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Abstract

ACKGROUND: Gut microbiota plays a crucial role in the initiation and progression of colorectal cancer (CRC),

with various bacterial species including Lactococcus lactis implicated in this process. However, there is a lack of

studies reporting the specific effects of L. lactis on microbiota balance in the context of CRC, especially strain D4.
Therefore, this study was conducted to evaluate the effect of L. lactis D4 administration on gut microbiota balance in a rat
model of CRC.
METHODS: This experimental study involved Sprague Dawley rats that were separated into untreated control (CO group),
CRC-induced (CA group), and L. lactis D4-treated CRC-induced (LLD group). The CRC induction was performed by
giving azoxymethane (AOM) and dextran sulfate sodium (DDS). Gut microbiota profile was analyzed using next generation
sequencing (NGS), and microbial community dynamics were assessed through alpha and beta diversity metrics.
RESULTS: L. lactis D4 restored gut microbiota balance by regulating Firmicutes/Bacteroidota ratio, and changing the
microbiota composition by increasing the number of bacteria from the phylum Actinobacteria and decreasing bacteria from
the phylum Bacteroidota and Proteobacteria. Alpha diversity was reduced in the LLD group, suggesting a decreased bacterial
diversity post-treatment, but more closely aligned with the CO group than the CA group. Beta diversity analysis showed
that the microbial composition of the treated group was similar to the CO group, while the CA group exhibited a distinct
microbiota profile, characterized by higher abundance of pathogenic bacteria and reducing beneficial microbial species.
CONCLUSION: L. lactis D4 administration effectively modulates gut microbiota in CRC model, enhancing the presence of
beneficial bacteria from the Firmicutes and Bacteroidota phylum while suppressing pathogenic species from the Proteobacteria
phylum.
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lifestyle and diet. This trend is especially notable in Asia,

Introduction including Indonesia, where CRC ranks as the second most

common cancer in men and the third in women.(1,2)

Colorectal cancer (CRC) is one of the most common cancers
globally and a significant burden to public health. The
incidence and mortality rates of CRC vary by region and
are closely linked to socioeconomic factors. In recent years,
there has been a concerning rise in CRC cases, particularly
among younger populations, driven largely by changes in
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CRC is driven by a combination of genetic and
environmental factors, with growing evidence highlighting
the role of the gut microbiota in its development. Dysbiosis,
or the imbalance of gut microbiota, has been implicated in
the initiation, progression, and metastasis of CRC. Changes
in microbial composition, especially the overgrowth of
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pathogenic bacteria, are thought to contribute to the pro-
inflammatory environment that fosters tumorigenesis.(3-8)

Recent studies underscore the significance of
microbiota in cancer development, not just as a risk factor
but also in the pathogenesis of autoimmune diseases. The
gut microbiome plays a critical role in immune regulation,
inflammation, and the integrity of the gut barriers, all of
which are relevant to CRC pathogenesis. Notably, chronic
inflammation, such as that seen in inflammatory bowel
disease (IBD), promotes CRC development through the
inflammation-dysplasia-carcinoma sequence.(10,11) The
animal models using azoxymethane (AOM) and dextran
sulfate sodium (DSS) have become standard for studying
inflammation-related CRC. AOM induces mutations in
colonic epithelial cells, while DSS disrupts the intestinal
barrier, leading to inflammation and tumor formation. This
model closely mimics the progression of CRC in humans,
especially colitis-associated cancers.(12-20)

Probiotics have emerged as a promising strategy to
restore gut microbiota balance and reduce inflammation.
Probiotics are known to produce several bioactive molecules
that act as antioxidants through various mechanisms,
including the production of Exopolysaccharides (EPS)
and superoxide dismutase (SOD).(21) Lactococcus lactis
D4, isolated from the traditional Minangkabau fermented
buffalo milk product dadih, has been shown to offer multiple
health benefits. Recent research indicates that L. lactis D4
can modulate gut microbiota composition by increasing
beneficial bacteria and suppressing pathogenic species
associated with CRC. More importantly, L. lactis D4 has
been shown to reduce chronic inflammation by suppressing
the production of key pro-inflammatory cytokines, such as
interleukin (IL)-6 and tumor necrosis factor (TNF)-a, which
are major contributors to CRC progression.(22-25) L. lactis
D4 may serve as a promising adjunct therapy for CRC
prevention and management by restoring gut microbiota
balance and reducing inflammation. Therefore, this study
was conducted to investigate the effects of L. lactis D4 on
modulating gut microbiota dysbiosis, a critical factor in the
progression of CRC. Ultimately, L. lactis D4 might represent
a potential therapeutic target in CRC management.

