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Abstract: Colorectal cancer (CRC) is the third most common cancer diagnosed today and the third
leading cause of death among cancer types. CRC is one of the gastrointestinal tumors with obesity as
the main extrinsic risk factor, since, according to authors, the meta-inflammation sustained by the
excess adipose tissue can provide abundant circulating lipids, as well as hormones and metabolites
crucial to tumor development and aggressiveness. The gut microbiota can protect the colon from meta-
inflammation and endocrine changes caused by obesity. The present study aimed to investigate the
antitumor activity of a commercial probiotic in intestinal tumor cells under two adiposity conditions.
Experimental assays were performed on the Caco2 cell line (colon adenocarcinoma) supplemented
with differentiated adipocyte’s secretomes of the 3T3-L1 cell line (mouse pre-adipocytes) in two
adiposity conditions: (i) differentiation without the use of Pioglitazone (noPGZ) and (ii) differentiation
using Pioglitazone (PGZ). The Caco2 cells were first exposed to both secretomes for 24 h and evaluated
and subsequently exposed to probiotic extract followed by secretome and evaluated. The effects
of these treatments were evaluated using cytotoxicity assays by MTT, cell migration by injury, and
antioxidant activity by glutathione assay. The use of secretomes showed a statistically significant
increase in cell viability in Caco?2 cells, either in noPGZ (p < 0.01) or PGZ (p < 0.05), and the probiotic
was not able to reduce this effect. In the injury assay, secretome increased cell migration by more
than 199% in both adiposity conditions (p < 0.001 in noPGZ and p < 0.01 in PGZ). In the probiotic
treatment, there was a reduction in cell migration compared to the control in adiposity conditions. The
antioxidant response of Caco2 cells was increased in both adiposity conditions previously exposed
to the probiotic supernatant. This pilot work brings to light some findings that may answer why
the modulation of the intestinal microbiota using probiotics is an alternative strategy leading to
improvements in the condition and stage of the colon tumor. Additional studies are needed to clarify
the role of Pioglitazone in this type of tumor and the metabolites of obesity that are attenuated by the
use of probiotics.
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1. Introduction

According to the WHO (2021), obesity is a global epidemic that constitutes an acquired
disease. In 2016, about 650 million adults (13% of the world population) were obese, and
1.9 billion were overweight [1,2]. According to the WHO European Region (2022), almost
60% of adults and nearly one in three children are overweight or obese (29% of boys and
27% of girls) [3].

Obesity is a risk factor for several diseases, including cancer [4,5]. Recent findings
indicate that over 40% of individuals diagnosed with gastrointestinal cancer, such as
colorectal cancer, are overweight, with obesity being the primary external risk factor for
the development of this cancer [4,5]. This risk factor is linked to the growth of intra-
abdominal tumors, which thrive in the omentum majus environment. This region is rich in
white adipocytes that function as an energy reservoir, where lipolysis and (3-oxidation in
tumor cells facilitate rapid proliferation through energy metabolism [6]. One of the four
emerging markers proposed by Hanahan and Weinberg is unregulated energy metabolism.
Thus, generalized obesity and increased energy supply in the omentum majus potentiate
important risk factors produced by excess white adipose tissue (WAT) [6,7]. Currently, the
intestinal microbiota has been associated with vital physiological functions and could have
a beneficial or detrimental impact on the metabolism of adipose tissue and cancer [8].

White adipose tissue (WAT), an endocrine organ that may store energy in the form of
triglycerides for the maintenance of local and systemic energetic homeostasis, is the source
of changes that lead to obesity, modulating different biological processes and consequently
influencing the metabolism of various organs, such as the liver, muscle, pancreas, and
brain, via endocrine mechanisms [2,9]. Under normal conditions, WAT is deposited in
subcutaneous locations, where it carries out thermoregulatory functions and facilitates
the easy mobilization of triglycerides in response to need [10]. However, in the context
of obesity, WAT exceeds its capacity for energy storage in subcutaneous regions, leading
to a compensatory response characterized by hyperplasia (an increase in the number of
adipocytes) and hypertrophy (an increase in adipocyte size). This excess adipose tissue is
deposited in other areas of the body, such as the visceral region [2,10].

