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ABSTRACT

Colon cancer, a leading cause of death, demands early detection. We evaluate serum S100
calcium-binding protein A12 (S100A12) and diamine oxidase (DAO) effects on gut
dysbiosis/immunity and their combined diagnostic value.

This retrospective study included 105 colon cancer patients (study group), 90 benign lesions, and
105 matched healthy controls:Serum S100A12 and DAO were measured by ELISA (enzyme-linked
immunosorbent assay): Gut flora (Escherichia colt, Enterococeus faecalis, Bifidobacterium, Lactobacillus) were
cultured; T cell subsets (CD4*, CD8%, Treg) by flow cytometry. Patients were stratified by median
levels into high/low groups. Correlations and diagnostic efficacy wete assessed using Pearson test
and ROC (receiver operating charactetistic) analysis.

Baseline data were comparable among three groups. Fecal flora (E. cof, E. faecalis, Bifidobacterinm,
Lactobacillus) and T cells (CD4+, CD8%, regulatory T cells) differed significantly. Serum S100A12 and
DAO were elevated in colon cancer vetsus benign/control groups. High/low subgroups showed
disparities in flora and T cells. S100A12 and DAO positively correlated with E. co/i/ E. faecalis, CD8*
T, and Treg, but negatively with Bifidobacterium, Lactobacillus, and CD4* T. The cancer group had
teduced CD4* and €CD4*/CD8" ratio, and elevated CD8* and Treg. Combined S100A12+DAO
detection outperformed single markers

Elevated serum S100A12and DAO in colon cancer are associated with gut microbiota dysbiosis
and immune dystegulation. Their combination shows promise as a potential biomarker for eatly
diagnosis and disease evaluation.

Keywords: Amine oxidase (Copper-Containing); Colonic neoplasms; Gastrointestinal microbiome;
Immunity; ST00A12 protein

INTRODUCTION cancer-related mortality worldwide. With the change in

dietary structure and the acceleration of the aging

Colon cancer (CRC) remains a leading cause of process of the population, China has experienced a
notable rise in CRC incidence over time, and the
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symptoms, diagnosis is frequently delayed until
intermediate or advanced disease stages, causing patients
to miss the best treatment opportunity and experience an
unsatisfactory 5-year survival rate.'? Therefore, the
development of convenient, effective biomarkers is
critical for advancing CRC diagnosis and care.

In recent years, the role of the human microbiome,
especially the gut microbiota, in health and disease has
received unprecedented attention.? The intestine is a vast
and complex micro-ecosystem, home to trillions of
microorganisms. It maintains a dynamic balance with
the host and jointly participates in key physiological
processes such as nutritional metabolism, barrier
maintenance, and immune regulation. A large amount of
evidence indicates that once this balance is disrupted, it
is called intestinal flora dysbiosis, which is closely
related to the occurrence, development, and metastasis
of CRC, transforming it from a simple “resident” to an
active “participant” in the carcinogenic process.*
Research has confirmed a distinct gut microbiota
composition in CRC patients compared to-that of
healthy individuals, usually manifested as a decrease in
microbial diversity and abnormal changes  in. the
proportion of specific microbiota-For instance,
opportunistic ~ pathogenic  bacteria ~ such  as
Fusobacterium nucleatum accumulate, while beneficial
bacteria like Bifidobacterium and. Lactobacillus
decrease. This disorder of the microbiota structure not
only leads to the accumulation of bacterial metabolic
products, directly damaging the host DNA, but also
disrupts the intestinal mucosal barrier function, activates
a chronic inflammatory state, and thereby promotes
tumor occurrence.®®

Chronic inflammation has been recognized as the
seventh hallmark of tumers and plays a core role in the
initiation and progression of CRC.° The fact that patients
with inflammatory bowel disease are at high risk of CRC
strongly proves that. chronic inflammation is an
important  driver of »~ CRC.! In the tumor
microenvironment, various, immune cells and
inflammatory mediators form a complex regulatory
network. Among them, the balance of helper T cells is
of vital importance.!"'> CD4" T cells are the command
centers of adaptive immunity, while CD8" T cells are the
main effector cells, responsible for recognizing and
killing tumor cells.!* Regulatory T cells (Tregs), as a
subpopulation of CD4" T cells, play an
immunosuppressive role. By inhibiting the function of
effector T cells, they help tumors achieve immune
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escape. During the process of CRC, it is often observed
that the infiltration of CD8" T cells and Treg cells
increases, while the number of CD4" T cells and the ratio
of CD4"/CD8" decrease. This indicates a tilt towards an
immunosuppressive state, which is conducive to tumor
progression and metastasis.'"* S100 calcium-binding
protein A12 (S100A12) is precisely a key molecule that
links inflammation with immunity. As a member of the
S100 protein family, SI00A12 is mainly expressed and
secreted by neutrophils, and is an important damage-
related molecular pattern molecule. It activates signaling
pathways such as nuclear factor-kB (NF-xB) by binding
to the receptor of advanced glycation end products,
thereby amplifying the inflammatory response and
recruiting more immune cells to the inflammatory
site.'>!® S100A 12 has been widely studied in acute and
chronic inflammatory diseases such as pneumonia,
sepsis, and rheumatoid arthritis, and has been confirmed
to be a. sensitive marker of disease activity.'”!®
Accumulating evidence indicates that S100A12 is
overexpressed in multiple solid tumors, including gastric
and hepatocellular- carcinomas, and promotes the
malignant behavior of tumor cells through mechanisms
such as regulating the cell cycle and epithelial-
mesenchymal ~ transition.'” However, systematic
investigation into S100A12’s role in CRC remains
limited, especially in its interaction with the gut
microbiota and systemic immune function. A complete
intestinal mucosal barrier is the first physical and
immune line of defense that isolates a large number of
microorganisms and toxins in the intestinal tract from the
internal environment of the host?° Diamine oxidase
(DAO) is a cytoplasmic enzyme mainly present in the
apical cells of intestinal mucosal villi, responsible for
catalyzing the metabolism of polyamines within cells. Its
activity in serum is widely regarded as a sensitive and
specific indicator reflecting the integrity of intestinal
mucosa and the renewal rate of epithelial cells.?! When
the intestinal mucosa is damaged due to ischemia,
hypoxia, infection, or inflammation and other reasons,
DAO will be released in large quantities from the necrotic
intestinal epithelial cells into the blood, thereby elevating
serum DAO levels. In the context of CRC, the invasive
growth of tumors and the related local inflammatory
response undoubtedly cause damage to the intestinal
barrier. The increase in DAO levels not only indicates
damage to the intestinal mucosa but may also be involved
in the vicious cycle of disordered microbiota-immune
axis.?>?* Although DAO is widely used in intestinal
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diseases, its role in the dysbiosis and immune function
changes of CRC remains unexplored in depth.

