microplate and were overnight incubated similar to growth 
condition then were subjected to treatment with sterile yeast’s 
cell free supernatant. The IC50 of supernatant were 
determined using MTT [3-(4, 5-dimethylthiazole-2-yl)-2, 5-
diphenyl tetrazolium bromide] (Sigma, St. Louis, MO, USA) 
assay and the based on finding, the determined amount of 
supernatant (60 µl) and 5- fluorouracil (5-FU) (7 µg/µl) as 
positive control were used for treatment of all normal KDR 
and cancerous HT-29, Caco-2 cell lines. All untreated controls 
and treated groups with IC50 of supernatant were incubated 
for 24 h similar to the growth condition. After incubation time, 
the medium of each well was carefully removed and was 
replaced with fresh medium containing 50 µl of MTT solution 
(2 mg/ml in phosphate buffer saline 0.01 M, pH 7.2) and the 
microplates were incubated again for 4 h at 37oC. The MTT 
containing medium of each well was replaced with 200 µl of 
dimethyl sulfoxide (DMSO) plus 25 µl of Sorenson’s glycine 
buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5) and continued 
incubation for 15 min at room temperature. The microplate 
absorbance was measured by employing a microplate reader 
(Biotek, ELx 800, USA) at 570 nm. 

E.  DAPI Staining 

To detect apoptotic cells, sterile cover slip slides were 
placed into each well of a six-well culture plate. Then, 3 mL 
of HT-29, Caco-2 and KDR cells (1.2×104 cells/ml) were 
added to each well and then incubated at growth condition. 
After reaching 50% confluence, untreated control and treated 
with 900 µl of the yeast’s sterile supernatant and 5-
Fluorouracil (7 µg/µl) as positive control groups were 
incubated for 24 h similar to growth condition. The treated 
cells, 24 h after seeding, were washed with pre-warmed tissue 
culture media and were carefully replaced with freshly 
prepared fixative solution (pre-warmed RPMI containing 4% 
formaldehyde). For cell fixation, the plates were incubated for 
5 min at 37°C, the fixed cells were washed twice with PBS, 
and then permeabilized with PBS containing 0.1% Triton X-
100 for 5 min at 37°C. The permeabilized cells were then 
stained with 100 µl per well of DAPI (4',6-diamidino-2-

phenylindole) (250 ng/ml for each well) for 3 min of 
incubation at room temperature. Finally, the slides were 
washed with PBS and then assessed by using fluorescent 
microscopy (Olympus BX64, Olympus, Japan) equipped with 
a U-MWU2 fluorescence filter (excitation filter BP 330e385, 
dichromatic mirror DM 400, and emission filter LP 420). 

F.  Flow Cytometry 

The fraction of apoptotic cells was quantitatively measured 
via flow cytometry using the Annexin V-FITC apoptosis 
detection kit (eBioscience, San Diego, CA). HT-29, Caco-2 
and KDR cell lines (1.2×105 cells/well) were seeded into a six-
well culture plate and the treatment of cells were similar to 
DAPI staining. After treatment time point, the treated/ 
untreated control cells were detached by trypsin, the 
supernatant was discarded after centrifugation at 1100 rpm for 
7 min at 28°C, and the cell pellet was resuspended in 500 µl of 
1X binding buffer and transferred into a new 5 ml tube. The 
tubes were centrifuged again and the supernatants were 
replaced with 100 µl binding buffer (1X). Afterward, the tubes 
were added with 5 µl of FITC-conjugated Annexin V then 
were incubated for 15 min at room temperature under dark 
conditions. The incubated cells were centrifuged and the cell 
plates were resuspended in 500 µl of binding buffer (1X). 
Finally, 5 µl of propidium iodide solution was added to the 
cells, and quadrant settings were fixed with untreated, single-
stained controls and copied to dot plots of the treated cells. 
Quadrant statistic calculations were performed using CELL 
Quest Pro software (BD Biosciences, San Jose, CA, USA). 
The experiment was repeated two times with triplicate 
samples for each experiment. Analyses were accomplished 
using 10000 cells at a rate of 450 cells/s. FL-1 and FL-2 were 
represented in dot plots illustrating the viable, apoptotic, and 
necrotic cells. 

