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Abstract

Background and Objective: Two Indonesian lactic acid bacteria of L. plantarum | I1A-1A5 and L. acidophilus |IA-2B4 were previously
isolated from beef with some functional probiotic properties. Nevertheless, the possibility of these strains to have anticancer activity
remains unknown. Current study aimed to evaluate the inhibitory properties of intra-and extracellular protein extracts of these two strains
against cervical cancer Hel a cells. Materials and Methods: The intracellular and extracellular proteins extract from L. plantarum I|A-1A5
and L. acidophilus 11A-2B4 were collected and designated as IP-LP, IP-LA, EP-LP and EP-LA, respectively. The effect of these extracts on
the viability and morphology of HeLa cells were observed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay and confocal microscopy, respectively. Results: Both IP-LP and IP-LA inhibited Hela cells in a concentration-dependent manner,
with 1Cg, values of 352.62 and 120.97 ug mL™", respectively. Meanwhile, the inhibition activity was also observed for EP-LP and EP-LA,
albeitvery low. The inhibition effect was also confirmed by morphological analysis under confocal electron microscopy which showed
the changesinthe cell shapes and numbers. Conclusion: Altogether, for the first time this study proposed that the probioticisolated from
Indonesian beef are promising to inhibit cancer cell lines.
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INTRODUCTION

Cancer or a malignant tumor is one of the deadliest
diseases in the world. In 2040, 28.4 million cancer cases are
expected to be reported. This number is 47% higher than the
cases in 2020 in which the transitioning countries have
higher increment cases (64-95%) than transitioned countries
(32-56%)'. One of the cancers which cause deaths
worldwide is cervix cancer (cervical)?3. The latest global cancer
survey showed that cervical cancer is the second-highest
incidence and mortality rates among women with an age-
standardized incidence and mortality rate of 13.1and 6.9
per 100,000, respectively. Arbyn et a/* reported that cervical
cancer was the fourth most common cancer in women,
ranking after breast cancer, colorectal cancer and lung
cancer. Earlier, at least 500.000 women suffering from
cervical cancer worldwide each year, which mostly happened
in developing countries leading cause of mortality of
250.000 women?3,

Cervical cancer is associated with viral infection®. The
most important cause of cervical cancer is persistent cervical
infection with human papillomavirus (HPV)®. Healing the
disease is usually performed with surgery, radiotherapy and
chemotherapy’. Treatment with radiation has side effects® and
may even increase the risk of other cancers®. Chemotherapy
uses drugs to eliminate cancer cells. Doxorubicin, is one of the
drugs that majorly uses chemotherapeutic, doxorubicin did
not have upon ability in targeting cancer cells, this ability
leading to poor distribution and therapeutic effects as well as
serious undesirable side effects'® Chemotherapy can inhibit
the growth of cancer cells but also can harm normal cells®.
Recently, many studies have focused on anti-cancer and
antioxidative properties as protective adjuncts against a host
of diseases’ 2. The discovery and identification of new
antitumor drugs with a low side effect on the immune system
has become an essential goal in many studies of
immunopharmacology''*. These weaknesses lead to a new
breakthrough cancer treatment with high effectiveness and
minimal side effects.

One of the efforts of cancer treatment that can be
performed s using Lactic Acid Bacteria (LAB)-based probiotics
as it may produce some anticancer compounds inhibiting the
cancer cell lines. Probiotic defined as additional nutrient
consisted of living microorganism that can be considered
functional food. The probiotic benefits are gained when it was
consumed by human or animal in sufficient amount and
viable in the intestine tract. It confers the health of a host
animal by maintaining their intestinal microbial balance™.
Some probiotics have been reportedto possess certain anti-
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cancer and antitumor properties'®'”. Nami'® showed that the
probiotic L. acidophilus has well-known anti-cancer activity
besidesits remarkable antimicrobial activity. Further, Nandhini
and Palaniswamy' reported that L. plantarum JQ255472
may be considered as a more promising food component
in terms of preventing cancer. Data from epidemiological
and experimental studies have also indicated that the
ingestion of certain LAB strains or fermented dairy
products, might alleviate the risk of a certain type of cancers
and inhibit the growth of tumours'”. The habit of consuming
probiotic in which their LAB yoghurt can prevent poisoning
caused by free radicals that can cause cancer®. The aim of this
study was to evaluate the effectivity of extract L. plantarum
IA-TA5 and L. acidophilus|IA-2B4 against the proliferation of
Hela cells (Epithelioid Carcinoma Cervix). It is interesting that
most anti-cancer compounds from LAB were reported to be
secondary metabolites. To our knowledge, study on the
involvement of protein-or peptide-based compounds on the
anticancer properties remains limited.