Based on the above research background and
existing research gaps, this study adopted a retrospective
cohort study design to systematically explore the effects
of serum S100A12 and DAO expression levels on
intestinal flora imbalance and immune function in CRC,
investigating the diagnostic value of their combination.
To examine gut microbiota dysfunction related to barrier
integrity and immunity, we focused on two key
functional categories: conditionally pathogenic bacteria
(E. coli and E. faecalis), linked to inflammation and
barrier  disruption,®* and  beneficial  bacteria
(Bifidobacterium and Lactobacillus), known for
maintaining epithelial homeostasis and immune
regulation through short-chain fatty acid production.?
This pathogenic-beneficial imbalance is a recognized
dysbiosis signature in colorectal cancer. We put forward
the following hypotheses: CRC patients exhibited a
significant elevation in serum S100A12 and DAO
compared to both comparison groups. High expression
correlated with both gut dysbiosis (notably elevated E.
coli/E. faecalis, reduced Bifidobacterium/Lactobacillus)
and impaired immunity (specifically.reduced CD4*\ T
cells and CD4*/CD8" ratio). These increases in CD8" T
and Treg cell levels were also significantly correlated
with high expression. The combined detection of the two
has a better diagnostic value for CRC than the individual
detection. Through/ ELISA, fecal culture, flow
cytometry, and correlation and receiver operating
characteristic (ROC) curve analysis, the inter-group
differences, ( association relationships, and combined
diagnostic efficacy of the above indicators were verified.
Ultimately, this study provided.noninvasive auxiliary
indicators for the early diagnosis of CRC, helping to
improve patient prognosis and save medical resources.

MATERIALS AND METHODS

Study Design

This study adopted a retrospective cohort research
design. Patients with CRC or benign lesions from our
Digestive Surgery Department, alongside healthy
individuals from our Examination Center (February
2024 to August 2025), were enrolled and categorized
into three groups by diagnosis: the electronic medical
record system yielded 105 CRC, 92 patients with benign
colorectal lesions, and 110 healthy control cases,
including the healthy physical examination population

(control group), patients with benign colon lesions
(benign colon lesion group), and patients with CRC
(study group). Final exclusion comprised five controls
(ineligibility) and two benign cases (lost to follow-up).
The study design flowchart is shown in Figure 1.

Ethical Explanation

The study was approved by the Institutional Review
Board of the Second Affiliated Hospital of Qiqgihar
Medical University. The principles of the Declaration of
Helsinki were | strictly followed and all research
procedures were in accordance with international ethical
standards: “All participants provided written informed
consent; in emergency situations, their legal
representatives or guardians were permitted to provide
consent on their behalf. All data from the study were
anonymized to ensure the privacy and confidentiality of
the participants.

Inclusion Criteria

Control group: (1) Age 40- 74 years. (2) Normal
physical examination results (blood routine, liver and
kidney function, tumor markers, and colonoscopy). (3)
No history of intestinal infection in the past 3 months,
and no-antibiotics or immunomodulators. (4) No history
of malignant tumors, chronic inflammatory diseases
(such as rheumatoid arthritis), or metabolic diseases
(such as diabetes). (5) Complete clinical data and
voluntary signing of informed consent forms.

Benign colon lesion group: (1) Age 40 -74 years.
(2) Confirmed as benign colonic lesions through
colonoscopy and pathological examination (such as
colonic polyps, chronic colitis, colonic diverticulitis)
excluding precancerous lesions or malignant
tendencies.?® (3) No  history of antibiotics,
immunosuppressants, or intestinal microecological
regulators within the past month. (4) Complete clinical
data and voluntary signing of informed consent forms.

