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ABSTRACT

Background and Objectives: Colorectal cancer (CRC) is a leading malignancy with multifactorial etiology, including ge-
netic, environmental, and microbial factors. Bacteria such as Helicobacter pylori, pks* bacteria, Enterococcus faecalis, and
Bifidobacterium bifidum have been linked to CRC, though their roles remain controversial. Some may promote inflammation
and genotoxicity, while others may confer protective effects. This study assessed the presence and relative abundance of these
bacteria in colorectal FFPE tissue samples.

Materials and Methods: This case-control study included three groups of FFPE tissue samples: tumor tissues from CRC
patients (Tumor, n=50), normal tissues adjacent to tumors (Adjacent, n=50), and normal tissues from non-CRC individ-
uals (Normal, n=30). Sections were prepared with a microtome, and bacterial gene copy numbers were quantified using
species-specific primers and quantitative real-time PCR, normalized to human GAPDH. Associations with age, sex, and
neoplastic type were analyzed (p < 0.05).

Results: B. bifidum was significantly higher in Adjacent tissues compared to Tumor and Normal (p < 0.0001). H. pylori
detection increased progressively from Normal to Adjacent to Tumor tissues (p = 0.002). pks* bacteria were detected only in
individuals >60 years (p = 0.014). E. faecalis load was higher in Tumor tissues of females and older adults, though overall
presence did not differ significantly among groups.

Conclusion: Enrichment of B. bifidum and increased H. pylori detection near tumors suggest the tumor microenvironment
favors bacterial persistence. Age- and sex-related patterns in pks* and E. faecalis highlight host influences on microbial dis-
tribution in CRC, supporting further mechanistic studies.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most com-
monly diagnosed malignancies worldwide and ranks
as the third most prevalent cancer in many developed
countries (1). Although approximately 15% of CRC
cases are attributed to hereditary factors, the ma-
jority (about 85%) are linked to environmental and
lifestyle risk factors such as smoking, alcohol con-
sumption, obesity, physical inactivity, type 2 diabe-
tes, high-fat and red meat diets, and insufficient fiber
intake (2). In recent years, the role of gut microbiota
has gained increasing attention as a significant con-
tributor to CRC pathogenesis (3).

Certain bacterial species have been implicated in
the initiation and progression of CRC by promoting
chronic mucosal inflammation, inducing epithelial
DNA damage, and disrupting host immune respons-
es. Several studies have confirmed associations be-
tween CRC and specific bacteria, including Strepto-
coccus bovis, enterotoxigenic Bacteroides fragilis,
Clostridium septicum, Fusobacterium species, and
pks* bacteria (1, 4-7).

Among these, pks* bacteria are of particular in-
terest due to their ability to produce colibactin, a
genotoxin encoded by the polyketide synthase (pks)
genomic island. Colibactin interferes with the eu-
karyotic cell cycle, causing DNA damage, cell cy-
cle arrest, and potentially carcinogenic mutations
(1, 8, 9). Throughout this manuscript, “pks* bacte-
ria” refers to organisms carrying the pks island, not
exclusively pks™ E. coli, as this genomic island can
be found in multiple Enterobacterales, including
E. coli, Klebsiella pneumoniae, Enterobacter aero-
genes, and Citrobacter koseri (10).

The role of other microorganisms such as Heli-
cobacter pylori and Enterococcus faecalis in CRC
development remains controversial. Although a few
specific strains of E. faecalis have been identified
for their probiotic properties, their use is limited to
strain-specific preparations, and most reports high-
light the organism’s potential carcinogenicity (11, 12).
These harmful effects are attributed to its production
of extracellular superoxide and reactive oxygen spe-
cies (ROS), which can promote genomic instability
and damage colonic epithelial DNA. Additionally, E.
faecalis has been shown to produce metalloprotein-
ases that may compromise the intestinal epithelial
barrier and trigger inflammation (2).