Previously, two Indonesian probiotics, L. plantarum lIA-
1A5 and L. acidophilus||A-2B4, were isolated from the beef of
Indonesian cattle, PeranakanOngole?'. These bacteria had met
requirements to be are categorized as strains of probiotics
based on /n vitro and /n vivo studies??. Antibacterial activity
and application of these probiotics were extensively studied.
Some studies have revealed the advantage of L. plantarum
1A5, such as antibacterial activities against £ colj
Staphylococcus aureus and Salmonella typhimuriun?®, retard
the growth of pathogenic bacteria and has a high
tolerance to low pH value?*?. Lactobacillus acidophilus 2B4
has also shown the ability to function as probiotic preventing
diarrhea on EPEC infected rats and effectimmunomodulatory
by increasing the number of lymphocytes cells®?” yet their
involvement in the inhibition of cancer cells proliferation
has not been studied yet.

This report described the inhibition activity of intra-and
extra-cellular protein compounds of L. plantarum lIA-1A5and
L. acidophilus l1A-2B4 against Hela cervical cancer cells. The
result leads to further promising applications of these
probiotics for producing anti-cancer agents.

MATERIALS AND METHODS

Data source location: The experiments were conducted at
the laboratory of Animal Product and Technology, Faculty of
Animal Science and the Primate Research Center of IPB
University, Indonesia. The study was conducted during the
period of September, 2018 to August 2019.
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Preparation of L. plantarum \IA-1A5 and L. acidophilus
11A-2B4: The LAB-based probiotic used in this research were
L. plantarum|lA-1A5 and L. acidophilus|IA-2B4. These bacteria
were firstly refreshed from the stock culture according to
Arief2!, Briefly, the stock culture was diluted 10-fold in De Man
Rogosa Sharp Broth (MRSB) medium followed by incubation
at 37°C for 24 hrs. This refresher process was performed 3
times. Final cultures obtained from this refreshment was used
for the next stage.

Extraction of intracellular protein extracts: The extraction
of intracellular fractions of L. plantarum 1IA-1A5 and
L. acidophilus IA-2B4 were performed according to Abed?.
Briefly, the bacteria were firstly grown in 5 mL MRSB media
overnight, followed by centrifugation at 14,000 rpm for 3 min
at a temperature of 25°C and resuspended in 50 mM
EDTA. A total of 33 mL lysozyme solution (40 mg mL™)
was added to the suspension and incubated for 1 hrat 37°C.
The suspension was centrifuged again as before and the
supernatant was then harvested and used in the next step.
The intracellular protein extracts from L. plantarum I|A-1A5
and L. acidophilus||A-2B4 were then designated as IP-LP and
IP-LA, respectively.

Extraction of extracellular protein-based fractions: The
extraction of extracellular proteins of L. plantarum|IA-1A5
and L. acidophilus 1IA-2B4 were performed according to
Abed?. The bacteria were firstly grown as described
previously. The cells and medium were separated by
centrifugation at 14,000 rpm for 3 min at a temperature of
25°C. The medium (supernatant) was then collected and
dialysis in 50 mM EDTA for 24 hrs. Before use, the dialysis
solution was centrifuged at 15,000 rpm for 20 min to remove
the aggregated molecules. The extracellular protein extracts
from L. plantarum IIA-1A5 and L. acidophilus |IA-2B4 were
then designated as EP-LP and EP-LA, respectively.