Study group: (1) Age 40- 74 years.(2) Postoperative
pathological examination, clearly diagnosed as CRC
(referring to the pathological diagnosis criteria of the
“Chinese CRC Diagnosis and Treatment Specifications
(2023 Edition)”),?® with no preoperative chemotherapy,
radiotherapy, immunotherapy, or intestinal flora
regulation treatment (such as probiotics, antibiotics) .(3)
Complete clinical data (including demographic
characteristics, history of underlying diseases, and
laboratory test data). (4) Voluntarily participation in this
study and signed the informed consent form.
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Evaluated for eligibility

A

Control group(n=110)
Not meeting inclusion
criteria(n=5)

Benign colonic lesion
group(n=92)
Missing patients(n=2)

Study group(n=105)
Final cohort(n=105)

Control group(n=105)
Physical examination
healthy population

Benign colonic lesion
group(n=90)
Patients with benign
colonic lesions

Study group(n=105)
Patients with Colon
Cancer

Analysis:

cells (Tregs).

1. Serum levels of S100A12 and DAO.
2. Enumeration of escherichia coli, enterococcus faecalis, bifidobacterium,
and lactobacillus.

3. Levels of peripheral blood CD4" T cells, CD8" T cells, and regulatory T

4. Effects of S100A12 and DAO on intestinal flora dysbiosis and immune

system function in patients with colon cancer.
5. The diagnostic value of SI00A12 and DAO for colon cancer.

Figure 1. Design Flow Chart.

Exclusion Criteria

(1) Combined with malignant tumors in other parts
of the body (such as gastric cancer, lung cancer) or
metastatic tumors. (2) History of acute infection (such as
pneumonia, urinary tract infection), severe trauma, or
surgery within the past 1 month. (3) Presence of
autoimmune diseases  (such as systemic lupus
erythematosus), severe liver and kidney dysfunction
(Child-Pugh grade C), or blood system diseases (such as
leukemia). (4) Long-term use of glucocorticoids (such as
prednisone), Immunosuppressants (such as
cyclosporine), or broad-spectrum antibiotics (course of
treatment>7 days) within the past 3 months.”’ (5)
Pregnant or lactating women; (6) Key observation index
data are missing in medical records.

Sample Collection

Serum sample: All the research subjects had 5 mL
of peripheral venous blood collected on an empty
stomach in the early morning of the next day after
enrollment. The blood was placed in anticoagulant-free
blood collection tubes and left to stand at room
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temperature for 30 minutes. Then, the blood was
centrifuged at 3000g for 15 minutes (with a
centrifugation radius of 10 cm). The serum was
separated and aliquoted into EP tubes for storage in a
—80°C ultra-low temperature refrigerator. The levels of
S100A12 and DAO are awaiting batch testing.?®

Fecal samples: Within 24 hours after enrollment, 1
g of fresh morning stool of the research subjects was
collected and placed in a sterile fecal collection tube.
Immediately, was add 9 mL of sterile normal saline,
shaken thoroughly to mix well, and then a 10-fold series
dilution was performed (107! to 10°%). The samples were
then inoculated and cultured to count the intestinal
flora.

Peripheral blood immune cell samples: Two mL
of fasting peripheral venous blood were collected and
placed in an EDTA anticoagulant blood collection tube.
The tube was gently inverted and mixed well. To avoid
coagulation or hemolysis, samples were shipped within
2 hours for flow cytometry-based T-cell subset (CD4",
CD8", Treg) analysis.*
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Observation Indicators

Documented baseline data covered demographics
(age, gender, BMI), clinical features (colonic
symptoms), underlying diseases and lifestyle habits
(history of hypertension, history of diabetes, smoking
history, drinking history, and intestinal medication
history in the past month), as well as routine laboratory
indicators (white blood cell count, hemoglobin, liver
function, and kidney function indicators).

The S100A12 kits were purchased respectively from
R&D Systems (USA), and the DAO kit from Shanghai
Enzyme-Linked Biotechnology Co., LTD. (China). All
procedures were performed strictly according to the
manufacturers’ instructions. The detection instrument is
the ELx808 microplate reader from Bio-Tek of the
United States. The absorbance (OD value) is read at a
wavelength of 450 nm to detect the concentrations of
serum S100A12 (unit: ng/mL) and DAO (unit: U/L).

Culture and quantification of gut microbiota: A
1-g aliquot of fresh fecal homogenate was spread onto
selective agars: MacConkey Agar for Escherichia colli,
Azide Bile Esculin Agar for Enterococcus faecalis, and
modified MRS Agar (supplemented with 0.05% L-
cysteine) for Bifidobacterium and Lactobacillus (all
media from Qingdao Haibo Bioetechnology, China).
Plates were incubated anaerobically at 35°C for 72 hours
in an anaerobic chamber (YQX-II; Shanghai Yuejin
Medical Instrument, China) with a gas mixture (85% No,
10% CO», 5% H,). Each batch included negative (sterile
saline) and positive (ATCC reference strains) controls.
Colonies were counted independently by two
experienced researchers, and results were averaged and
expressed as logjg colony-forming units (CFU) per gram
of wet feces.

A BD FACSCanto II flow cytometer was used with
the corresponding fluorescence-labeled antibodies CD4-
FITC, CD8-PE, CD25-APC, Foxp3-PE-Cy7 antibodies
(all purchased from BD Biosciences in the United
States) to detect the percentages (%) of CD4" T cells,
CD8* T cells, and Tregs in peripheral blood, and the
CD4%/CD8" ratio was calculated. The gating strategy
was as follows: Lymphocytes were first gated based on
forward scatter (FSC) and side scatter (SSC) profiles.
From this population, CD4" T cells were selected.
Regulatory T cells (Tregs) were then identified as the
CD25*Foxp3* subset within CD4" T cells.