Methods

Study Design and Animal Model

This laboratory-based experimental study was conducted
at Ina Lab Laboratory from May to October 2023, and
utilized a randomized control group posttest-only design
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with Sprague Dawley rats aged 6-7 weeks and weighed
170-220 grams. A total of 42 male rats were involved in this
research, and divided into research and evaluation groups.
The research groups were then randomly separated into
3 different groups; the untreated control rats (CO group),
which consisted of rats that were neither induced with cancer
nor treated, serving as a baseline to represent the normal and
healthy condition (n=10); the CRC-induced rats (CA group),
which consisted of rats that were induced with CRC, but did
not treated (n=10); and L. lactis D4-treated CRC-induced
rats (LLD group), which consisted of rats that were induced
with CRC, and later treated with L. lactis D4 (n=10). Two
rats from the evaluation group (n=12) were terminated by
cervical dislocation every two weeks for histopathological
confirmation of CRC after the CRC-induction.

All rats were housed in standard laboratory conditions,
with a 12-hour light/dark cycle and ad libitum access to food
and water. The acclimatization period lasted for 1 week to
ensure the animals adapted to the environment, followed by
the CRC induction that began in week-2. The L. lactis D4
treatment was given after the CRC induction was ensured
(Figure 1). Ethical guidelines for animal welfare were
strictly followed throughout the study. The study protocol
was approved by the Health Research Ethics Committee
of the Faculty of Medicine, Universitas Andalas (Approval
No.: 79/UN.162.KEP-FK/2023).

CRC Induction

The rats in CA, LLD, and the evaluation groups were
induced with CRC by giving AOM (Cat No. A5486; Sigma-
Aldrich, Saint Louis, MO, USA) injected intraperitoneally
at a single dose of 10 mg/kgBW as well as 2.5% DSS (Cat
No. 51227; Sigma-Aldrich) diluted in the rats' drinking
water for 5 days. The induction process started on the first
day of week-2. This induction procedure was repeated for
three cycles.

Preparation and Administration of L. lactis D4
L. lactis D4 was isolated from 250 grams Dadih in bamboo
tubes.(26) The bacteria were cultured using the streak
quadrant method on MRS agar plates and incubated at
30°C for 48 hours. After incubation, the bacterial colonies
were transferred to MRS broth and incubated at 30°C for
24 hours. Following this, the culture was centrifuged to
separate the bacterial pellet, which was suspended to a final
concentration of 1x10° CFU/mL. No additional dilution was
required before administered to the rats.

L. lactis D4 was administered per rectal for 30
consecutive days to the rats in the LLD group after confirming
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the presence of CRC in week-13. The dose of 1x10° CFU/
mL in 0.5 mL was given daily. After the administration of L.
lactis D4 in week-17, fecal samples were collected.

Microbiota Analysis and Sequencing

Fecal samples were collected from all groups at the end
of the treatment period. Each sample (5 mg) underwent
microbiota analysis using Next Generation Sequencing
(NGS). The sequencing process involved DNA extraction,
DNA shearing and quality control (QC), library preparation
as well as sequencing and bioinformatics processing.

DNA extraction used a standard protocol optimized
for microbial analysis employing the QIAamp Fast DNA
Stool Mini Kit (Cat No. 51604; Qiagen, Hilden, Germany).
The extracted DNA was then subjected to shearing using
Long Light Tech equipment to ensure uniform fragment
sizes. QC checks were performed on the DNA using the
TurboCycler 2 Thermal Cycler (Blue-Ray Biotech, New
Taipei City, Taiwan) to assessed the integrity and purity of
the sheared DNA.

Library preparation and sequencing were carried out
using Formulatrix automation equipment, and sequencing
was performed on both the MGI Tech and Oxford Nanopore
platforms. The 16S rRNA gene, specifically targeting the

animal treatment procedure.

V3-V4 hypervariable regions, was amplified to analyze
bacterial communities. Sequencing depth and coverage
were adjusted to ensure accurate representation of microbial
diversity.