G. Real-time PCR Amplification 

For RNA analysis, 24 h post treatment or untreated control 
monolayer cells were lysed using TRI Reagent® (2 ml per 25 
cm2 T-flask) (Sigma Chemical Co., Poole, United Kingdom) 
according to manufacture guidelines and the cell lysates were 
transferred to RNAse/DNAse-free microtubes. Chloroform 
(0.2 ml per each ml of TRI Reagent™ used for lysing) was 
added to each sample tube, and the mixture was gently 
vortexed. After 5 min at room temperature, the samples were 
centrifuged at 12000 × g, 4°C for 10 min and the colorless 
upper aqueous phase was carefully separated and mixed with 
ice-cold iso-propanolol (0.5 ml per each ml of TRI Reagent® 
used initially) then was centrifuged at 12000 × g, 4°C for 10 
min, yielding total RNA pellet that was washed thrice with 
75% ethanol. The samples were again centrifuged at 7500 × g 
for 8 min and the washed RNA plates were air dried then were 
dissolved in diethyl pyrocarbonate (DEPC) treated water and 
were tested qualitatively and quantitatively prior to its use for 
RT-PCR experiments. 

The isolated RNA was reverse transcribed to cDNA using 
MMLV reverse transcriptase (Bethesda Research 
Laboratories, Gaithersburg, MD). For RT reaction, 1 μl RNA 
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(1 μg/μl) was mixed with master mix [DEPC treated water 13 
μl, dNTP’s (10 μM) 2 μl, MMLV buffer with DTT 2 μl, 
random hexamer primer (pdN6; 400 ng/μl) 0.5 μl], and 
denatured at 95°C subsequently was cooled down to 4°C for 5 
min. Then 1 μl MMLV (200 U/μl) and 0.5 μl RNas in (40 
U/μl) were added to each sample and the mixture was 
incubated using following thermos cycling program: 10 min at 
25°C, 42 min at 42°C, and 5 min at 95°C. The prepared cDNA 
templates were used for real time PCR experiments. Primers 
were designed from published Gene Bank sequences using 
Beacon Designer 5.01 [41] and listed in Table I. All 

amplification reactions were performed in a total volume of 20 
μl using ABI-step I plus (Applied Biosystems, Forster City, 
CA, USA) instrument using thermal cycling condition as 
follows: 95oC for 5 min followed by 95oC for 20 sec, 60oC for 
35 sec, and at 72oC for 10 sec. Interpretation of the result was 
performed using the Pfaffle method and the threshold cycle 
(Ct) values were normalized to the expression rate of GAPDH 
as a housekeeping gene [42]. All reactions were performed in 
triplicate and negative controls were included in each 
experiment. 

 
TABLE I 

PRIMERS SEQUENCES FOR RT-PCR AMPLIFICATION 

Gene name and symbol Sequence (5'  3') 
Amplicon size  

(bp) 
TM 

F R 

GAPDH 
F:5’-AAGCTCATTTCCTGGTATGACAACG-3’

R:5’-TCTTCCTCTTGTGCTCTTGCTGG-3’ 
126 60.3 61.1 

BAX 
F: 5’-CCCGAGAGGTCTTTTTCCGAG-3’ 
R: 5’- CCAGCCCATGATGGTTCTGAT-3’ 

155 62.1 61.9 

CASPASE- 3 
F:5´-TGCCTGTAACTTGAGAGTAGATGG-3´ 
R:5´-CTTCACTTTCTTACTTGGCGATGG-3´ 

172 58.7 58.0 

CASPASE- 8 
F: 5’-GACAGAGCTTCTTCGAGACAC-3’ 
R: 5’-GCTCGGGCATACAGGCAAAT-3’ 

116 60.1 63 

CASPASE- 9 
F: 5’-CTCAGACCAGAGATTCGCAAAC-3’ 
R: 5’-GCATTTCCCCTCAAACTCTCAA-3’ 

116 60.9 60.5 

 
H. Statistical Analysis 

The statistical analysis was performed by SPSS software 
version 16.0 (SPSS Inc., Chicago, IL, USA). The normal 
distribution of data was tested by Kolmogorov-Smirnov test. 
ANOVA and Tukey's post hoc test were used for analyzing 
data and multiple mean comparisons, respectively. Statistical 
significance was considered as a value of P ≤ 0.05 and 
quantitative data were reported as mean ± SD. 