Sample Size Calculation
The sample size was calculated based on the primary

outcome measure of this study (the correlation between
serum S100A12 and the number of bifidobacteria),
referring to the research results of Li et al.>! This study
included 116 patients with advanced CRC. Pearson
correlation analysis confirmed that the serum S100A12
level demonstrated a significant inverse correlation with
fecal bifidobacterium abundance (r=—0.62, p<0.05).
Using G*Power 3.1 software, with the test level a set at
0.05 (two-sided) and the power (1—B)=0.90, and
substituting the correlation coefficient /=—0.62, it was
calculated that the minimum sample size required for the
CRC group was 38 cases. To ensure sufficient robustness
of the research results in_subgroup.analyses (such as the
high/low expression group of serum S100A12 and the
high/low expression group of DAO), and considering the
possible case dropout during the follow-up process, it was
ultimately determined that 105 cases-would be included
in the CRC group. Control and benign group sizes were
determined by the cancer group’s size and the feasibility
of recruiting concurrent cases: The benign lesion and
control groups, with sample sizes of 90 and 105
respectively, satisfied all statistical power criteria. Our
sample size (105 cases, 195 controls) is adequate for
diagnostic accuracy assessment. Per empirical guidelines,
>100 cases are recommended to reliably estimate an AUC
exceeding 0.8. The control group size further ensures
robust specificity estimation, supporting the validity of
our ROC analyses.

Statistical Analysis

Data were analyzed with SPSS 26.0. Normally
distributed metrics (mean+ SD) were compared using ¢
test/ ANOVA, while nonparametric data [median (IQR)]
employed the Mann-Whitney U test. Categorical
variables were presented as n (%) and analyzed using 2
or Fisher exact test (for expected frequencies<5).
Associations between serum S100A12/DAO and
microbiota/immune indices were assessed using Pearson
or Spearman correlation, based on data distribution.
Independent associations were verified by multiple linear
regression, adjusting for age, sex, BMI, CEA, and CA19-
9, with standardized coefficients () reported. Diagnostic
performance was evaluated using ROC curves (AUC,
sensitivity, specificity). Differences between AUCs were
compared via Delong test. A binary logistic regression
model (disease status as outcome, SI00A12 and DAO as
predictors) was used to generate a combined probability
score for joint ROC analysis. All statistical tests were two-
sided, and p<0.05 was considered statistically significant.
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RESULTS

Comparison of Baseline Data

The study comprised 105 healthy controls, 90 benign
colon lesion patients, and 105 CRC cases. As shown in
Table 1 demographic characteristics (including age, sex,
BMI), underlying diseases and living habits (including
history of hypertension, diabetes, smoking, and
drinking), and routine laboratory parameters (including
hematological and biochemical profiles) showed no
statistically significant differences across all groups (all
p>0.05). This result indicates that the three groups of
subjects were well balanced and highly comparable on
the vast majority of potential confounders. In terms of
clinical characteristics, the distribution of colonic
symptoms differed markedly across the three groups

(»<0.001). Specifically, most of the individuals (93.3%)
in the healthy control group were asymptomatic, while
the two patient groups mainly had clinical symptoms
such as abdominal pain/bloating, hematochezia/melena.
This distribution was completely consistent with the
different clinical health status of the three groups, and
also indirectly verified the rationality and correctness of
the grouping. The conventional CRC biomarkers, CEA
and CA19-9, exhibited distinct levels across the study
cohorts (p<0.001): This, is consistent with the disease
characteristics of CRC and further confirms the validity
of the study-group assignment. Therefore, the three
groups were well-balanced-and. comparable in key
baseline data, with the exception of clinical symptoms
and specific tumor markers.

Table 1. Comparison of baseline data of the three groups of research subjects (mean +SD).

Indicators Control Group Benign Colonic Lesion Study Group Statistic D
(n=105) Group (n=90) (n=105) (*/F)

Demographics
Age,y 55.8+8.6 56.1+8.9 557+8.7 0.15 0.859
Gender (Male/Female) 55/50 48/42 56/49 0.58 0.748
BMI, kg/m? 235+2.8 24.0+3.2 239+29 0.785 0.457
Clinical Characteristics
Colonic Symptoms, n (%) 105.325 <0.001

Asymptomatic 98 (93.3%) 15 (16.7%) 10 (9.5%)

Abdominal pain/discomfort 5 (4.8%) 45 (50.0%) 50 (47.6%)

Bloody stool/black stool 2 (1.9%) 20 (22.2%) 35(33.3%)

Altered bowel habits 0 (0.0%) 10 (11.1%) 10 (9.5%)
Comorbidities & Habits
History of Hypertension, n.(%) 24(22.9%) 23 (25.6%) 25 (23.8%) 0.41 0.815
History of Diabetes, n (%) 18 (17.1%) 16 (17.8%) 19 (18.1%) 0.12 0.942
Smoking History, n (%) 23 (21.9%) 16 (17.8%) 21 (20.0%) 0.85 0.654
Drinking History, n.(%) 20 (19.0%) 17 (18.9%) 21 (20.0%) 0.08 0.961
History of Intestinal 6.(5.7%) 6 (6.7%) 7 (6.7%) 0.35 0.841
Medication, n (%)
Laboratory Indicators
White Blood Cell, x10°/L 6.6+1.3 6.7+1.2 6.8+14 0.47 0.625
Hemoglobin, g/L 134.8+12.3 133.9+11.8 133.2+12.5 0.72 0.487
ALT, U/L 25.5+84 26.1+8.7 25.8+8.9 0.23 0.793
AST, U/L 243+7.6 24.8+7.9 24.5+8.1 0.15 0.859
Serum Creatinine, pumol/L 78.8+12.1 79.5+£11.6 79.2+12.3 0.11 0.896
CEA, ng/mL 1.5+0.8 1.7+0.9 59+3.1 132.85 <0.001
CA19-9, U/mL 18.8+7.4 20.1+8.2 46.2+20.8 79.36 <0.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; CA19-9: carbohydrate antigen 19-9; CEA:

carcinoembryonic antigen.