The growth of WAT involves tissue remodeling characterized by increased extracellular
matrix production, higher immune cells infiltration, and a stronger pro-inflammatory
response [2,11]. This condition defines meta-inflammation, supported by WAT, as a medical
issue associated with obesity.

Excess fat, especially visceral fat, being metabolically active and continuously releasing
free fatty acids (FFAs) into portal circulation, can lead to insulin resistance and several
other health problems, including systemic inflammation, dyslipidemia, atherosclerosis, and
metabolic syndrome [2,11].

Insulin resistance stands as the primary mechanism derived from the remodeled white
adipose tissue deposited in the visceral region. This resistance is closely associated with
various metabolic dysfunctions, including type 2 diabetes mellitus (T2DM), cancer, and
cardiometabolic risk. Traditional treatment for diabetic patients involves antidiabetic drugs
or insulin therapy, such as Pioglitazone (PGZ). PGZ is an insulin-sensitizing drug involved
in the mediation of nuclear peroxisome proliferator-activated gamma receptor (PPARy),
a transcriptional regulator of adipocyte differentiation and lipid storage that is abundant
in adipose tissue [12]. Paradoxically, treatment with PGZ can result in weight gain by
the formation of new adipocytes, despite promoting improvement of lipid profile, insulin
sensitivity, and glycemic control [12]. The expansion of adipose tissue is accompanied by
inflammatory changes that contribute to the development of low-grade systemic inflam-
mation, characterized by high infiltration of class M1 macrophages and pro-inflammatory
cytokines, chemokines, and acute phase proteins [2] The accumulation of macrophages is
notably more pronounced in visceral adipose tissue compared to subcutaneous adipose
tissue [2,13].

Cytokines released by metabolically active WAT are involved in tumor progression
and risk because they promote chronic inflammation, stimulating a favorable microenviron-
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ment [14]. It is established that abnormal lipid metabolism induced by obesity, adipokines,
hormonal imbalance, chronic inflammation, intestinal microbiota changes, and homeostasis
of bile acid can significantly influence the metabolic regulation of colorectal cancer tumori-
genesis (CRC) [5]. However, the molecular mechanisms that correlate body weight and
gastrointestinal cancer, especially in CRC, are still poorly understood [5].

A unique aspect of CRC is its intimate association with the gut microbiota, which
forms an essential part of the tumor microenvironment. The gut microbiota contributes to
carcinogenesis, either increasing or decreasing the risks, from three categories: (i) altering
the balance of proliferation and death of host cells, (ii) guiding the function of the immune
system, and (iii) influencing the metabolism of factors produced by the host, dietary intake,
and pharmaceuticals [15]. The positive correlation between limited microbiota diversity in
obese patients favors increased caloric absorption, while obesity seems to be responsible
for changes in the gut microbiota, which include metabolic disorders, insulin resistance,
and chronic inflammation [16]. Figure 1 presents a summary of the previously mentioned.
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Figure 1. Summary of the study.

Thus, the significance of modulating the gut microbiota has been steadily growing
as a fundamental aspect of human health, with evidence of its complex role in intestinal
physiology, weight regulation, and energy metabolism. The objective of this study was to
investigate the antitumor activity of a commercial probiotic in intestinal tumor cells under
two adiposity conditions.

2. Materials and Methods
2.1. Growth of Probiotic Bacteria and Collection of the Supernatant

A commercial probiotic cocktail (GUT4 25MM™, Faes Farma, Lisbon, Portugal) con-
sisting of 2 strains of Lactobacillus spp. (L. acidophilus CUL60 and L. acidophilus CUL21)
was used. Initially, the bacterium was inoculated in bacterial culture medium Tryptic Soy
Broth (TSB) in a 15 mL Falcon containing 13 mL of TSB + 2 capsules of probiotic cocktail
and incubated at 39 °C for 48 h. Subsequently, the probiotic cocktail was resuspended in
minimum essential medium (MEM), a medium of animal origin and specific to cell lines
(A4192202 BenchStable™, Gibco, Waltham, MA, USA).