Analysis of protein content: The protein content from the
extracts were performed based on Lowry et a/?. Briefly, 1 mL
suspension of sample was placed into the cuvette and add
1 mL solution of Na,CO; 2% (w/v) in NaOH 0.1 N, NaK+tartrate
2% (w/v) and CuSO,.5H,0 1% (w/v) with a ratio of 10: 0.5: 0.5.
3 mLof Folin-Ciocalteu added to the cuvette. After incubation
for 10 min, the absorbance was monitored at the wavelength
of 600 nm. For the standard curve, Bovine Serum Albumin
(BSA) was used at a concentration of 0, 0.1, 0.2, 0.4, 0.6,
0.8and 1.0 mg mL™".

SDS page electrophoresis: Electrophoresis was performed to
observe the protein profile of the extracts. The electrophoresis
was performed based on Laemmli*® using 15% polyacrylamide
gel, followed by silver staining (Sigma, St. Louis, MO, USA).

Treatment of the Hela cells by the extracts: The treatment
was loosely based on Chuah et a/™. The extracts (IP-LP, IP-LA,
EP-LP and EP-NA) were prepared as before and adjusted into
different concentrations before being added into Hela cells.
Each extract solution then diluted by adding Dulbecco's
Modified Eagle Medium (DMEM) and buffer to obtain a final
concentration in the microplate ranging from 3-200 ug. Into
each microplate wells containing the Hela cell of the previous
stage (Hela cell culture), was added 100 mL of the extract
solution over the test as a treatment and added 100 mL of
DMEM as control. The mixture in a microplate was incubated
for 48 hrs in a CO, incubator at 37°C.

Cytotoxicity test by MTT assay: The test was performed
based on Mosmann?®'. Briefly, following the Hela cells
incubation for 48 hrs in the absence or in the presence of
extractsolution, 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-
tetrazolium bromide (MTT) was added into the culture yielding
the changes of medium to yellow. The incubation was then
prolonged for 4 hrs in a CO, incubator. Formazan crystals
formed during the incubation was then harvested and
diluted with 100 mL of 96% ethanol yielding the changes
of solution color to be purple. The presence of formazan
was then quantified under a microplate reader at a
wavelength of 595 nm.

Statistical analysis: The data are presented as mean=*
standard deviation from 3 independent replications. The
one-way analysis of variance (ANOVA) was used to determine
the differences among means with Tukey's method for a post
hoc test and confidence interval of 95%.

RESULTS

Protein analysis: Analysis of protein content using the Lowry
method was conducted to determine the concentration of
protein contained in the extracts (IP-LP, IP-LA, EP-LP and
EP-NA). Figure 1(a-b) showed that the protein contents of IP-
LP were statistically higher than that of EP-LA. Likewise, IP-LA
also displayed higher protein content as compared to EP-LA.
Further, the SDS Page Fig. 2(a-b) clearly showed that the
protein bands of IP-LP and IP-LA were more visible than that
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Fig. 1(a-b): Protein content of the extracts of (a) L. plantarum IIA-1A5 and (b) L. acidophilus lIA-2B4. IP-LP and EP-LP refer to
intracellular and extracellular extracts of L. plantarum|lA-1A5, respectively. IP-LA and EP-LA refer to intracellular and
extracellular extracts of L. acidophillus ||A-2B4, respectively
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: 15% SDS Page of the extracts of (a) L. plantarum IA-1A5 and (b) L. acidophilus 1|A-2B4. |P-LP and EP-LP refer to

intracellular and extracellular extracts of L. plantarum1|A-1A5, respectively. IP-LA and EP-LA refer to intracellular and
extracellular extracts of L. acidophillus|IA-2B4, respectively. Each of extracts were run in two wells of the gel

of the protein bands of the extracellular extracts (EP-LP and
EP-LA). In addition, the apparent size of the bands in the
intracellular extracts (IP-LP and IP-LA) was wider than that of
the extracellular extracts (EP-LP and EP-LA). The extracellular
extracts from both strains (EP-LP and EP-LA) were shown to be
dominated by the bands with the apparent sizes of >45 kDa.