6/ Iran J Allergy Asthma Immunol,

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

Serum S100A 12 and Diamine Oxidase in Colon Cancer

The Serum Levels of S100A12 and DAO, Intestinal
Flora and Immune Indexes Were Compared Among
the Three Groups

The comparisons of serum markers, intestinal flora
and key indicators of immune function among the
control group, the benign colon lesion group and the
study group are shown in Table 2. There were
statistically significant differences in all observed
indicators among the three groups of research subjects
(»<0.001). Serum S100A12 and DAO showed a gradient
elevation across groups, with the study group > benign
group > controls (all p<0.05), suggesting that these two
serum markers may be related to the severity of colon
diseases, especially with marked overexpression in the
CRC cohort. The number of opportunistic pathogenic
bacteria (E. coli, E. faecalis) was the highest in the study
group, while the number of beneficial bacteria
(Bifidobacterium, Lactobacillus) was the lowest. The
differences between any two groups were statistically
significant (all p<0.05). This result indicates substantial
microbial imbalance in CRC patients, manifesting as
microecological disruption. CRC patients exhibited
marked shifts in T-cell immunity, including suppressed
CD4" levels and amplified CD8%/Treg responses
compared to other groups (all p<0.05). These changes

collectively suggest the typical characteristics of CRC
patients, such as elevated serum S100A12 and DAO
levels, intestinal flora imbalance, and suppressed
immune function.

The Influence of High and Low Expression of
S100A12 and DAO on the Microbiota and Immunity
in the CRC Group

In the CRC group, based on the median expression
levels of serum S100A12 and DAO, the patients were
further divided into high and low expression subgroups
for comparison. The results-are shown in Table 3. An
inverse relationship was observed between biomarker
levels and gut flora: pathogen enrichment and probiotic
reduction 'in high-expression groups (all p<0.001). In
terms of immune function, both the SI00A12 and DAO
high-expression groups presented a more significant
immunosuppressive state, specifically manifested as
reciprocal alterations: decreased CD4" parameters with
concurrently increased CD8" and Treg percentages (all
p<0.001). The findings indicate that among CRC
patients, higher serum S100A12 or DAO concentrations
correlate with more severe intestinal microbial dysbiosis
and immune impairment.

Table 2. Comparison of serum S100A12 and DAO levels, intestinal flora and immune function indicators among the three

groups of research subjects (mean = SD).

Indicators Control Group Benign Colonic Lesion Group  Study Group (n=105) F )4
(n=105) (n=90)

Serum Markers

S100A12, pug/L 98.45+£28.63 172.36 £38.922 285.61 £ 58.74%P 398.120  <0.001

DAO, ng/L 9.84+0.72 26.33+1.452 36.28 £2.15%b 376.450  <0.001

Intestinal Flora, logio CFU/g

E coli 6.12+0.45 6.58+0.51* 7.85+0.62%P 45217 <0.001

E faecalis 5.89.+0.52 6.34+0.48? 7.41£0.59%0 38.945 <0.001

Bifidobacterium 8.41+£0.38 7.92+0.428 6.88+£0.51%0 52.331 <0.001

Lactobacillus 8.25+041 7.80+0.392 6.95+0.47%0 49.876 <0.001

Immune Function Indicators, %

CD4" T cells 42.35+5.12 39.81+£4.76* 31.26 +4.35%b 65.412 <0.001

CDS8" T cells 25.64+3.88 27.95+3.952 35.82+4.21b 58.963 <0.001

CD4'/CD8" ratio 1.65+0.25 1.43+0.22? 0.87+0.18%> 71.258 <0.001

Treg cells 5.12+1.05 6.33+1.21° 9.45+£1.54%b 47.815 <0.001

ap<0.05, compared with the Control Group.
5p<0.05, compared with the Benign Colonic Lesion Group.

°DAO: diamine oxidase; SI00A12: S100 calcium-binding protein A12.
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Table 3. Comparison of microbiota and immune indicators between the high and low expression subgroups of S100A12 and
DAO within the CRC group (mean % SD).