Taxonomic assignment, from the phylum to the
species level, was performed using the SILVA database (the
138 release) as the reference. The taxonomic ranks (phylum,
class, order, family, genus, and species) were determined
through alignment of the 16S rRNA sequences with known
bacterial genomes in the database. For the presentation of the
results, only the ten most abundant taxa at each taxonomic
rank were included in the analysis to focus on the dominant
bacterial groups and ensure clarity. Relative abundance data
were calculated for each taxonomic level, providing insights
into the bacterial composition across all samples.

Results

The rats in CA, LLD, and the evaluation groups were
induced with AOM and DDS to create a CRC rat model.
Histopathological analysis confirmed CRC development
at week-13 in the evaluation group (Figure 2). In rats that
were induced with CRC, moderate to severe dysplasia
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Figure 2. Histopathological expression of inflammatory and neoplastic
changes in colonic mucosal tissue stained with H&E of the CO and
evaluation groups. A: In the CO group, normal colonic mucosal architecture
with intact crypt structures and minimal inflammatory cell infiltration was
shown. B: In the evaluation group, which was induced with AOM and DSS
into CRC, a histopathological examination revealed an inflammatory reaction
characterized by infiltration of lymphocytes, plasma cells, and neutrophils
into the lamina propria. This process progressed to dysplasia in colon cells,
with moderate to severe degrees of severity (black circle). C: At week-13 of
the AOM and DSS induction period, the evaluation group exhibited evidence
of neoplastic growth, characterized by the presence of adenocarcinoma cells
invading the submucosa (black circle). White bar: 50 um. Black bar: 20 pm.

were observed compared to the CO group. There were also
significant inflammatory and neoplastic changes, including
dysplasia and abnormal glandular structures, indicating a
pronounced pathological response.

Sequencing Results and Data Processing

The sequencing results include raw paired-end (RawPE)
sequences, which were processed to identify valid sequence
reads. A total of 183,258 sequence reads were obtained for
the LLD group, 103,079 for the CA group, and 174,420 for
the CO group, as shown in the Nochime (Table 1). These
processed sequences formed the basis for further analyses
of microbial composition.

Operational Taxonomic Unit (OTU)/Amplicon Sequence
Variant (ASV) Analysis

The OTU/ASV analysis
populations across the groups. OTUs were used for grouping

revealed distinct bacterial

bacterial sequences with 97% similarity, while ASVs were

Table 1. Processing data of sequencing results.

employed to identify unique sequences. Both methods
demonstrated changes in microbial composition across the
research groups, further detailed in the following sections.

Relative Abundance in Phylum Level

The relative abundance analysis identified the top 10
most abundant bacterial phyla across the different groups.
Firmicutes exhibited the highest relative abundance in all
groups, followed by Actinobacteria, Bacteroidota, and
Proteobacteria (Figure 3A). In the CO group, Firmicutes was
the most dominant phylum (mean = 101,968.70), whereas
the CA group exhibited a significantly higher presence of
Bacteroidota (mean = 15,215.60), indicating gut dysbiosis
associated with CRC. Notably, after treatment with L.
lactis D4, the LLD group demonstrated a shift back toward
Firmicutes dominance (mean = 114,289.80), suggesting
that L. lactis D4 restored microbial balance (Table 2).
The Kruskal-Wallis test revealed significant differences in
bacterial abundance at the phylum level between groups

Group RawPE  Combined Qualified Nochime Base(nt)  Avglen(nt) GC Q20 Q30 PEe::ieecntti:;e
LLD 2,050,092 200,022 194,959 183,258 77,383,221 42,226 5291%  98.10%  94.01% 89.35%
CA 118,111 115,534 113,169 103,079 42,942,471 41,660 5337%  9827%  94.39% 87.27%
CO 202,161 197,695 193,197 174,420 73,216,339 41,977 53.79%  98.18%  94.26% 86.28%
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(p<0.001). Interestingly, the values of Firmicutes in the
LLD group were nearly identical to those in the CO group,
reflecting that the treatment with L. lactis D4 reestablished a
microbial state similar to the healthy condition.