III. RESULTS 

A. Molecular Identification  

Based on ITS1- 5.8s- ITS2 region identification results by 
blasting and considering the threshold values of taxonomical 
studies (97%) [43], the isolated yeast was identified to 
Kluyveromyces marxianus YAS strain with 99% to 100% 
homology. 

B. Toxicity Assay 

MTT assay was performed to determine the cytotoxicity 
effects of the metabolites secreted by Kluyveromyces 
marxianus YAS on human colon cancer cell lines (HT-29, 
Caco-2) and human epithelial normal cell line KDR. The 
cytotoxicity potential of the metabolites produced by 
Kluyveromyces marxianus YAS and reference yeast on 
malignant cells was determined (Fig. 1). The anti-proliferative 
effect of the metabolites (60 μl/ml) on colon cancer cells 
significantly differed from that of the un-treated and reference 

strain-treated groups. The effect of the metabolites on KDR 
normal cells was also examined (Fig. 1). Kluyveromyces 
marxianus YAS secretions exhibited no toxic effect on normal 
cells; more than 81% of the cells grew well. These results 
indicated that Kluyveromyces marxianus YAS is a potential 
candidate for cancer treatment. 

C. Morphological Change Observations 

To observe any nuclear morphological changes induced by 
yeasts’ cell free-supernatants, all treated/untreated control HT-
29 and Caco-2/KDR cell groups were stained with DAPI and 
analyzed through fluorescent microscopy to analyze the effect 
of Kluyveromyces marxianus YAS secretions on cells 
viability. The intact viable cells displayed completely healthy 
nuclei (Fig. 2); by contrast, the apoptotic cells were 
characterized by shrunk cells with condensed (early apoptosis) 
or fragmented (late apoptosis) nuclei. Other morphological 
and apoptotic changes, such as membrane blebbing and 
apoptotic body formation, were observed in the treated cancer 
cells but not in normal cells. Based on these findings, 
apoptosis can be considered as the main cytotoxic mechanism 
of yeast metabolites (Fig. 2). Therefore, the metabolites 
produced by Kluyveromyces marxianus YAS strain may be 
used as an alternative nutraceutical with promising therapeutic 
index because these metabolites are non-cytotoxic to normal 
mammalian cells. 
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Fig. 1 Effect of Kluyveromyces marxianus YAS secretion metabolites on the viability of HT-29 and Caco-2 cancer cells and KDR normal 
cell by 60 µl for 24 hour incubation. Data are expressed as mean viability ± S.D (error bars). Asterisks denote statistically significant 

differences (**p≤0.01, *p≤0.05). Untreated cells were used as negative control and 5- fluorouracil was used as positive control. Yeast malt 
broth as yeast culture medium was used to determine its effect on cell viability 

 
D. Flow Cytometry 

Compared with the control cells that exhibited natural cell 
death (Fig. 3), the HT-29 and Caco-2 cells treated with 60 
μl/ml of filtered Kluyveromyces marxianus YAS demonstrated 
significant amounts of Annexin V+/PI− (early apoptotic cells) 
and Annexin V+/PI+ cells (late apoptotic cells) after 
incubating for 24 h (Fig. 3). In the treated HT-29 cells, 62.3%, 
4.27% and Caco-2 cells 61.2%, 5.14% as well as in KDR 
normal cells 23.6% and 3.97% were in early apoptosis and late 
apoptosis respectively. Based on the flow cytometry findings, 
Kluyveromyces marxianus YAS can inhibit the proliferation of 
cancer cells similar to 5-FU as common approved anticancer 
drug. In addition, the metabolites produced by Kluyveromyces 
marxianus YAS strain may be used as an alternative 
nutraceutical/pharmaceutical with promising therapeutic 
activity because these metabolites are low-cytotoxic to normal 
mammalian cells. 