Indicators S100A12 Low- S100A12 High- ¢ )4 DAO Low- DAO High- t )4
Expression Expression Expression Expression
Group (n=53) Group (n=52) Group (n=52)  Group (n=53)
Intestinal Flora, logio CFU/g
E coli 7.52+0.55 8.18+0.58 6.012 <0.001 7.48+0.53 8.21+0.59 6.874 <0.001
E faecalis 7.15+0.54 7.67+0.56 4.856 <0.001 7.18+0.55 7.64+0.58 4235 <0.001
Bifidobacterium  7.15+0.48 6.61 +£0.49 5.678 <0.001 7.12+0.47 6.64+0.50 5.145 <0.001
Lactobacillus 7.18+0.44 6.72+0.46 5234 <0.001 7.15+£0.45 6.75+0.47 4.567 <0.001
Immune Function Indicators, %
CD4" T cells 33.25+4.12 29.25+4.08 5.045 <0.001 33.01+4.05 29.50+£4.20 4412 <0.001
CD8" T cells 33.85+4.05 37.82+4.10 4987 <0.001 34.12+4.00 37.51+4.15 4256 <0.001
CD4%/CD8* 0.98+0.17 0.77+0.16 6.412 <0.001 0.97+0.16 0.79+0.17 5.678 <0.001
ratio
Treg cells 8.52+142 10.40+1.48 6.745 <0.001 8.61+140 10.28 +£1.52 5.987 <0.001

CFU: colony-forming units; CRC: colon cancer; DAO: diamine oXidase; S100A12: S100 calcium-binding protein A12.

Correlation Analysis

Correlations of serum S100A12 and DAO with gut
microbiota and immune parameters are presented in
Table 4. Both markers showed significant positive
associations with conditionally opportunistic pathogens
(E. coli, E. faecalis; all p<0.001) but negative
associations with beneficial bacteria (Bifidobacterium,
Lactobacillus; all p<0.001). Immune profiling revealed
negative correlations with CD4" T cells and positive
correlations with CD8'. T cells and regulatory T cells
(Tregs; all p<0.001). The. CD4"/CD8" ratio was also
inversely related to both .markers (all p<0.001).
Although correlation coefficients were moderate
(r=0.5-0.7), " their strong statistical significance
suggests biological relevance. Multiple linear regression
adjusted  for age, sex, BMI, CEA, and CA19-9
confirmed these as independent associations (Table 4).
For example, SI00A12 independently predicted Treg
levels  (standardized p=0.52, p<0.001) and
Bifidobacterium abundance (f=—-0.45, p<0.001), with
DAO showing a similar pattern. These findings indicate
that SI00A12 and DAO influence gut dysbiosis and
immune dysregulation independently of conventional
demographic and tumor burden indicators. Key
relationships are illustrated in scatter plots (Figure 2).
Both S100A12 and DAO were positively associated
with Treg percentage (Figure 2A, C) and negatively
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associated with Bifidobacterium abundance (Figure 2B,
D), with all trends remaining highly significant
(»<0.001).

Analysis of Diagnostic Efficacy

To. evaluate the clinical potential of the novel
markers, we systematically compared the diagnostic
performance of serum S100A12 and DAO with
conventional tumor markers CEA and CA19-9 for
colorectal cancer (Table 5). The AUCs for SI00A12 and
DAO alone were 0.823 and 0.801, respectively, while
those for CEA and CA19-9 were 0.852 and 0.821.
Notably, the combined detection of SI00A12 and DAO
achieved an AUC of 0.894, which was significantly
higher than that of any single marker, including CEA
(»=0.032) and CA19-9 (p<0.001) alone. The combined
S100A12+DAO AUC was also higher than that of
CEA+CA19-9 combined (AUC=0.875), although this
did not significance
(p=0.086). Based on the Youden index, preliminary
cutoff values for SI00A12 and DAO were 212.5 ng/L
and 31.6 ng/L, respectively. These results indicate that
S100A12 and DAO alone have good diagnostic value,
and their combination provides superior performance to
conventional tumor markers.

difference reach statistical
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Figure 2. Correlation analysis of serum S100A12 and DAO with key immune and gut microbiota parameters. (A) Positive
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Table 4. Correlation and multiple regression analysis of S1I00A12 and DAO with immune and microbial parameters.

Parameter

Analysis Type

S100A12 Effect size (v / B)

DAO Effect size (r/ B) y

Immune Function
CD4" T cells, %

CD8* T cells, %

CD4"/CD8 ratio

Treg cells, %

Gut Microbiota
E. coli, log CFU/g

E. faecalis, log CFU/g

Bifidobacterium, log CFU/g

Lactobacillus, log CFU/g

Simple correlation (7)
Multiple regression (j3)
Simple correlation (r)
Multiple regression ()
Simple correlation (r)
Multiple regression ()
Simple correlation (r)

Multiple regression ()

Simple correlation (7)
Multiple regression (f3)
Simple correlation (r)
Multiple regression (f3)
Simple correlation (7)
Multiple regression (f3)
Simple correlation (7)

Multiple regression (f3)

—0.623
—-0.48
0.585
0.42
—-0.61
—-0.41
0.647
0.52

0.612
0.46
0.534
0.4
—0.598
—-0.45
—0.556
-0.4

—0.589
—-0.43
0.548
0.39
—0.58
—0.38
0.601
0.47

0.587
0.44
0.521
0.38
—0.563
—0.41
—0.538
—0.39

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

ABMI: body mass index; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; CFU: colony-forming units; DAO: diamine
oxidase; S100A12: S100 calcium-binding protein A12. ®Multiple regression analysis was adjusted for age, sex, BMI, CEA, and CA19-9.
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Table 5. Diagnostic efficacy of serum S100A12 and DAO for CRC.