Relative Abundance in Class Level

Further analysis was conducted at the class level to explore
the dynamics within the Firmicutes phylum, highlighting
the predominance of Bacilli, Clostridia, and Negativicutes.
The CO group displayed a high abundance of Bacilli,
consistent with its healthy gut profile, while the CA group
showed a decrease in Bacilli and an increase in Clostridia,
associated with CRC progression. After treatment, the LLD
group showed a significant recovery in Bacilli levels and
a decrease in Clostridia, reflecting a return to a healthier
state similar to the CO group (Figure 3B). The consistent
abundance values of Bacilli between the LLD and CO
groups suggest that L. lactis D4 effectively restores the gut
microbiota to a state that resembles a healthy microbiome.
The Kruskal-Wallis test confirmed significant differences at
the class level (p<0.001) (Table 3).

While Bacilli and its orders showed positive
modulation, other classes like Negativicutes,
Gammaproteobacteria, and Bacteroidia also presented
interesting findings. Their increased presence in the CA
group suggests a response to the dysbiotic and inflammatory
environment of CRC. Negativicutes are typically beneficial
but may rise in response to inflammation, reflecting an
adaptive reaction rather than an indication of health.
Gammaproteobacteria thrive in stressed conditions, and
their elevated levels in CRC conditions suggest adaptability
to inflammation and tumor microenvironments. Bacteroidia,
known for their short-chain fatty acid (SCFA) production,
may increase as a compensatory response to dysbiosis but
have limited anti-inflammatory impact in the inflamed CRC
environment.

Relative Abundance in Order Level

At the order level, the uneven abundance of bacteria among
samples becomes apparent, with some samples showing
significantly higher abundance of a certain order compared
to others (Figure 3C). Analyzing the Bacilli class at the
order level, Lactobacillales was the most dominant order in
the LLD group, surpassing its abundance in the CA group,
which had diminished due to dysbiosis (Figure 3C). The
increase in Lactobacillales in the LLD group emphasizes
the beneficial modulation by L. lactis D4, promoting
the recovery of gut health. The CO group had a higher
proportion of Staphylococcales, which is associated with

Indones Biomed J. 2024; 16(6): 517-26

certain pathogenic traits and was reduced in the CA group
during colitis-associated cancer (CAC). Microbes mostly
work by CAC mechanism.

Relative Abundance in Family-Genus-Species Level

further details the
abundance of bacteria, which show variety of bacteria
abundance in the CO, CA, and LDD groups (Figure 3E, 3F,
and 3G). Further analysis at the family-genus-species level

The family-genus-species level

revealed that Lactobacillaceae (family) and Lactobacillus
(genus) were significantly more abundant in the LLD group,
corroborating the restored Firmicutes dominance (Figure
3E and 3F). This detailed examination demonstrates that
the increase in beneficial Lactobacillales and associated
genera contributes to the recovery of the gut microbiota,
enhancing microbial health and potentially mitigating CRC
progression. The consistent restoration of these beneficial
orders and families in the LLD group to levels resembling
the CO group supports the idea that L. lactis D4 fosters a
healthy microbial environment and reduces pathogenic
bacterial influence.

Alpha and Beta Diversity
Table 4 presented alpha diversity metrics, including the
Simpson diversity index, which quantifies microbial diversity
within each group. The LLD group had a Simpson index
of 0.94, indicating lower diversity compared to CO (0.94)
and CA (0.98) groups. The reduction in microbial diversity
following L. lactis D4 treatment in the LLD group suggests
a shift toward a more specialized bacterial community,
reflecting a positive restoration of gut microbiota balance.
Figure 3D illustrated the beta diversity using the
Unweighted Pair-group Method with Arithmetic Mean
(UPGMA) analysis, which visualizes the similarities
between bacterial compositions in the three groups. The
LLD group showed greater similarity to the CO group,
indicating that the administration of L. lactis D4 reduced
dysbiosis. In contrast, the CA group exhibited a distinct
microbial profile, confirming cancer-associated dysbiosis.
These findings highlight the effectiveness of L. lactis D4 in
restoring microbiota composition in the LLD group. These
dissimilarity coefficient between any pair of CO, CA, and
LLD groups were shown in Figure 4. The weighted UniFrac
distance accounts for both the presence and abundance of
microbial taxa, while the unweighted UniFrac distance
only considers the presence or absence of taxa. A higher
beta diversity coefficient indicates a greater difference in
microbial communities between the groups. For example,
the dissimilarity between the CA and LLD groups shows a
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Table 2. Mean differences bacterial abundance at phylum level.