Following the well-established role of H. pylori in
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gastric cancer, research has increasingly explored its
potential involvement in colorectal carcinogenesis.
Two meta-analyses published in 2006 and 2008 sug-
gested a positive association between H. pylori infec-
tion and increased CRC risk. Proposed mechanisms
include alterations of the colonic microbiota, direct
colonization of the colon causing chronic inflamma-
tion, and bacterial toxin production (13-15).
Supporting this, some studies have found signifi-
cantly higher H. pylori copy numbers in cancerous
colorectal tissues compared to normal controls, sug-
gesting a possible microbial contribution to tumor
development (15). While H. pylori, pks" bacteria,
and E. faecalis are implicated as potential CRC-pro-
moting pathogens, the evidence regarding their roles
remains controversial. In contrast, certain commen-
sal species, such as Bifidobacterium bifidum, are be-
lieved to exert protective effects. As a well-known
member of the healthy gut microbiota, B. bifidum
demonstrates anti-inflammatory and anticancer
properties, including immune modulation and sup-
pression of pathogenic bacteria (16). Although some
studies have examined the presence of Bifidobacteri-
um species within colorectal tumor tissue, the specific
distribution and tissue-level behavior of these bacte-
ria in CRC remain insufficiently characterized (17).
Iran exhibits distinct CRC incidence trends and
microbial exposure patterns compared with many
Western and Asian populations (18), suggesting
that regional epidemiology may shape unique mi-
crobiome—CRC relationships. Despite this, data on
tissue-based microbial patterns in Iranian CRC pa-
tients remain scarce. Given these gaps and the scar-
city of data from lranian populations, the present
study aimed to investigate the gene copy numbers of
H. pylori, pks* bacteria, E. faecalis, and B. bifidum
in formalin-fixed paraffin-embedded (FFPE) colonic
tissues from CRC patients and non-CRC controls in
western Iran. This investigation also contributes re-
gion-specific data from western Iran, where dietary
habits, environmental exposures, and CRC epidemi-
ology differ from many previously studied popula-
tions, potentially shaping distinct microbial patterns.

MATERIALS AND METHODS
Retrieval of formalin-fixed paraffin-embedded

(FFPE) tissue blocks and associated patient data.
In accordance with previous studies (19), we analyzed
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a total of 130 FFPE colorectal tissue samples. These
comprised: tumor tissues from CRC patients (n=50)
[Tumor], histologically normal tissues adjacent to the
tumor from the same patients (n=50) [Adjacent], and
normal colonic tissues from individuals without ma-
lignancy (n=30) [Normal]. This third group served as
a control to strengthen the comparative analysis.

The FFPE tissue blocks were selected from the
pathology archive of Imam Reza Hospital, Kerman-
shah. Subsequently, microscopic re-evaluation of the
corresponding FFPE tissue slides was performed by a
pathologist to confirm the previous diagnosis.

In a retrospective review, patients’ medical records
were examined to extract relevant clinical informa-
tion, including colorectal cancer characteristics, and
demographic data such as age and sex, which were
recorded for further analysis.

This study was conducted in accordance with the
Declaration of Helsinki and relevant national guide-
lines and regulations. The Normal FFPE blocks were
obtained from individuals who had undergone colo-
noscopy or surgical procedures for non-malignant
conditions, and whose pathology reports confirmed
the absence of malignancy. These samples were an-
onymized archival specimens. In accordance with
institutional and national regulations, the Ethics
Committee approved the use of these archived ma-
terials and waived the requirement for individual in-
formed consent. The ethical approval was obtained
from the Ethics Committee of llam University of
Medical Sciences (Approval Code: IR.MEDILAM.
REC.1402.123).

Sectioning of FFPE tissue samples and DNA ex-
traction. From each FFPE tissue block, a 3-microme-
ter-thick section was cut by a trained technician using
a microtome. The sections were then placed into 1.5
mL microtubes for further processing.

DNA was extracted from the FFPE tissue samples
using the SinaPure DNA-FFPE Tissue DNA Ex-
traction Kit (Sinaclon, Iran), according to the manu-
facturer’s instructions.

The quality and quantity of the extracted DNA
were measured using a NanoDrop spectrophotom-
eter, and the extracted DNA samples were stored at
-80°C until further use.

Preparation of standard bacterial strain DNA.

DNA of H. pylori, E. coli ATCC (as a representative
of pks™ bacteria (20-22)), and E. faecalis ATCC 29212
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were purchased from the Research Center of Shahed
University, Tehran. The concentration and purity of
the extracted DNAs were subsequently re-measured
using a NanoDrop spectrophotometer (ND1000,
USA) to confirm their quality.