E. The Expression Levels of Genes 

Fig. 4 demonstrates the expression level of BAX, CASP 3, 
CASP 8 and CASP 9 genes in colon cancer and normal cell 
lines after treatment with the supernatant of Kluyveromyces 
marxianus YAS isolated from traditional fermented dairy 
products and 5-FU (as positive control), compared to untreated 
control groups.  

The expression of CASP 8 (starter gene in TNF-α apoptosis 
pathway) CASP 3 (the chief executioner of programmed cell 
death in extrinsic and intrinsic signaling pathway), CASP 9 
(starter gene in intrinsic apoptosis pathway) and BAX (crucial 
gene in extrinsic IL-3 mediated apoptosis pathway) genes 
upregulated significantly in all treatments in colon cancer 
cells. The cancerous cells treated with 5-FU and 
Kluyveromyces marxianus YAS showed significant increasing 
of intended gene expression in HT-29 and Caco-2 cells 

compared to untreated control group (Fig. 4). The 
upregulation in the mentioned genes by Kluyveromyces 
marxianus YAS in all treated groups was similar to anticancer 
drug, 5-FU, indicating same inducing pathways of apoptosis.   

IV. DISCUSSION 

There is an overall opinion that microbes are harmful. This 
idea comes from the morbidity and mortality due to 
pathogenic bacteria, yeast, and viruses. Nonetheless, a lot of 
evidences currently indicate that the certain microbes, called 
probiotics, can contribute to human health [44]. Thus, there is 
a great interest in finding probiotics and especially yeast 
strains with probiotic potential [45]. Considering that, 
sometimes a certain strain of probiotics creates different 
response in special disease treatment at different population, 
designing of population-specific probiotics with respect to the 
native microbiomes may finally help in standardizing 
utilization of certain probiotic strains in alleviation of certain 
diseases in each population [46]. Traditional dairy products 
like cheese and yogurt are good sources for the genus of yeast 
as probiotics according to native flora [47], [48]. 

Some of the yeast probiotic strains have been reported to 
influence malignancies [32], [49]. However, a lot of studies 
showed that probiotic yeasts may prevent the cancer initiation 
or its development thorough antitoxin effects against different 
toxins, antimicrobial activity, production of biological 
substances like short chain fatty acids (SCFA), trophic effects 
on enterocytes, inactivation of carcinogenic compounds and 
improvement of intestinal barrier function [50]-[52]. Besides, 
other mechanisms are involved in the cancer prevention 
including the enhancement of the host’s immune response, 
binding and degrading potential carcinogens, alterations in the 
intestinal microflora incriminated in producing putative 
carcinogens (e.g., bile acid-degrading bacteria), producing 
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antitumorogenic or anti-mutagenic compounds, improvement 
in the metabolic activities of intestinal microflora, alteration of 
physicochemical conditions in the colon, effects on 
physiology of the host, anti-oxidant function, and finally 
stimulating the apoptosis and anti-proliferative effects [53]. 
These beneficial effects suggest the use of some probiotic 
yeast strains as adjuvants in cancer treatment [51], [54], [55]. 
However, Saccharomyces boulardii makes its anticancer 
effects by different potential mechanisms including the 
neutralization of bacterial virulence factors [56], interference 
with bacterial adhesion [57], strengthening of enterocyte tight 
junctions [58], enhancement of the mucosal immune response 
[59], alteration in immune cell redistribution [60], and 
modulation of cell proliferation signaling pathways of the host 
[49]. Additionally, intratumorally (IT) injection of killed S. 
cerevisiae causes the tumor degeneration, apoptosis, and 
ischemic (coagulative) and liquefactive necrosis in Swiss 
albino mice possessing Ehrlich Ascites Carcinoma (EAC) 
cells. Despite the fact that numerous studies have been done in 
this field, the exact mechanisms of probiotic yeasts in cancer 
are still unknown. Based on numerous research results, the 
probiotic yeasts can be beneficial in cancer therapy by 
inducing apoptosis pathways in cancerous cells and 
modulating the host’s immune system. Thus, some of the yeast 
strains, as safe probiotic, could be candidates for therapeutic 
implications. 