Inhibition of HeLa cells: To examine the ability of the extract
in retarding Hela cells, an MTT assay was performed. The
assay principally based on the ability of mitochondrial
dehydrogenase reductase enzyme from active cell to
transform the tetrazolium salt solution into a formazan

product, Fig. 3(a-b) revealed that intracellular extracts of
L. plantarum IA-1A5 or L. acidophilus 11A-2B4 (IP-LP or IP-LA)
remarkably inhibited the viability of Hela cells in a
concentration-dependent manner. The calculated ICg, values
for IP-LP and IP-LA were 352,63 and 120.98 ug mL"",
respectively. These values were found to be statistically
different (p<0.05), which indicated that the intracellular
extract of IP-LA exhibited stronger inhibition than that
of IP-LP.

Interestingly, Fig.3(a-b) also showed that the inhibition
of Hela cells EP-LP were found to be relatively constant in the
range of 3-200 ug mL=". Accordingly, the IC, value for EP-LP
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Fig. 3(a-b): Inhibition of Hela cells by various concentrations of the extracts of (a) L. plantarum IA-1A5 and (b) L. acidophilus
[IA-2B4.IP-LP and EP-LP refertointracellular and extracellular extracts of L. plantarum lIA-1A5, respectively.IP-LAand
EP-LA refer to intracellular and extracellular extracts of L. acidophillus|IA-2B4, respectively

Fig. 4(a-e): Protein content of the extracts of (a) L. plantarum IA-1A5 and (b) L. acidophilus IA-2B4. IP-LP and EP-LP refer to
intracellular and extracellular extracts of L. plantarum|IA-1A5, respectively. IP-LA and EP-LA refer to intracellular and
extracellular extracts of L. acidophillus|I|A-2B4, respectively. The morphology of Hela cells in the presence of
(a) Intracellular extract of L. plantarum |IA-1A5 (IP-LP), (b) Extracellular extract of L. plantarum IIA-1A5 (EP-LP),
(c) Intracellular extract of L. acidophiflus 1|1A-2B4 (IP-LA), (d) Extracellular extract of L. acidophillus|IA-1A5 (EP-LP) and

(e) Inthe absence of extracts (control). The concentration of extracts used was 200 ug mL~" and observed under 100x
magpnification
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was not feasible to be calculated from this result as it was not
in a dependent-concentration manner. Nevertheless, EP-LA
was shown to inhibit the Hela cells in concentration
dependent manner Fig. 3(a-b). The calculated ICy, value for
EP-LA was found to be 421.81 pg mL™", which is significantly
higher (p<0.05) than the value for its intracellular extract,
whichindicated that the intracellular extract of IP-LA exhibited
stronger inhibition than that of EP-LA.

Morphological analysis of Hela cells: The difference of
morphology Hel a cell after the addition of each extract (IP-LP
or IP-LA or EP-LP or EP-LA) were shown in Fig. 4(a-e). As shown
in Fig. 4(a-e), HelLa cells had been treated after the addition of
MTT salt. Morphological differences of Hela cells after being
treated extracts on different types of bacteria with negative
control showed the influence of the extract on the Hela cells.
The shape and growth of Hela cells in the control treatment
(0 ug mL~") seemed attached to all parts of the surface of the
site and still stuck between cells and epithelial-like shape
(polygonal). HeLa cells that had been getting treatment and
inhibition occurred changes in its cell morphology including
cell becomes more rounded, have regardless of the growth
place, smaller or shrunken with lower cell density than the
negative control.

DISCUSSION

Itis interesting to find that the protein content of IP-LP or
IP-LA was higher than their extracellular fractions (EP-LP or
EP-LA). This was also evidenced by the SDS-Page result which
obviously showed that more visible bands were observed in
the intracellular extracts than the extracellular extracts. This
result is plausible since the number of protein secreted out of
the cells are generally much less in compared to the proteins
localized inside the cell (intracellular proteins). Nogueira et a/*
reported that the secreted proteins in bacteria were about 5-
6% of the total proteins only. Secretory proteins may include
some enzymes, toxin as well as antimicrobial peptides.
Secreted enzymes can be used to scavenge nutrients.
Secreted toxins are involved in defense against protozoa,
virulence towards humans and antagonistic interactions
with other bacteria3. Sanchez et a/** also reported that
extracellular proteins secreted by probiotic bacteria were
found to be important for the attachment into the host
mucosal cells. Despite there is no report on the number of
secretory proteins of LAB, we believed that type and number
of intracellular proteins are more varied as compared to

secretory proteins. To be secreted out, proteins must be
equipped with signal sequence either at their N-or C-terminal.
This sequence is not required for intracellular protein hence
the chance to keep reside inside the cells are relatively higher.