Standard curve generation using DNA from
standard bacterial strains. PCR was performed
using primers designed to detect diagnostic genes
of the respective bacteria (Table 1). Subsequently,
serial 10-fold dilutions (7 dilutions) of the amplified
gene fragments were prepared for quantification (1:1,
1:10, 1:100, 1: 1,000, 1: 10,000, 1: 100,000, and 1:
1,000,000).

The gPCR reaction mixtures for all seven dilu-
tions were prepared according to the listed volumes
(Table 2). The reactions were then run, and the rela-
tive standard curve was generated using the Applied
Biosystems StepOnePlus Real-Time PCR System
(USA) under the conditions described (Table 3).

Note: The DNA dilution steps and standard curve
generation were also performed for the human GAP-
DH gene. This allowed normalization of the bacteri-
al copy number results against this human reference
gene, accounting for possible variations in the amount
of extracted DNA among samples and preventing in-
terference in the calculations.

Quantification of bacterial copy number in
FFPE tissue samples by quantitative real-time
PCR (gPCR). In this study, we investigated the as-
sociation between the copy numbers of H. pylori,
pks* bacteria, and E. faecalis and CRC. Quantitative
real-time PCR (QPCR) was performed on DNA from
patients' FFPE tissues using the primers in Table 1,
with reaction volumes and conditions identical to
those used for the standard curve (Tables 2 and 3).
Ultimately, the bacterial copy numbers in the FFPE
tissues were calculated by substituting the obtained
Ct values into the standard curve equation Y= mX +
C, where Y is the Ct value, m is the slope of the best-
fit line, X is the logarithm of the concentration/copy
number, and C is the Y-intercept (the point where the
best-fit line crosses the Y-axis).

Note: The copy number obtained for each bacte-
rium was normalized to the human reference gene
GAPDH to account for potential variations in DNA
extraction between samples and to prevent interfer-
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Table 1. The primer sequences used in this study

Gene Bacteria Primer sequence 5" to 3' Product Tm Reference
detected (Forward/Reverse) size (bp) (°C)
UreC Helicobacter pylori 5'- TATCACTCCAGGTAGAAGA -3' 103 59 The Present study
5'- CATCGTTAGAAGCGTTA-3' 59
Colibactin B pks+ bacteria 5'- TGACGGTATTGATGCTAT -3' 102 56.8  The Present study
5'- TTGACTGAATAAGGTAGG -3' 56.1
gyrB Enterococcus faecalis 5- GTTGGTTCCTCTGTTGTT -3' 92 61 The Present study
5'- ACGACGATATTCTTGGTAGTA-3' 61.3
16S rRNA  Bifidobacterium bifidum  5-CTGGCAGCCGTGACACTACT-3' 102 62.16 (23)
5-TGAACTGGCCGTTACGGTCT-3' 61.47
GAPDH Homo sapiens 5'- CTCTCCCATCCCTTCTC -3' 88 60.9  The Present study
5-GTTGCCTGTCCTTCCTA-3' 61.4
Table 2. The gPCR reaction mixture volumes used for the detection of targeted genes
Materials Used for ureC colibactinB gyrB 16S rRNA GAPDH
gPCR (uL) (Helicobacter pylori) (pks+ bacteria) (Enterococcus faecalis) (Bifidobacterium (Homo sapiens)
bifidum)
2xqPCR BIOSyGreen Mix 10 10 10 10 10
(SYBRGreen High Rox)
Forward primer (10uM) 0.8 0.8 0.8 0.8 0.8
Reverse primer (10puM) 0.8 0.8 0.8 0.8 0.8
DNA 1 1 1 1 2
Water 7.4 7.4 7.4 7.4 6.4
Table 3. Thermal cycling conditions for gPCR
Steps Time Temperature (°C) Cycles
Polymerase Activation 2 min. 95 1
Denaturation 5 sec. 95
57 for H. pylori
60 for pks + bacteria
Annealing/Extension 20-30 sec. 58 for E. faecalis 40
56 for B. bifidum
60 for GAPDH

ence in the calculations. Hence, the qPCR data reflect
relative abundance normalized to a human reference
gene (GAPDH), and do not represent absolute bacte-
rial load.