Test Indicator AUC 95% CI Sensitivity (%) Specificity (%) P

S100A12 0.823 0.774-0.872 78.1 75.6 <0.001
DAO 0.801 0.750-0.852 752 73.3 <0.001
CEA 0.852 0.806-0.898 80 77.1 <0.001
CA19-9 0.821 0.772-0.870 76.2 74.3 <0.001
S100A12 + DAO 0.894 0.857-0.931 86.7 82.4 <0.001
CEA + CA19-9 0.875 0.836-0.914 84.8 80 <0.001

AUC: area under the curve; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; CI: confidence interval; CRC:

colon cancer; DAO: diamine oxidase; S100A12: S100 calcium-binding protein A12.

DISCUSSION

This study systematically explored the expression
levels of serum S100A12 and DAO in patients with CRC
and their clinical significance. This study confirms a
significant elevation of serum S100A12 and DAO in
individuals with CRC, and these markers are closely
related to specific structural changes in the intestinal
flora (an increase in opportunistic pathogenic bacteria
and a decrease in beneficial bacteria)rand systemic
immunosuppressive status (a reduction in CD4" T cells
and an increase in CD8" T cells and Treg cells). More
importantly, the combined detection of S100A12 and
DAO demonstrated diagnostic _efficacy
compared to a single indicator, providing a new potential
biomarker combination for the early diagnosis and
disease assessment of CRC.

Specifically, this study  revealed progressively.
elevated serum S100A12 and DAO levels from controls
to benign lesions to CRC, demonstrating a clear
ascending trend, and they increased in. a stepwise
manner with the aggravation of the degree of intestinal
flora imbalance. This phenomenon reveals the core
position of both in the pathophysiological process of
CRC. As an S100 protein family member, S100A12
shows overexpression in CRC represents a direct
manifestation of tumor-associated chronic
inflammation. Qiao et al’> confirmed through
immunohistochemistry that the serum S100A12 level in
patients with CRC (293.76 £62.54 pg/L) was notably
higher than in healthy individuals (105.41 +30.39 pg/L).
Li et al®' also reported a significant increase in serum
S100A12 in patients with CRC, and its correlation
pattern with intestinal flora imbalance was highly
consistent with ours. In addition, the cancer-promoting

superior
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effect. of S100A12 in digestive tract tumors such as
gastric cancer and hepatocellular carcinoma has also
been reported many times. Shu et al®® included 82
patients with CRC and 14 healthy controls in their study.
Through-ELISA detection, significantly high expression
of S100 protein family members such as SI00A8/A9
was found, and they were regarded as potential
diagnostic biomarkers. This provides strong evidence
for the findings of our research group regarding the high
expression of SI00A12 in CRC from independent
studies:.

The observed positive correlation of SI00A12 level
with CD8" T cells and Treg cells and negative
correlation with CD4" T cells can be explained by
As a damage-associated
molecular pattern molecule, SIO0A12 activates NF-kB
and MAPK signaling pathways by binding to its receptor
RAGE, thereby driving the massive release of
proinflammatory cytokines (such as IL-6, TNF-a, IL-
1B). This chronic inflammatory environment is a key
driving force for inducing the differentiation of naive
CD4' T cells into Treg cells. Studies have confirmed that
activation of the NF-kB pathway can upregulate the
expression of Foxp3, which is a key transcription factor
and functional marker of Treg cells. For example, Luo
and Li’s review clearly showed that NF-kB signaling,
especially its c-Rel subunit, plays a key role in Treg
lineage profiling by directly binding to the regulatory
region of Foxp3 gene and driving its transcription.>*
Therefore, S100A12-mediated inflammatory signaling
may be an important bridge connecting neutrophil-
derived inflammation and adaptive immunosuppression
(Treg expansion). In addition, the present study
observed an increased proportion of CD8" T cells in the
peripheral blood of colon cancer patients. In tumor

molecular mechanisms.
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immunology, an increased number of CD8" T cells alone
is not equivalent to effective antitumor immunity. On the
contrary, under chronic antigen stimulation and an
immunosuppressive microenvironment, CD8" T cells
often show “functional exhaustion” or “dysregulation”,
characterized by high expression of inhibitory receptors
such as PD-1, TIM-3, LAG-3, and impaired cytotoxic
function (such as secretion of granzyme B and
perforin).3> Although these depletion markers were not
examined in this study, the observed pattern of
concurrent elevation of CD8" T cells with SI00A12 (a
proinflammatory marker) and Treg (immunosuppressive
cells) strongly suggests that these CD8" T cells are more
likely to be dysfunctional than fully activated effector
cells. This interpretation is consistent with the overall
pattern of immunosuppression revealed by the decreased
CD4%/CD8" ratio. The significant reduction of the
CD4*/CD8" ratio is not only a sensitive indicator of
systemic immune imbalance, but also closely related to
the progression and poor prognosis of colorectal cancer.

DAO, as an enzyme mainly existing in the villous
epithelial cells of the small intestinal mucosa, has a
serum elevation that is established as the gold standard
for assessing intestinal barrier integrity=Although DAO
has traditionally been considered asensitive indicator of
the integrity of the small intestinal mucosa, its
significant increase in colon cancer patients in this study
may be indicative of broader gastrointestinal’ barrier
dysfunction resulting from systemic inflammation and
disruption of the gut-system axis. Colon cancer-related
local inflammation, dysbiosis. and systemic reactions
may jointly(lead to the increase of intestinal barrier
permeability and the release of DAO into the blood.
Testa et al*® showed that the expression level of DAO in
colorectal cancer tissues was as high as 80.0%,
suggesting that DAO may be related to the occurrence
of colorectal tumors. The study by Snezhkina et al*” also
pointed out that high DAO expression was associated
with the reduction of intestinal health-related flora as
well as impaired intestinal barrier function.