Further, IP-LP and IP-LA were shown to be remarkably
able to reduce the viability of Hela cells. Hela is the most
widely used model cell line for studying human cellular and
molecular biology. These cells were taken from a woman
named Henrietta Lacks, who had cervical cancer and died
shortly afterwards and the Hela cell line was then widely
studied for the cervical cancer study®>3¢. The tie of intercellular
apart can be caused by several factors, including enzymatic
factors such as trypsin enzymes, proteases, collagenase¥.
The ability of L. plantarumI|A-1A5 and L. acidophilus ||1A-2B4
to inhibit the Hela cells line was in good agreement with
some previous studies highlighting the inhibitory activity of
some LAB against Hela cells. Nami et a/3® reported that
Lactobacillus plantarum isolated from vaginal secretions
exhibited anticancer activities against Hela cervical cancer
line. Similarly, some human milk-isolated Lactobacillusstrains
(Lactobacillus casei SR1, Lactobacillus case/ SR2 and
Lactobacillus paracasei SR4) were also able toinhibit the Hela
cellline*®. Meanwhile, L. case/ and L. paracase from cow milk
were also previously reported to be able to inhibit the Hela
cell line*. In addition, Sungur et a/* reported that human
vagina-isolated /. gasseri strains, G10 and H15, inhibits the
Hela cells proliferation. Nevertheless, those studies are all
using extracellular extracts of the LAB. To note, no report sofar
for the anticancer activity of the intracellular extracts from the
LAB groups. Therefore, this study is among the first study on
the examination of intracellular extracts of the LAB against
Hela cancer cell line.

The apparent ICs, value of the IP-LP indicated that this
strain has weaker inhibition activity than IP-LA. This is
acceptable as each species expressed a different type and
amount of cellular components which might further
differently involved in the inhibition activity. It should be
noted that the extract is a mixture of various compounds
(unpurified) that might interfere with each other. The
concentration of the extract refers to a total concentration of
whole compounds inside the extract and does not reflect the
real concentration of the compound that responsible for
anticancer activity. This might explain why the IC;, value
might relatively higher for the extract. While US National
Cancer Institute (NCI) recommended the crude extracts to
have less than 20 pg mL™" of IC5, value (in vivo) to be
considered as an anticancer compound, this standard applies
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for plant-based compounds*. There are no standards,
unfortunately, for the ICy, value of bacterial based-
compounds. Besides, the concentration of extract in this
study refers to the protein content, not the whole
compounds inside the extract.

To note, the extracellular extracts of both L. plantarum
lIA-1A5 and L. acidophilus 11A-2B4 (EP-LP and EP-LA) also
demonstrated apparent inhibition activity against Hela
cell lines, albeit low activity. The concentration-dependent
inhibition activity was obviously observed in L. acidophilus
[IA-2B4 (EP-LA) but not for L. plantarum IA-1A5 (EP-LP). The
low activity might be due to the low protein composition
in the extracellular extract as compared to the intracellular
extract.

Itis interesting to note that the highest inhibition activity
by the IP-LP and IP-LA were 49.01 and 74.16%, respectively, at
200 ug mL~". Meanwhile, EP-LP and EP-LA were only 12.49
and 18.13%, respectively. Earlier, Luang-in et a/* reported
that L. plantarum KK518 requires more than 300 ug mL™"
of its extract to inhibit 50% of Hela cells. Furthermore,
Chuah et a/" reported that several strains of L. plantarum
inhibited Hela cells with the ICs, values ranging from 18-
24% (v/v). Meanwhile, L. p/antarum RG11 was reported to
have no ability to inhibit Hela cells. This indicated that the
concentration of L. plantarum’s extracts to inhibit the Hela
cells might vary depending on the strains.