In this study, the effect of secretion metabolites which were 
produced by Kluyveromyces marxianus YAS had been 
investigated by molecular and cellular methods. The effect of 
different concentrations of yeast secreted metabolites on the 
colon cancer cell lines (HT-29, Caco-2) was evaluated using 
MTT assay to study the anti-proliferative effects. 60 μl of cell 
free supernatant was selected as the IC50 concentration of 
Kluyveromyces marxianus YAS on colon cancer cell lines (the 
effective dose resulted from prescreening MTT tests). 
Studying the effects of metabolites on the normal and cancer 
cell lines using DAPI staining revealed that Kluyveromyces 
marxianus YAS secretory metabolites had noxious effect on 
colon cancer cell lines which is seen as cellular shrinking and 
condensation of cell nuclear whereas there was not significant 
difference in the apoptosis between the normal (KDR) and 
control cell lines (Fig. 2). However, isolated yeast secreted 
metabolites induced the apoptotic pathways more specifically 
in cancer cells rather than normal cells. The inhibition of cell 
growth by the metabolites of Kluyveromyces marxianus YAS 
from the DAPI staining test was evaluated using flow 
cytometry as a quantitative method.  

Dot plot analysis of flow cytometry which were obtained 
from the treated and control groups including healthy (KDR) 
and cancer (HT-29, Caco-2) cell lines showed that yeast 
secretory metabolites of Kluyveromyces marxianus YAS lead 
to develop the apoptosis in HT-29 (66.57 %) and Caco-2 
(66.34%) while apoptosis only develops in 27.57% of normal 
KDR cells. These finding suggested that apoptosis is induced 
in colon cancer cells more than normal cells by the yeast 
secretory metabolites. Additionally, the negligible incidence 
of necrosis by Kluyveromyces marxianus YAS showed the 

lower necrotic cytotoxicity in colon cancer and KDR cells. 
These findings proved the MTT assay results which suggested 
that Kluyveromyces marxianus YAS secretion metabolites 
have anti proliferative effects on CRC cells especially via 
apoptosis inducing mechanisms. The over expression of BAX, 
CASP 3, CASP 8 and CASP 9 genes in colon cancer treated 
cells with Kluyveromyces marxianus YAS secretions (Fig. 4) 
is an important mediator of the cell growth inhibition, 
lowering the cell survivability and increasing apoptosis. The 
release of cytochrome c from the mitochondria together with 
the adaptor APAF1, forming an “apoptosome”, activates the 
initiator intrinsic apoptosis gene (CASP 9) which is 
responsible for destroying the cell critical components 
resulting in apoptosis [61]. We also examined the expression 
of caspase-3, the chief executioner of programmed cell death. 
It is proved that caspase-8 and -3 are direct activators of 
apoptosis. Rogalska et al showed a strong correlation between 
the activity of caspase-8 and -3 and a direct relationship 
between the activity of caspase-8 and -3 in A 549 and MCF-7 
cells treated with aclarubicin (ACL) [62]. In this study we 
have also noticed upregulation of caspase-3 and -8 at the same 
time. There are different mechanisms that tumor cells used to 
suppress apoptosis. Tumor cells can resist to apoptosis by the 
expression of antiapoptotic proteins such as Bcl-2 or by the 
downregulation or mutation of pro-apoptotic proteins such as 
BAX [33]. Bcl-2 family are localized in the mitochondria and 
have either pro-apoptotic (Bax, Bak, Bid, and Bim) or anti-
apoptotic (Bcl-2, Bcl-xL, and Bcl-W) functions [63]-[65]. 
These proteins form either homodimers (such as Bcl-2/Bcl-2) 
or heterodimers (e.g., Bcl-2/Bax) depending on the levels 
present of each component. Excess level of homodimers can 
either inhibit (e.g., Bcl-2/Bcl-2) or induce (e.g., Bax/Bax) 
apoptosis [66]. In this study, upregulation of Bax gene via 
Kluyveromyces marxianus YAS secretions facilitate apoptosis 
phenomena through intrinsic pathway. Evidence in human 
studies has shown that the consumption of fermented milk, 
yogurt or other dairy products is causally related to prevention 
of cancer development [67]. Mechanisms of this 
microorganisms (yeast or probiotic bacteria) involve 
increasing a production of inflammatory cytokines in the host, 
changing enzyme activities, reducing the mutagenicity by 
inhibition the uptake of potential carcinogens or production of 
anti-proliferative and anti-tumorgenic compounds [68]. 
Similarly, Mee et al. showed that Chinese red yeast releases 
microbial products including lovastatin (LV) that decreased 
cellular proliferation and induced apoptosis in HCT-116 and 
HT-29 human colon cancer cells [69]. By considering these 
results, Kluyveromyces marxianus YAS may possibly produce 
compounds that can inhibit the cancerous cell growth like 
CRC which proved by MTT assay, DAPI staining, flow 
cytometry, and real-time PCR results. Moreover, based on this 
findings, Kluyveromyces marxianus YAS secretions induce 
apoptosis in KDR human epithelial normal cells significantly 
lower than HT-29 and Caco-2 cancerous cells indicating the 
relative safety of mentioned metabolites for future individual 
consumptions as nutriceutical/pharmaceutical ingredients as a 
chemo preventive therapy. 
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V. CONCLUSION 