During the gPCR, in addition to the no-template
control (NTC), negative DNA extraction controls—
microtubes containing only kit buffers without tissue
samples—were randomly included to monitor poten-
tial contamination from the kit reagents or environ-
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ment. Furthermore, paraffin-only samples separated
from the FFPE blocks (without tissue) were also test-
ed to rule out contamination of the paraffin material
with any of the three target bacterial species. Bacteri-
al DNA was used as the positive control.

Analysis of the association between bacterial

copy number, colorectal cancer, and patient demo-
graphic data using statistical methods. To investi-
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gate potential associations between bacterial profiles
and clinicopathological factors, initial comparisons
were conducted using ANOVA, t-tests, and Chi-
square analyses. These were subsequently followed
by multiple linear regression (to assess bacterial load)
and logistic regression (to evaluate presence/absence),
offering additional insight into predictive relation-
ships.

Ethics approval and consent to participate. This
study was conducted in accordance with the Declara-
tion of Helsinki and relevant national guidelines and
regulations. Ethical approval was granted by the Eth-
ics Committee of Ilam University of Medical Scienc-
es (Approval Code: IR.MEDILAM.REC.1402.123).

RESULTS

FFPE tissue blocks and associated patient data.
This study analyzed 130 samples: 50 tumor [Tumor]
and 50 adjacent [Adjacent] tissues from CRC patients,
and 30 normal [Normal] tissues from controls. Their
demographic and clinical data are shown in Table 4.
Histologically, 95% of CRC cases were adenocarci-
nomas.

Associations between bacterial markers, demo-
graphic factors, and CRC. The copy number ob-
tained for each bacterium was normalized to the hu-
man reference gene GAPDH; thus, the term "copy

number" refers to values normalized against GAPDH
[i.e., log (copy number of bacteria/copy number of
GAPDH)].

The number of positive samples, relative copy num-
bers, and the mean Ct values for each bacterium in
normal and tumor tissues are summarized (Table 5).

The limit of detection (LOD) of the assay, deter-
mined by serial dilution of bacterial DNA, was ap-
proximately 102 copies for H. pylori and about 10 cop-
ies for the other bacterial strains. Samples with cycle
threshold (Ct) values above 35 were considered un-
reliable and excluded from the final statistical analy-
ses. Negative controls, including no-template controls
(NTCs), consistently showed no amplification up to
cycle 40; in rare instances where late signals emerged
(Ct 38-40), they were interpreted as background noise
attributable to non-specific amplification rather than
true bacterial presence.

Helicobacter pylori. For H. pylori, one-way ANOVA
(FIG.1a) and multiple linear regression both revealed
no significant differences in bacterial load across Tu-
mor, Adjacent, and Normal tissues (p > 0.05). In other
words, the amount of H. pylori remained similar in all
tissue types.

However, Chi-square analysis (p = 0.007; Table 5)
confirmed a significant association between tissue
type and H. pylori presence, and logistic regression (p
= 0.002) further demonstrated a progressive increase
in detection rates from Normal to Adjacent and finally
to Tumor tissues (FI1G.2a). This implies that although

Table 4. Baseline demographic and clinical variables among Tumor?, Adjacent?, and Normal?® tissue Groups

Variables Tumor Adjacent Normal P value
(n=50) (n=50) (n=30)
Cancer type Adenocarcinoma 48 (96) 48 (96) 0(0) "<0.001
Gastrointesinal stromal tumor 1(2) 0(0) 0(0)
Mucinous adenocarcinoma 1(2) 1(4) 0(0)
Gender Female 22 (44) 22 (44) 10 (33.3) #0.582
Male 28 (56) 28 (56) 20 (66.7)
Age 57+15.1 57+15.1 64.7 +15.9 #0.055
(32 to 85) (32to 85) (27 1o 88)
Tumor tissues from CRC patients
2Normal tissues adjacent to CRC tissues from the same patients
3Normal tissues from non-CRC individuals
“Chi-squared test
TANOVA test
“Significantat p < 0.05
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Table 5. Distribution, relative copy numbers, and mean Ct values of bacteria across three tissue groups