Next, 2 mL of the inoculum grown in TSB was added to 13 mL of MEM and incubated
at 39 °C for 24 h. After this period, the supernatant was centrifuged and filtered. This
constituted the probiotic supernatant used in the following assays (this process is described
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in Figure 2). The presence of Lactobacillus spp. strains was confirmed by Sanger sequencing,
following amplification with the primers described in Table 1.

STEP @ STEP @ STEP(®
Inoculum of 2 caps. probiotic Collection of 2mL from TSB Acquisition of clean
cocktail in TSB medium medium and ressuspension of probiotic supernatant in
inoculum in MEM medium MEM medium
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Figure 2. Summary of supernatant acquisition. To obtain the bacterial supernatant resuspended in
minimum essential medium (MEM) for cell culture, it was first necessary to place the cocktail bacteria
in a culture medium suitable for bacterial strains to grow in, the Tryptic Soy Broth (TSB), for 48 h at
39 °C. Subsequently, the content was vortexed, and 2 mL was collected to be resuspended in MEM.
After this period, the content was centrifuged at 4000 rpm for 10 min to separate the bacterial part of
the extract containing products released by the bacteria. The supernatant was filtered in a sterile filter
of 0.2 um and consecutively stored in an arc of —80 °C to be used in future tests.

Table 1. Sequence set of primers for Sanger sequencing.

. . Il . It Size (bp—Base Annealing
Target Species Primer Forward (5'-3") Primer Reverse (3'-5') Pairs) Temperature (°C)
Lactobacillus ssp. AGCAGTAGGGAATCTTCCA  CATTYCACCGCTACACATG 346 60
Total Bacteria CCTACGGGAGGCAGCAG ATTACCGCGGCTGCTGG 169 60

The specifications for the preparation of all solutions and chemicals utilized in this
study are consolidated in Table 1.

2.2. Adipocyte Differentiation and Secretome Collect

Two methods of differentiation were applied to the 3T3-L1 cell line (mouse pre-
adipocytes), following previously published works [17]. Briefly, the 3T3-L1 cell line was
subjected to a 15-day differentiation process using three distinct differentiation mediums
(Medium of differentiation —MD I; Medium of differentiation II—MD II; Medium of
differentiation III—MD III). The 3T3-L1 cells were maintained in culture until they reached
a 75% confluence. Upon reaching confluence (day 0), DM I, which contained 0.25 pM IBMX,
2 uM insulin, and 1 uM DEX supplemented with 10% non-calf bovine serum (NCBS) and
1% antibiotics, was added. After five days (day 5) in contact with MD], it was replaced with
MD I, consisting of DMEM supplemented with 10% FBS and 2 uM of insulin. After another
five days (day 10), the cell culture was washed twice with phosphate-buffered saline (PBS),
and MD III (a basal medium without serum or supplementation) was added for five days.
One group was without the use of Pioglitazone (noPGZ) [18], and the other was treated
with a concentration of 10 uM Pioglitazone (PGZ) in DMI [17]. The secretome collected
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from the mature adipocytes was used in the Caco?2 cell line of colon adenocarcinoma, which
served as an in vitro model of CRC.

2.3. Viability Assay in Caco2

The Caco2 cells (passage 13) were initially seeded at a final concentration of
1 x 10 cells/mL and placed in a 96-well plate. Cells were cultured until they reached
80% confluence in a final volume of 100 uL over a 24 h period.

The culture medium, MEM, was aspirated and discarded, and 100uL of the different
treatments was tested. These treatments included: (I) secretome of adipocyte differentia-
tion, with or without PGZ, and (II) incubation with the probiotic’s supernatant for 24 h,
followed by adiposity secretomes, without PGZ (noPGZ) or with PGZ (PGZ). The cells
were maintained with these treatments for an additional 24 h period of incubation. After
the 24 h incubation period with treatments I and II, the supernatants were collected, and
100 uL of MTT solution (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
was added, representing 10% of the solution in MEM.