Mean+SD
Colon Microbiota p-value
LLD Group (n=10) CA Group (n=10) CO Group (n=10)
Firmicutes 114,289.80+7,650.69  62,637.30+5,090.43 101,968.70+7,370.92 <0.001*"
Actinobacteria 34,416.50+3,441.84 7,290.30+235.79 4,095.50+64.87 <0.001*°
Bacteroidota 19,268.00+£959.94 15,215.60+1,068.46 11,211.80+735.40 <0.001**"
Proteobacteria 7,389.90+318.03 5,201.504231.48 5,672.00+247.11 <0.001*°
Spirochaetota 18,040.00+13.90 92,530.00+90.43 314.50+23.60 <0.001*"
Actinobacteriota 58,710.00+25.54 81,150.00+31.32 76,050.00+24.78 <0.001*"
Desulfobacterota 55,800.00+ 63.00 81,780.00+51.42 11,510.00+9.52 <0.001**
Campylobacterota 14,590.00+16.39 27,210.00+18.57 43.80+2.53 <0.001**
Euryarchaeota 20.00+1.56 247.80+24.31 153.50+3.03 <0.001**
*Significant if p<0.05, *analyzed with One-way ANOVA, *analyzed with Kruskal-Wallis.
weighted UniFrac value of 0.448 and an unweighted value
Discussion

of 0.335, indicating significant differences in microbial
composition, particularly when accounting for relative
abundances. In contrast, the CO group shows no significant
difference (0.0), suggesting similar microbial compositions
across control samples.

Statistical Significance and Effect Sizes

The results showed statistically significant differences in
bacterial abundance and diversity across all taxonomic
levels (p<0.001). The effect sizes for each outcome,
especially phylum and class were presented in Table 2
and Table 3, demonstrating the magnitude of differences
between groups. The largest effect sizes were observed for
changes in the Firmicutes and Bacteroidota phylum, as well
as Bacilli and Clostridia classes, particularly between the
CA and LLD groups, reinforcing the positive impact of L.
lactis D4 on gut microbiota. These visual representations
clearly demonstrate the reduction in dysbiosis markers and
the significant improvement in microbial balance following
L. lactis D4 treatment.

The data processing steps outlined in Table 1 elucidate the
transformation from RawPE sequences to the final Nochime
sequences used for subsequent analyses. The reduction in
sequence count from RawPE to Nochime indicates the
elimination of sequences during processing, emphasizing
the importance of quality control.(27) Parameters such as
GC content, Q20, and Q30 provide crucial information
about the quality and reliability of the obtained
sequences.(28) The final valid sequences for analysis
were 183.25 for LLD group, 103.08 for CA group, and
174.42 for CO group.

The insights gained from the NGS amplicon
metagenomic sequencing shed light on the microbial
diversity, especially when comparing samples from LLD,
CA, and CO groups. The analysis of relative abundance,
alpha diversity, and beta diversity patterns among these
samples reveals distinct microbiota dynamics. The successful
merging and sequencing quality, including parameters like

Table 3. Mean differences bacterial abundance at class level.

Mean+SD
Colon Microbiota p-value
LLD Group (n=10) CA Group (n=10) CO Group (n=10)

Bacilli 94,608.00+4,059.34 25,006.50+3,969.22 76,526.40+1,960.28 <0.001**"
Clostridia 12,828.80+696.06 34,205.10+2,581.44 24,961.30+2,732.08 <0.001**
Bacteroidia 19,182.50+724.78 15,771.50+2,228.58 11,307.80+700.80 <0.001**"
Gammaproteobacteria 7,438.90£317.25 5,180.20+£154.68 4,256.10+142.20 <0.001*"
Negativicutes 8,354.60+263.30 2,302.20+259.70 1,613.80+309.90 <0.001*"
Clostridia 2 382.00+13.50 1,282.60+135.90 290.80+46.50 <0.001**
Spirochaetia 182.60+16.50 923.40+122.90 301.70+34.70 <0.001*°
Coriobacteriia 596.00+£96.50 811.90+74.80 770.40£62.20 <0.001*"
Desulfovibrionia 523.10+49.40 807.90+70.80 107.50+14.06 <0.001**"