Qualitative assessment: Tumors? Adjacent-Normal? Normal 3 P value
number (%) of patients testing positive (n=50) (n=50) (n=30)
Helicobacter pylori
Yes 39 (78) 24 (48) 10 (33.3) #0.007*
No 11 (22) 26 (52) 20 (66.7)
Pks+ Bacteria
Yes 1(2) 2(4) 3 (10) #0.274
No 49 (98) 48 (96) 27 (90)
Enterococcus faecalis
Yes 10 (20) 18 (36) 6 (20)
No 40 (80) 32 (64) 24 (80) #0.130
Bifidobacterium bifidum
Yes 18 (36) 16 (32) 17 (56.7)
No 32 (64) 34 (68) 13 (43.3) #0.593
Mean and Range values of Ct
Helicobacter pylori 32.89+0.98 32+13 33.22+1.16 '0.017*
(31.49 to 35) (31.31t0 34.14) (32.39 t0 34.02)
Pks+ Bacteria 3415+ - 34.24 £3.43 32.11+3.73 10.408
(33.151t0 34.15) (33.81 to 35.66) (28.70 to 34.10)
Enterococcus faecalis 34.49+2.19 34.28 +3.22 32.90+0.92 0.185
(30.51 to 35.25) (28.29 t0 34.73) (32.01 to0 33.88)
Bifidobacterium bifidum 33.68+2.98 3478+15 32.31+2.79 <0.001*
(29.61 to 35) (33.85 t0 34.29) (27.24t0 34.21)
Log (copy no. of DNA/copy no. of GAPDH)*
Helicobacter pylori -4.26 £0.3 -4.4 +0.58 -4.16 + 0.63 0.267
(-5.01to -3.65) (-5.35t0-3.04) (-5.11 to -2.35)
Pks+ Bacteria -4.94 +0.87 -39+0.1 -2.8+0.44 0.070
(-5.56 to -4.33) (-3.91t0-3.9) (-3.13t0 -2.3)
Enterococcus faecalis -4.83 +1.08 -4.61+0.78 -3.96 £ 0.51 10.150
(-6.6 t0 -2.89) (-5.6t0 -3.31) (-4.74 10 -3.35)
Bifidobacterium bifidum -5.16 £0.71 -4.08 £ 1.04 -5.48 £0.45 1<0.001*

(-5.87 to -2.24)

(-5.58 to -1.52)

(-6.14 to -4.51)

Tumor tissues from CRC patients

2Normal tissues adjacent to CRC tissues from the same patients

3Normal tissues from non-CRC individuals

“The negative values indicate a lower copy no. of bacteria compared to GAPDH

#Chi-squared test
TANOVA test
*Significant at p < 0.05

the overall load does not vary, the likelihood of detect-
ing H. pylori increases with proximity to tumor tissue.

Subgroup analysis further revealed that in females,

positive cases for each bacterial species is summa-
rized in Table 6.

H. pylori load was significantly lower in Tumor tis-
sue compared to Normal (p = 0.03), and a borderline
higher load was found in Normal tissue of females
compared to males (p =~ 0.05). Gender distribution of

Pks+ bacteria. For pks* bacteria, no significant dif-
ferences in bacterial load were observed across the
three tissue groups, as shown by ANOVA and t-tests
(Fig. 1b), and further supported by multiple linear
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Table 6. Gender distribution of positive cases for each bacterial species

Bacteria Number of Males positive ~ Number of Females positive P value! e
(%) (%)

Helicobacter pylori 32 (54.2) 27 (45.8) 0.133 2.26

pks+ Bacteria 4 (80.0) 1(20.0) 0.637 0.22

Enterococcus faecalis 13(54.2) 11 (45.8) 0.654 0.2

Bifidobacterium bifidum 33(67.3) 16 (32.7) 0.146 211

1P values are based on Chi-square tests for gender distribution among positive cases.
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regression (p > 0.05 for all predictors). This is like-
ly due to the low detection rate—only 6 positive cas-
es (2 Tumor, 1 Adjacent, 3 Normal) were identified
(Table 5)—which limited statistical power. Therefore,
all findings related to pks* bacteria should be inter-
preted descriptively rather than inferentially due to
insufficient statistical power for reliable group com-
parisons.