For the cytotoxicity assay, a colorimetric reagent CellTiter 9%6®Non-Radioactive Cell
Proliferation Assay (Promega, Madison, WI, USA) was used according to the manufac-
turer’s instructions. Briefly, after the treatments were discarded, the Caco2 cell line was
incubated in MTT solution at 37 °C with 5% CO; for one hour. After this period, the
MTT reagent was removed, and 100 pL of DMSO (dimethyl sulfoxide) was added. The
DMSO solution containing the cell extracts was transferred to another 96-well plate for
absorbance reading at 550 and 650 nm using a microplate reader with Thermo Lab System
Multiskan Ascent 354™ filters (Thermofisher Scientifics, Waltham, MA, USA). The results
were performed in triplicate and standardized for the control.

2.4. Injury Assay in Caco2

The Caco?2 cell line, at a final concentration of 5 x 10° cells/well, was seeded and
incubated at 37 °C with 5% CO,. For the injury assay, the cells were seeded in 6-well plates,
with each well containing 1 mL of medium, and cultured for 24 h until reaching a confluence
of approximately 80%. After this period of incubation, the medium was removed, and a
vertical mechanical scratch was performed. The scratched area was then washed with a 1%
PBS buffer solution. Afterwards, 1 mL of treatments I and II, as previously described, was
added. Photographic records were taken at time 0 and after 24 h of adding each treatment
to assess the reintegration area of the wound closure. The migration rate was calculated by
measuring the area of the wound using Image ] software 1.53e (U.S. National Institutes of
Health, Bethesda, Rockville, MD, USA).

2.5. Antioxidant Assay in Caco2

The GSH/GSSG ratio test was performed using the Biovision test kit (Biovision Incor-
porated at Abcam Company, Milpitas, CA, USA) to assess the response in the oxidative
stress protection that probiotics can provide to the Caco2 cell line under treatment con-
ditions I and II. The protocol was performed according to the manufacturer’s protocol.
Briefly, Caco2 cells (5 x 104 cells/mL) were sown in 96-well plates and placed to grow until
they reached 75% confluence with final volume of 100 uL/well. Then, the cells were incu-
bated with treatments I and II for a 24 h period. GSH and GSSG analysis was performed
by dilution of whole-cell lysates, as well as serial dilutions of GSH and GSSG standards.
The samples were incubated at room temperature for 45 min in a one-step fluorometric
reaction using an appropriate assay buffer and Monochlorobimane fluorophores. The assay
uses a dye that reacts with glutathione, either in oxidized or reduced form, in a reaction
catalyzed by the enzyme glutathione S-transferase. Fluorescence intensity was measured
using an excitation/emission (EX/EM) reader of 490/520 nm after cleavage. GSH and
total GSH were determined using the standard curve, while GSSG was determined by the
formula = (total GSH — GSH)/2.
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2.6. Inflammatory Genes Quantified by RT-gPCR

The total RNA was extracted from homogenized Caco2 cell line (5 x 10° cells/mL)
cultivated in 6-well plates until they reached confluence and after receiving treatments for
24 h. A total of 250 ng/puL of RNA was initially reverse-transcribed to complementary DNA
(cDNA) with a high-capacity cDNA kit. The multiplex PCR kit Master Mix from Meridian
was used in real time to carry out PCR according to the manufacturer’s instructions.

Test primers were used to evaluate the expression of metabolic and inflammatory
pathways that Caco?2 cells were exposed to. The primers are consolidated in Table 2.

Table 2. Sequence of primers for inflammatory genes quantified by RT-qPCR.

Gene Primer Forward (5'-3') Primer Reverse (3/-5')
IL 1-B ACCTAGCTGTCAACGTGTGG TCAAAGCAATGTGCTGGTGC
IL-10 TGAAAACAAGAGCAAGGCCG ATAGAGTCGCCACCCTGATG

PCR was performed on Quant Gene 9600™ (Biovision, Changsha, China), under the
following thermal cycler conditions presented in Table 3.

Table 3. Amplification conditions in the RT-qPCR thermal cycler.