The current study supports the accumulative studies on
the promising anticancer activity of LAB groups. Some
previous research also suggests LAB such as Lactobacillus
have anticancer effects'®*?, Lactobacilli and Bifido bacteria
were the most prominent of bacteria that used as probiotic
bacteria and had gained wide interest in cancer research*.
Some components of bacteria which have anti-cancer
effectsinclude peptidoglycan and the membrane component
of the cell wall of LAB such as Lactobacillus, Lactococcus,
Streptococcus and Bifidobacterium'®®. Kim et a/* used the
whole extract L. casei ATCC393 for soluble polysaccharide
components contained in the bacteria Lactobacillus strains
to show inhibitory activity in cancer cell lines and cell
wall (peptidoglycan) also have anti-cancer activity. Similarly,
Liu and Pan* also reported that cytoplasmic extracts
of L. paracasei ssp. paracasei NTU 101, L. acidophilus
BCRC 14079, L. salivarius ssp. salivarius BCRC 14759 and
Bifidobacterium breve BCRC 11846 exhibited remarkable
anticancer activities. The inhibition magnitude was shown
to be varied for different BAL strains. Choi et a/* using a
bacterial culture L. acidophilus 606 and L. case/ ATCC 393 is
viewed of the proliferation of cancer cells.

While the anticancer study of LAB was widely studied, the
mechanism by which this bacterium inhibited the cancer cell
line remains to be further studied. Most anti-cancer drugs
currently in use exert their effects via the induction of
apoptosis®. Nevertheless, each of the LAB members utilized
their own unique pathways of apoptosis induction. The cell-
free culture supernatants of Lactobacillus casei SR1,
Lactobacillus casei SR2 and Lactobacillus paracasei SR4 have
anticancer activities through several mechanisms including
downregulating BCL-2 and upregulating apoptotic genes
(caspase3, caspase8, caspase9, BAX and BAD). The human
vagina-isolated L. gasseri strains, G10 and H15, inhibits the
Hela cells proliferation through up-regulation of Bax and
Caspase3. In addition, the strain also was found to reduce
TNF-a and increase IL-10, which leads to their anti-
inflammatory effect on cervical cancer®. Meanwhile, L. casei
01 was reported to kill the cancer cells by decreasing the cell
proliferation rate>’. Furthermore, Nouri et a/>' reported that
Hela cellstreated by supernatants of Lactobacillus rhamnosus
and Lactobacillus crispatus reduce the expression of CASP3
gene as well as MMP2 and MMP9, which causes an inhibitory
effect on metastasis. These results indicated the ability of LAB
extract used in this study has an anti-cancer effect which
might be due to the capability of inhibiting cell proliferation
and apoptosis inhibition. Nevertheless, it is also possible for
LAB to utilize anti-proliferation and apoptosis induction
effects. Ren et a/>? proposed that the anticancer compounds
may have different mechanisms, including anti-proliferation
effect, cell cycle inhibition, angiogenesis inhibition, cell
destruction that leads to necrosis and apoptosis induction.
While the mechanism by which L. plantarum IIA-1A5 and
L. acidophilus|lA-2B4 remains to be further studied, this study
provides an insight into the promising application of these
Indonesian probiotic to be further developed as anti-cancer
compound producers.

CONCLUSION

This study demonstrated intra-and extracellular extracts
of L. plantarum A-1A5 and L. acidophilus 11A-2B4 are
capable of inhibiting the Hela cancer cell lines. Intracellular
extracts of both strains (IP-LP and IP-LA) displayed the highest
inhibitory effect toward the cell line which might be due to
the presence of more proteins and also other compounds as
compared to that of extracellular extracts (EP-LP and EP-LA).
This study also indicated that anticancer activity of L.
acidophilus||A-2B4 apparently higher than L. plantarum II1A-
1A5 for both intra-and extracellular extracts. Altogether,
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these bacteria are notonly capable ofimproving the nutrition
value of the food when it used in the food system but also
promising to be harnessed as anti-cancer agents.

SIGNIFICANCE STATEMENTS

This study discovers the anticancer activity of both
intra-and extracellular extracts of L. plantarum lIA-1A5 and
L. acidophilus 1IA-2B4 against Hela cervical cancer cells
that can be beneficial for further studies and industrial
applications. This study will help the researcher to uncover
the critical areas of intra-and extracellular compounds
responsible for the anticancer activity that many researchers
have not explored. Thus, a new theory on the mechanism by
which both strains inhibited Hela cells may be arrived at.
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