*Significant if p<0.05, *analyzed with One-way ANOVA, Panalyzed with Kruskal-Wallis.
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Table 4. Alpha diversity.
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Group Osb;::i:esd Shannon Simpson Chaol ACE Conoe(;:sge PDTz:ole
LLD 465 5.08 0.94 570.21 558.10 1.00 38.76
CA 675 6.96 0.98 675.87 677.86 1.00 52.19
CO 598 5.58 0.95 656.10 650.19 1.00 47.95

GC content, Q20, and Q30, are vital for understanding the
reliability and accuracy of the obtained data. Comparing
these samples provides valuable information on microbial
diversity differences, offering insights into microbial
composition and potential ecological interactions within the
samples.(29-31)

Furthermore, the implications of these findings in
a research context are substantial. The data from NGS
amplicon metagenomic sequencing can guide further
research directions, including investigating the functional
potential of the microbiota, exploring microbial interactions,
and understanding microbiota dynamics in response to
environmental changes. The findings also pave the way
for longitudinal studies to assess temporal dynamics of
microbial diversity and intervention studies to elucidate

|
0 0.3 0.6
Beta Diversity

Figure 4. Beta diversity heatmap, which each grid represents
dissimilarity coefficient between pairwise samples. Color
differences indicate how similar or different of taxonomic diversity
among these groups based on Weighted UniFrac distance value
(above) and Unweighted UniFrac distance value (below). The
Weighted UniFrac distance gives comparatively more importance
to abundant lineages, while the Unweighted UniFrac distance
gives more importance to rare lineages. The highest beta diversity
value in Weighted UniFrac results was 0.448 between LLD and
CA groups, whereas the lowest value was 0.220 between LLD
group itself. Unweighted UniFrac results showed the highest
value (0.344) was in LLD group, whereas the lowest value
(0.281) between CA and LLD groups. The smaller the discrepancy
coefficient between two groups, the smaller the difference in
species diversity and vice versa.
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the impact of specific environmental factors on microbiota
composition and function.(32,33)

The analysis of sequencing results involved the
detection of numerous sequences from environmental
studied
environment. OTU and ASV analyses were crucial for

samples, originating from bacteria in the
characterizing taxonomic profiles and enhancing data
interpretation. The taxonomic annotation obtained from
OTU or ASV provides essential information about bacterial
taxonomy, aiding in the display of Relative Abundance
more interactively.(33) OTU and ASV play pivotal roles in
annotating the taxonomy of obtained bacterial sequences.
The taxonomic annotation offers insights into the taxonomy
of bacteria at various levels, facilitating the efficient
analysis of relative bacterial abundance. The use of NGS
technology, particularly OTU and ASV analyses, has
significantly advanced microbial ecology research. These
approaches contribute to unraveling taxonomic composition
and community diversity, enhancing the interpretation of
sequencing data.(34)

Practical implications of employing OTU and ASV in
microbial ecology research are significant. These methods
allow researchers to assess microbial diversity, community
dynamics, and ecological interactions at high resolution,
improving our understanding of microbial ecosystems.(34)
However, challenges such as bacterial contamination in
NGS datasets and variability in taxonomic annotation across
different sequencing regions need addressing to ensure the
accuracy and reliability of microbial diversity assessments.
The choice between OTU and ASV methodologies is
crucial, considering the trade-offs between sensitivity and
specificity in microbial diversity analysis.(35)

However, the rat model for CRC used in this study
might not fully replicate the complexities of human CRC.
While the findings suggest that L. lactis D4 modulates
gut microbiota and may offer therapeutic benefits, the
applicability of these results to human cases of CRC remains
uncertain. Further studies are required to determine whether
these effects can be translated to human clinical settings, and
should explore the feasibility of clinical trials in humans,
focusing on safety, optimal dosing, and long-term effects of
L. lactis D4 in CRC prevention and treatment.
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Conclusion

This study demonstrated that L. lactis D4 treatment
significantly altered gut microbiota composition, increasing
sequence reads and reducing dysbiosis in a CRC model. The
group of CRC-induced rats that were treated with L. lactis
D4 showed a microbiota profile more similar to untreated
rats than CRC-induced rats, with Firmicutes as the dominant
phylum and Bacilli most prevalent at the class level. These
findings suggest that L. lactis D4 restores gut microbiota
balance and decreases colorectal tumorigenesis in colitis-
associated CRC.
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