Number of Cycles Temperature (°C) Time
1 95 02:00
95 00:05
40
60 00:20
1 4 00

The 185 expression control gene was chosen to normalize the results. The log-
normalized and classified data were then used in Minitab using the ANOVA test of
2 samples.

2.7. Statistical Analyses

The statistical analysis was performed comparing the results of the control group to
treatment groups using one-way analysis of variance (ANOVA), normality of data was
assessed using the Shapiro-Wilk test, and then the Dunnet test was applied. GraphPad
Prism 8.0.1 software (GraphPad Software, San Diego, CA, USA) was used. A 95% confi-
dence interval (95% CI) was selected, and a significance level of p < 0.05 was applied to all
statistical analyses.

3. Results
3.1. Gene Expression

First, the probiotic extract (supernatant) used in these assays was sequenced, and the
result confirmed the presence of probiotic strains of interest. It was possible to confirm the
presence of Lactobacillus acidophilus (with 99% matching) (see Figure 3).

After, to evaluate the impact of mimicking adiposity conditions in vitro through the
differentiation of 3T3-L1 pre-adipocytes, two different secretome conditions were produced
and tested in the Caco2 cell line: one with PGZ and one without the drug. Initially,
we evaluated the impact of the secreted products of adipocytes on the viability of the
Caco2 tumoral cell line. Our findings consistently demonstrated that, across all conditions,
exposure to conditions resembling adiposity led to a notable increase in the viability
of the tumoral cells. Subsequently, we analyzed the effect of a probiotic supernatant
on the viability of tumoral cells when added prior to the adiposity condition, which is
presented below.
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3.2. Adiposity Increases Colon Tumor

The use of both adiposity secretome conditions demonstrated a statistically significant
increase in Caco?2 cell viability compared to the control (cells without treatment). Notably,
in the condition without PGZ (*** p < 0.001), the increase was higher than in the condition
with PGZ (** p < 0.01), with cell viability increasing by 66% and 50%, respectively (Figure 4).

200+ - )
. Bl Secretome adipocytes

= 150 B Probiotics followed secretome
e
E
= 100+
-
s
a 207

0-

CN noPGZ PGZ

Figure 4. Results of cell viability assays by MTT in Caco2 supplemented with red indicating the
3T3-L1 differentiation secretome exclusively and blue indicating probiotic supernatant followed by
3T3-L1 differentiation secretome. CN: negative control; noPGZ: without Pioglitazone; PGZ: with
Pioglitazone; ** p < 0.01; *** p < 0.001.

To evaluate the potential impact of probiotics on tumor progression, we implemented
a two-step approach, initially exposing cells to probiotic supernatant and subsequently
supplementing the same cells with the secretome of adipocyte differentiation. The results
showed an increase in Caco2 cell viability, regardless of the use of probiotics. Statistical
significance results were observed in the condition with and without PGZ. An increase
of 56% in cell viability was observed without PGZ (noPGZ), and a 48% increase in the
condition was observed with PGZ (PGZ) (Figure 4).

These results demonstrate that adiposity alone can increase the viability of colon
adenocarcinoma, and the probiotic was not effective in reversing this effect. Nonetheless,
the effect of obesity under the influence of PGZ on the colon adenocarcinoma cells seems to
be mitigated by the probiotic supernatant.

3.3. Invasion Activity and Antioxidant

The injury assay aimed to evaluate the migration capacity of colon adenocarcinoma
cells (Figure 5). The results showed that a greater cell migration capacity was associated
with an increased risk of aggressiveness of the tumor following treatment.

The results from the cell migration assay in treatment I (Figure 5a) showed an increased
ability to reintegrate the wound when exposed to adiposity conditions. In all conditions,
statistical significance was observed, especially without PGZ (noPGZ), which showed
an increase of 252% (p < 0.001) compared to the control. The condition with PGZ (PGZ)
showed an increase of 199% (p < 0.01) in the closure reintegration rate.

In treatment II, where probiotics were added before adiposity secretome supplemen-
tation (Figure 5a), the result demonstrated a reduction in the migration capacity of colon
adenocarcinoma cells, compared to treatment I. Although not statistically significant, the
use of probiotics resulted in an attenuation of the reintegration rate of closure. The condi-
tion without PGZ (noPGZ) decreased by 7% and with PGZ (PGZ) decreased by 8% in the
rate of cell reintegration.