Nonetheless, logistic regression identified age as a
significant predictor of pks* bacterial presence (p =
0.014), with all positive cases found in patients aged
60 or older (Table 7 and Fig. 2b). No associations
were found with tissue type or sex.

Enterococcus faecalis. In the case of E. faeca-
lis, ANOVA and multiple linear regression (Fig. 1c)
showed no significant difference in bacterial load
across tissue groups. Similarly, Chi-square analysis
showed no difference in bacterial presence across tis-
sues (p > 0.05; Table 5), while logistic regression re-
vealed only a borderline trend (p = 0.065).

However, subgroup analysis found that bacteri-
al load was significantly higher in Tumor tissues of
females (p < 0.01) and individuals aged 60 or older
(p = 0.04). These results suggest that E. faecalis may
be more abundant—but not necessarily more fre-
quently present—in Tumor tissues of older adults and
females.

Bifidobacterium bifidum. B. bifidum showed a dis-
tinctly localized enrichment pattern. ANOVA indi-
cated that Adjacent tissues had significantly higher
bacterial load compared to both Tumor and Normal
tissues (p < 0.0001), with no significant difference be-
tween Tumor and Normal (p = 0.3947) (Fig. 1d). This
enrichment was consistent across age groups (Table
7) and unaffected by sex. Logistic regression showed
no significant association between B. bifidum presence
and tissue type or age (p > 0.05), though a borderline
trend with sex was observed (p ~ 0.078-0.107). Over-
all, B. bifidum presence rate is not tissue-dependent,
but when the bacterium is present, it is significantly
enriched in Adjacent tissues. This suggests that the
microenvironment near tumors may favor coloniza-
tion and growth of B. bifidum.

DISCUSSION

Colorectal cancer (CRC) is one of the most common
malignancies worldwide, including in Iran (18). Its
pathogenesis is multifactorial, involving genetic pre-
disposition, environmental exposures, dietary habits,
and increasingly, the role of the gut microbiome. In
recent years, considerable attention has been devoted
to the potential impact of specific bacterial species—
particularly Helicobacter pylori, pks® Escherichia

Table 7. Distribution of bacterial species across tissue groups stratified by age (<60 Years vs. >60 Years)

Tissue type CRC Tumors! Adjacent-Normal? Non-CRC Normal® P value*
Bacteria (n=50) (n=50) (n=30)

Number of positive cases (%)
Helicobacter pylori <60 yrs >=60 yrs <60 yrs >=60 yrs <60 yrs >=60 yrs 1.0
83 (100) 18 (21.69) 21 (25.30) 13 (15.66) 11 (13.25) 7(8.43) 13(15.66)
pks" Bacteria 0(0) 2 (33.33) 0(0) 1 (16.67) 0(0) 3 (50) >0.05
6 (100)
Enterococcus faecalis 9 (26.47) 9(26.47) 3(8.82) 7 (20.59) 1(2.94) 5(14.71) 1.0
34 (100)
Bifidobacterium bifidum 17 (20.48) 15 (18.07) 18 (21.69) 16 (19.28) 7(8.43) 10(12.05) >0.05

83 (100)

Tumor tissues from CRC patients

2Normal tissues adjacent to CRC tissues from the same patients

3Normal tissues from non-CRC individuals
“4Chi-squared test
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significantly from Normal to Adjacent to Tumor tissues (p
=0.002; ***).

(b) Predicted probability of pks® bacterial presence by age
group. A significantly higher detection rate was observed in
individuals aged >60 years (p = 0.014;*).

Error bars in both panels represent the standard error of the
predicted probabilities.

coli, Enterococcus faecalis, and Bifidobacterium
bifidum—on CRC initiation and progression. The
present study aimed to investigate the association of
these four bacterial groups with CRC by examining
their relative abundance and detection across CRC
tumor tissues (Tumor), normal tissues adjacent to
tumor (Adjacent), and non-cancerous control tissues
(Normal) in FFPE samples using qPCR. Additional-
ly, demographic variables including patient age and
sex were considered to explore possible host-microbe
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interactions that could modulate these associations.
Our results showed that H. pylori load remained sim-
ilar across all three tissue types. However, the like-
lihood of detecting the bacterium increased progres-
sively from Normal to Adjacent to Tumor tissues.
This pattern suggests that while H. pylori is present
at comparable levels in tissues harboring the bac-
terium, its detection is more likely in tissues closer
to cancerous regions. A possible explanation is that
tumor-adjacent and tumor tissues create a more per-
missive microenvironment for bacterial persistence
or detection. Cancer-associated changes—such as
mucosal barrier disruption, local immune suppres-
sion, tissue remodeling, or altered pH—may reduce
bacterial clearance or enhance survival of existing
microbes. Clinically, this may imply that H. pylori
is not necessarily proliferating more in tumors but
is more stably retained or less effectively eliminated
in these regions, potentially contributing to localized
inflammation or immune modulation near neoplastic
areas.