The anticancer activity through the induction of apoptosis 
of cancer cells seems to be a promising approach for using 
some probiotic strains as a support therapy or disease 
prevention. There is a great interest in finding yeast strains 
with probiotic potential. The identified Kluyveromyces 
marxianus YAS isolated from yogurt was used to evaluate its 
prophylactic effects on HT-29 and Caco-2 human colon 
cancer cell lines. The cytotoxic findings showed that 

Kluyveromyces marxianus YAS secretions exhibited 
acceptable anticancer activity on colon cancer cell lines. In 
addition, Kluyveromyces marxianus YAS secretions showed 
similar anticancer activity of 5-flourouracil on the colon 
cancer cells. Also, Kluyveromyces marxianus YAS secretions 
have not significant cytotoxic effects on the KDR epithelial 
normal cell line. In conclusion, the physicochemical, 
structural, and functional properties of effective anticancer 
substances (probably exopolysaccharides) for use as 
anticancer therapeutics should be investigated thoroughly. 

 

 

Fig. 2 DAPI staining of treated/untreated HT-29, Caco-2 and KDR cells. Panels (A, B, and C) represent untreated, treated with cell free 
supernatant (60 µl/ml), and treated with 5- fluorouracil (IC50) at HT-29 cells and panels (D, E, and F) represent untreated, treated with cell free 
supernatant (60 µl/ml), and treated with 5- fluorouracil (IC50) at Caco-2 cells and panels (G, H, and I) represent untreated, treated with cell free 

supernatant (60 µl/ml), and treated with 5- fluorouracil (IC50) at KDR cells respectively for 24 h incubation 
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Fig. 3 Flow cytometric analysis of treated/untreated HT-29, Caco-2 and KDR cells. Panels (A, B, and C) represent untreated, treated with cell 
free supernatant (60 µl/ml), and treated with 5- fluorouracil (IC50) at HT-29 cells, panels (D, E, and F) represent untreated, treated with cell 

free supernatant (60 µl/ml), and treated with 5- fluorouracil (IC50) at Caco-2 cells and panels (G, H, and I) represent untreated, treated with cell 
free supernatant (60 µl/ml), and treated with 5- fluorouracil (IC50) at KDR cells respectively for 24 h incubation.  Dots with Annexin V−/PI+ 
(Q1), Annexin V+/PI+ (Q2), Annexin V+/PI− (Q3), and Annexin V−/PI− (Q4) and feature represent necrotic, late apoptotic, early apoptotic, 

and viable intact cells respectively 
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Fig. 4 Apoptosis related gene expression ratio in treated (60 µl Kluyveromyces marxianus YAS secretion metabolites) and untreated control 
HT-29, Caco-2 and KDR cells for 24 h
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