To evaluate the impact of adiposity with and without Pioglitazone on the antioxidant
response in colon adenocarcinoma cells previously exposed to a probiotic supernatant, the
ratio of reduced to oxidized glutathione was assessed.
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The results obtained (Figure 6) showed that both adipose conditions increased antioxi-
dant activity, with an increase in reduced glutathione or a decrease in oxidized glutathione
compared to the control. The ratio increases gave statistical significance in both conditions,
with or without PGZ, with an increase of 519% and 456%, respectively.

500
Bl Secretome adipocytes
g 400~ ok Probiotics followed secretome
® adipocytes
T 300
s
= 200+
o
2
S 100+
u_
CN noPGZ PGZ
(a)
Secretome Adipocytes Probiotics + Secretome

OH 24H OH 24H

(b)

Figure 5. Cell line migration Caco2: (a) graphic representation and (b) photographic representation.
The results express the migration rate in Caco2 cells after a mechanical tear, followed by the addition
of the treatments in question, where the red is a graphic and photographic representation in which
Caco2 was supplemented exclusively with the adiposity secretome produced in the differentiation
of adipocytes 3T3-L1, and the blue is a graphical and photographic representation in which Caco2
was first supplemented with supernatant of bacteria from the probiotic cocktail resuspended in
MEM, followed by secretome of the differentiation of adipocytes 3T3L1 under conditions without
Pioglitazone (noPGZ) and with Pioglitazone (PGZ). **** p < 0.0001.

3.4. Inflammatory Genes Responsive to Adiposity

Gene expressions of pro-inflammatory and anti-inflammatory factors were evaluated
to evaluate how different adiposity conditions, exposed to previous supplementation with
probiotics, could interfere with the inflammatory response of colon tumor cells. The real-
time PCR (RT-PCR) results for the expression of inflammatory response genes showed no
statistical significance in any of the conditions tested compared to the control (Figure 7).

However, we noticed the trend of an increase in IL10 in the condition without Pioglita-
zone (noPGZ) compared to the control.

It was not possible to observe in isolation how the use of a probiotic supernatant
interferes in the gene expression of cytokines involved with the inflammatory cascade, but
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the condition of adiposity treated pharmacologically (PGZ) showed fewer fluctuations
when compared to untreated adiposity with Pioglitazone (noPGZ).

1000 -

L

800-

*H

600

400 -

GSH/GSSG Ratio

200

0-

Figure 6. Results of stress oxidative assay in cellular Caco2 supplemented with supernatant of
probiotics followed by 3T3-L1 differentiation secretome. CN: negative control; noPGZ: without
Pioglitazone; PGZ: with Pioglitazone. ** p < 0.01.

IL-1B IL-10
< 257 c 257
9 9
[7)] [7)]
8 2.0+ g 2.0
s a
& 1.54 % 1.5-
() (D)
2 2
= 1.0 = 1.0
° o
® 0.5- o 0.5
[ [
() (D)
© 0.0- © 0.0-
> Qo“’ Qo“’ > Qc;\/ Q@’\/
QO
Q (\o

Figure 7. Results of gene expression of interleukins by RT-qPCR in Caco2 cells supplemented
with supernatant of probiotic cocktail bacteria, followed by secretome of differentiation of 3T3L1
adipocytes under different conditions. CN: negative control; noPGZ: without Pioglitazone; PGZ:
with Pioglitazone. Interleukins IL-1b and IL-10 were evaluated.

4. Discussion

Colorectal cancer (CRC) has multiple origins, with emphasis on hereditary risk factors,
age, inflammatory diseases, obesity, diet, and dysbiosis of the intestinal microbiota [8,19].
Among these factors, regulation of the intestinal microbiota can prevent the poor prognosis
of CRC [15,20,21].