These observations may help reconcile conflicting
findings in the literature. Large-scale epidemiologi-
cal and Mendelian randomization studies have gen-
erally found no strong causal link between H. pylori
infection and colorectal cancer (CRC) risk (24, 25),
consistent with our finding of stable bacterial load
across tissue types. On the other hand, several clin-
ical studies have reported increased H. pylori prev-
alence in CRC patients (25, 26), which aligns with
our detection-based results showing higher presence
rates near tumor tissue. This discrepancy may reflect
H. pylori’s primary adaptation to the gastric envi-
ronment and its potentially transient or opportunistic
colonization of the colon.

Additionally, subgroup analyses revealed a signifi-
cantly lower H. pylori load in Tumor tissue compared
to Normal tissue among females, and a borderline
higher load in Normal tissues of females compared
to males. These findings may point to sex-specific
host-microbiota interactions, potentially influenced
by hormonal or immune factors.

Turning to pks* bacteria, no significant differences
in the load of bacteria were observed across tissue
groups, and detection rates were notably low—only
6 positive cases. Nevertheless, logistic regression
identified age as a significant predictor of pks™ bac-
terial presence, with all positive detections occurring
in patients aged >60 years. This suggests that while
these bacteria are not enriched in Tumor tissues, they
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may be more prevalent in older individuals, possibly
due to age-related shifts in gut microbiota or immune
status. However, because only six samples were pos-
itive overall, any observed associations, such as the
age-related trend, must be considered exploratory
rather than conclusive.

Although previous studies have suggested a link
between pks* E. coli and CRC through colibactin-in-
duced DNA damage (27, 28), our findings suggest
that their presence alone—especially at low abun-
dance—may not be a reliable biomarker in CRC
pathogenesis. Moreover, pks* strains are found in
10-20% of healthy individuals (29), further empha-
sizing the need for context-dependent interpretation.

As for Enterococcus faecalis, analyses revealed no
significant difference in overall bacterial load across
tissue groups. Logistic regression showed a border-
line association in bacterial presence across tissues,
suggesting limited discriminatory power across tis-
sue types.

However, subgroup analyses revealed that bacterial
load was significantly elevated in Tumor tissues of
females and individuals aged >60. This pattern sug-
gests that while the overall frequency of detecting
E. faecalis (presence/absence) does not vary signifi-
cantly across tissues or demographic groups, when
the bacterium is present in Tumor tissues of older
individuals or females, it tends to exist at higher con-
centrations.

This could reflect host-specific or age-related
changes that allow E. faecalis to proliferate more ef-
ficiently once established.

These nuanced findings align with the broader lit-
erature describing the dualistic role of E. faecalis in
CRC. Some studies suggest protective effects, in-
cluding immune activation or induction of tumor cell
apoptosis (11, 12), while others implicate the bacte-
rium in pro-carcinogenic mechanisms such as DNA
damage via reactive oxygen species (30). Such op-
posing effects may depend on strain variability, local
immune context, or microbial competition within the
tumor microenvironment. Therefore, the observed
increase in E. faecalis load among specific subgroups
may signal a context-dependent role in tumor biolo-
gy that warrants further functional investigation.

Finally, B. bifidum exhibited a distinct spatial dis-
tribution. Its abundance was significantly higher in
Adjacent tissues compared to both Tumor and Nor-
mal tissues, which did not differ from each other.
This enrichment pattern was consistent across age
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groups (<60 and >60 years) and was not influenced
by sex. Although logistic regression revealed no sig-
nificant association between B. bifidum presence and
tissue type or age, a borderline trend toward higher
detection in males was observed.