The use of probiotics has been gaining importance due to its potential to induce an
antitumor effect in healthy individuals and a protective effect in patients already affected
by the disease [21]. According to various authors, the use of probiotics promotes physico-
chemical changes in the gut microbiota, either by increased production of short-chain fatty
acids (SCFAs) or increased antitumor and antimutagenic components. These alterations
have a positive influence on the immune modulation within the gastrointestinal tract and
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contribute to a reduction in both intestinal and systemic mucosal inflammation [22-24].
Then, bacterial strains that contribute to the degradation of lipid molecules may potentially
interrupt the conditioning factors of the tumor microenvironment, positioning probiotics
as a supplementary option in both treatment and cancer prevention.

Our results suggest that an obesity-associated tumor microenvironment promotes tu-
mor growth and aggressiveness by increasing tumor cell viability and migration capability.
These results support what is described in the literature, which indicates that host lipids
and cytokines released by adipose tissue are associated with the development of several
types of cancer, including CRC [2,5,25-27].

On the other hand, our results showed that probiotic supplementation had a mitigating
effect on the impact of adiposity environment on colorectal tumoral cells. Furthermore,
although we did not observe a reduction in the viability of the Caco2 cell line supplemented
with probiotics, we acknowledge the inverse relationship between probiotics consumption
and its benefits in colon cancer. We hypothesized that (a) because cell culture does not
accurately replicate the conditions in the colon, there may have been interferences, and
(b) a longer treatment duration and future assessments involving the co-culture of different
probiotic strains may be required.

The fact that probiotic bacteria have better growth conditions in environments with
a low oxygen supply supports the established role of probiotics in the complex gastroin-
testinal ecosystem in vivo. Probiotics operate in closed environments with low oxygen
supply and with a reduction in intestinal lumen pH through the production of organic
acids (acetic, butyric, propionic, and lactic acids). These organic acids contribute to main-
taining an anaerobic environment and inhibiting the growth of pathogens [25]. However,
replicating this specific condition in our study proved unfeasible and may have hindered
the attainment of more promising results.

The literature currently lacks comprehensive data on the optimal culture medium for
probiotics. Nevertheless, there is evidence suggesting that the inclusion of micronutrients
and minerals such as fructo-oligosaccharide (FOS) and inulin, which are non-digestible
carbohydrates serving as substrates of bacteria, appear to enhance the growth and viability
of probiotics [28].

The balanced composition of the intestinal microbiota plays an important role in innate
and adaptive gastrointestinal immunity. In the context of oncology, it works as a protective
mechanism against tumor aggressiveness and exhibits antitumor activity [29]. However,
in cases of imbalance of the microbiota, such as in cases of marked adiposity, intestinal
dysbiosis will develop. This dysbiosis compromises intestinal bioactivity and increases the
abundance of inducing species (pathogenic bacteria) which can cause inflammatory bowel
diseases and cancer [26].

Conversely, specific probiotic bacterial strains have the capacity to generate butyrate
and lactate, two metabolites derived from the production of short-chain fatty acids (SC-
FAs) important for metabolic protection against cancer [30]. These SCFA metabolites are
fermented acids produced by Gram-positive bacteria of the intestinal microbiota and are
recognized as microbiota-derived metabolites capable of improving intestinal barrier im-
munity, promoting the production of adhesion molecules, deterring invaders, and reducing
host intestinal inflammation [31].

SCFAs are essential regulators for the recruitment, activation, and differentiation
of various immune cells such as dendritic cells (CDs), neutrophils, macrophages, and
lymphocytes. Additionally, they also play a pivotal role in regulating the expression of
(i) pro-inflammatory cytokines, such as IL-12 and IL-6, and (ii) anti-cytokines” association
between SCFAs and receptors coupled to G proteins, for example, GPR109a associated
with CD, which results in an increased expression of IL-10 and a reduction in IL-6 [32].
Consequently, this leads to the expansion of T-regulatory cells, which, in turn, inhibit the
proliferation of Th17 cells, indicating their crucial role in anti-inflammatory pathways such
as apoptosis, especially in inflammation-induced colorectal cancer [29,32,33].
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Probiotics have the potential to modulate the immune system, either at the gut level
or systematically, and offer other therapeutic benefits such as improving lactose tolerance,
reducing inflammation, and exhibiting antioxidant properties [34].

The imbalance between the production of pro-oxidative molecules (reactive oxygen
species (ROS) and reactive nitrogen species (ERN)) and the efficiency of antioxidation
defenses is one of the factors associated with CCR [30].

The oxidative stress produced by the dysbiotic intestinal microbiota promotes the
stimulation of chronic inflammation through the production of ROS that induce DNA
damage, activation of oncogenes, and inactivation of tumor suppressor genes [30,35].

Within mammalian cells, glutathione is the main low-molecular-weight intracellular
thiol that plays a critical role in defending against oxidative and nitrosative stress. Reduced
glutathione levels have been detected in the early stages of apoptosis, and the identifica-
tion of these values by simple in vitro assays allows for the detection of changes in total
glutathione in apoptosis and other contexts [36].

Our research showed a heterogeneous trend in the conditions with the use of the
PPARYy agonist used for optimizing adipogenesis. Recent studies have supported the fact
that this class of antidiabetic drug, specifically thiazolidinediones, may be associated to a
modest 9% reduction in the risk of developing CRC in patients with T2DM treated with
Pioglitazone [37].

Despite Pioglitazone being directed to reduce insulin resistance, its use can still in-
crease the accumulation of lipid droplets in mature adipocytes and activate tumor sup-
pression pathways by apoptosis, such as the mTOR pathway, for example [38]. Our results
evidenced that using Pioglitazone promotes protection activity in colorectal tumor cells
exposed to the adipose microenvironment (Figure 5).

A study by Ninomiya et al. (2014) evaluated the effect of Pioglitazone on five tumor
cell lines (Capan-1, Aspc-1, BxPC-3, PANC-1, and MIApaCa-2), and the results confirmed
an inhibitory effect on the proliferation of all five examined cell lines when the concentration
of Pioglitazone exceeded 10 uM [39,40].

In summary, high levels of PPARy expression have been associated with cell prolifera-
tion. According to various authors, treatment with thiazolidinedione can act by inhibiting
cell proliferation and inducing cell differentiation [41].

Although this is only a preliminary and pilot study, it presented some limitations. The
lack of knowledge of the composition of pre-adipocyte composition, the use of limited
cell lines and probiotic models, and low understanding of the immunomodulation pro-
cess caused by both treatments need to be addressed in future studies to allow a better
understanding of the real impact of probiotics use against colorectal cancer.

5. Conclusions

In this study, we observed promising results using probiotics to modulate the gut mi-
crobiota in an in vitro model of colon adenocarcinoma. Although preliminary, these results
represent a starting point in how the use of probiotics can potentially mitigate risk factors as-
sociated with gastrointestinal cancers, including colorectal cancer. Probiotic therapy may of-
fer an alternative strategy leading to improvements in the meta-inflammatory and metabolic
conditions present in patients with obesity and/or diabetics using Pioglitazone therapy.

The present study suggests that the administration of probiotics as a preventive
measure can lessen the aggressiveness and progression of colon adenocarcinoma due to
the intricate relationship between the tumor and adipose tissue.

In general, there is an attractive research route for cancer prevention or treatment
therapy for cancer, intervening in the modulation of the intestinal microbiota. Nevertheless,
further studies are needed to investigate and understand the underlying mechanism
between the gut microbiota and the immune system in the context of cancer.
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6. Future Perspectives

Although this is a preliminary study, the probiotics seemed to produce an impact
against colorectal cancer cell lines. In order to understand this process deeply, some
complementary studies should be addressed, such as the evaluation of different probiotic
formulations (e.g., with the Akkermansia muciniphila strain, which showed great results
in regulating the microbiome and reducing obese characteristics), the evaluation of pre-
adipocyte secretome with metabolomic and/or proteomic analysis, and the evaluation of
immune response in the presence of both the probiotics and the pre-adipocyte secretome, as
well as the testing of other colorectal healthy and cancer cell lines. Additionally, evaluation
of the same processes should also be performed with in vivo models (animal and human).
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