These findings suggest that while B. bifidum can
be present in all tissue types, it is specifically en-
riched in the peritumoral microenvironment, likely
facilitated by tumor-associated alterations in nutri-
ent availability, immune activity, or local signaling.
This localized enrichment raises important questions
about its functional role—whether protective, harm-
ful, or neutral—in cancer progression and under-
scores the need for mechanistic studies.

Overall, although this study did not identify strong
associations between total bacterial copy number
and colorectal cancer (CRC) at the population lev-
el, several biologically meaningful patterns never-
theless emerged. H. pylori detection increased with
tissue pathology, especially in females; E. faecalis
showed age- and sex-specific enrichment; pks* bac-
teria were detected only in older individuals; and B.
bifidum was most abundant in Adjacent tissues, in-
dependent of age or sex. These patterns differ from
some earlier reports that describe reduced B. bifidum
and increased E. faecalis or pks™ E. coli directly
within tumor tissue. In our cohort, however, the dis-
tribution of these bacteria appeared to be influenced
more by demographic factors or by the microenvi-
ronment surrounding the tumor rather than by the
tumor tissue itself. While these trends do not imply
causality, they underscore that microbe-host inter-
actions in CRC can vary across populations and may
be shaped by both biological context and local tissue
conditions.

CONCLUSION

This study reveals distinct and biologically relevant
microbial patterns associated with colorectal can-
cer (CRC). Most notably, Bifidobacterium bifidum
exhibited a marked enrichment in Adjacent tissues,
independent of age or sex, suggesting a localized
response within the tumor-associated microenviron-
ment. Additionally, Helicobacter pylori was more
frequently detected in Tumor and Adjacent tissues,
pointing to enhanced persistence near cancerous re-
gions despite stable overall load.

Age- and sex-specific trends were also observed:
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pks* bacteria were found exclusively in individuals
aged >60, while Enterococcus faecalis showed ele-
vated abundance in Tumor tissues of older adults and
females. Although bacterial abundance for individ-
ual species did not differ significantly across tissue
groups for most species, these presence-based and
demographic patterns underscore the potential influ-
ence of tumor proximity and host factors in shaping
microbial distribution.

Collectively, these findings highlight nuanced mi-
crobial shifts potentially influenced by tumor prox-
imity and host factors. Notably, such patterns may
not be apparent through bulk abundance analyses
alone, underscoring the need for further investigation
into their roles in CRC pathogenesis and progression.

Limitations and future directions. A key limita-
tion of this study is the use of FFPE samples, which
may compromise DNA quality and reduce assay sen-
sitivity. Furthermore, qPCR performed on FFPE-de-
rived DNA cannot distinguish live from dead bacte-
ria, and therefore the detected microbial signals may
reflect residual, degraded, or translocated bacterial
DNA rather than true active colonization. Related-
ly, detection of H. pylori DNA in colonic tissue does
not establish physiological mucosal colonization, as
confirmation would require histological visualiza-
tion or in situ imaging, data that were not available
in this study. Additionally, the very small number of
pks*-positive samples (n = 6) precludes robust statis-
tical inference, and therefore all pks*-related find-
ings should be regarded as descriptive and non-de-
finitive. Moreover, clinical metadata such as tumor
stage, prior antibiotic or probiotic use, and dietary
or lifestyle information were unavailable, precluding
more detailed stratified analyses. Furthermore, the
bacterial patterns observed in this study were influ-
enced more by host-related factors (age, sex) and by
the peri-tumoral microenvironment than by tumor
tissue itself, which limits the strength of conclusions
regarding CRC-specific microbial associations.
Future studies should:

« Utilize fresh tissue specimens to ensure high DNA
integrity.

* Include larger, well-characterized cohorts.

« Perform functional assays to assess the biological
effects of specific bacterial strains.

* Incorporate metagenomic or metatranscriptomic
profiling.

« Account for clinical variables such as cancer stage,
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molecular tumor phenotypes, and host immune/hor-
monal profiles.
* Apply histological or in situ validation of bacterial
presence (e.g., for H. pylori).
» Employ methods that distinguish live from dead
bacteria.

The implementation of these strategies will better
elucidate the potential contributions of the gut micro-
biome to CRC pathogenesis and progression.
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