The imbalance of the intestinal flora plays a key
driving role in this pathological process. SI00A12 and
DAO exhibited synchronous dynamics with the
progressive disruption of microbiota structure. On the
one hand, the excessive proliferation of pathogenic
bacteria can directly damage the intestinal epithelium
and produce toxins that exacerbate inflammation. On the
other hand, the reduction of beneficial bacteria means
that the protective and anti-inflammatory effects of

short-chain fatty acids (such as butyrate) produced by
these bacteria on the intestinal mucosa are lost. The
dysbiotic microbiota profile observed in this study—
characterized by enrichment of potential pathogens and
depletion of commensal beneficial bacteria—could act
in concert with S100A 12 to foster an immune milieu that
favors Treg expansion. Specifically, overgrowth of
opportunistic pathobionts like E. coli and E. faecalis
elevates circulating levels of microbial products such as
lipopolysaccharide” (LPS), which engages the
TLR4/MyD88/NF-kB cascade, amplifying
inflammatory signaling initiated by the SI00A12/RAGE
axis. Concurrently, reduced -abundance of health-
associated genera including  Bifidebacterium and
Lactobacillus leads to diminished production of
microbial metabolites, notably the short-chain fatty acid
butyrate. Butyrate functions as_a histone deacetylase
inhibitor and facilitates Treg differentiation by
epigenetically modulating Foxp3 expression through
enhanced histone acetylation at its gene locus.’® Thus,
gut microbiota dysbiosis may drive systemic
immunosuppression via intertwined “metabolite —
epigenetic”. and< “S100A12-inflammatory signaling”
pathways. Given the cross-sectional design, causal
directions among intestinal dysbiosis, elevated
S100A12/DAO, and immune alterations cannot be
established; these factors likely participate in a mutually
reinforcing pathogenic loop.

Taken together, our findings support a vicious cycle
model that promotes colon cancer development
mediated by the S100A12-DAO-microbiota-immunity
axis (Figure 3). In this model, colon cancer lesions lead
to increased circulating levels of SI00A12 and DAO by
inducing chronic inflammation and local barrier
damage. The synergistic effect of the two factors
disrupts intestinal microecological homeostasis, which
is manifested as the expansion of opportunistic
pathogenic bacteria (such as E. coli and E. faecalis) and
the depletion of beneficial bacteria (such as
Bifidobacterium and Lactobacillus). This dysbiosis,
along with depletion of beneficial bacterial metabolites
such as the short-chain fatty acid butyrate, concurs with
S100A12-driven persistent inflammatory signaling to
create a systemic immunosuppressive environment
characterized by expansion of Treg cells, depletion of
CD4" T cells, and a decreased CD4/CD8" ratio.
Ultimately, this immunosuppressive state in turn
facilitates tumor immune escape and progression, thus
forming a self-reinforcing vicious cycle. This model
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provides a unifying pathophysiological explanation for
the strong associations between serum biomarkers, gut

microbiota, and systemic immune parameters observed
in this study.
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Figure 3. Schematic Representation of the S100A12-DAO-Microbiota-Immunity axis in the Pathogenesis of Colon Cancer.

In terms of clinical translation, the ROC analysis of
this study showed that the efficacy. (AUC=0.894) of the
combined diagnosis of SI00A12 and DAO for CRC was
significantly better than that of any single indicator. This
discovery is highly consistent with the trend of similar
studies, highlighting the significant advantages of multi-
dimensional biomarker combinations in enhancing
diagnostic accuracy. Livet al’! reported that the AUC of
S100A12 combined with . sSRAGE for predicting the
ineffectiveness of chemotherapy in CRC was as high as
0.91. Although the clinical endpoints (chemotherapy
efficacy) predicted by these studies differ from those of
this study (diagnosis), they collectively confirm a core
strategy: For the complex disease of CRC, combining
serum markers that reflect different pathophysiological
dimensions (such as inflammation, barrier function, and
immune recognition) can more comprehensively capture
disease information, thereby achieving better predictive
or diagnostic performance. SI00A12 focuses more on
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reflecting the systemic inflammatory state, while DAO
more specifically indicates intestinal barrier damage.
The two provide information from different but
complementary pathophysiological dimensions, thereby
achieving a more comprehensive and accurate
identification of diseases. This result provides new ideas
and strong experimental evidence for the development
of noninvasive and convenient auxiliary diagnostic tools
for CRC or screening programs for high-risk
populations.

In conclusion, this study elaborated the clinical value
of serum S100A12 and DAO as complementary
diagnostic tools for CRC, and elaborated in depth on
their close association with intestinal flora imbalance
and systemic immunosuppression. These findings not
only provide mechanistic insights into the
“inflammation-barrier-microbiota-immune” network in
CRC, but also provide new and transformative ideas for
the clinical management of CRC.
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Although this study achieved positive results, there
are still some limitations: First, the retrospective design
may have been subject to selection bias, although it was
controlled for by strict criteria. All analyses were based
on complete data sets, and cases with missing key data
were excluded. Second, the sample size was relatively
limited, and subgroup analyses based on disease stage
were not performed because of limitations in sample size
and stage information. Third, with respect to diagnostic
validation, all analyses were based on a single cohort
without internal cross-validation, which makes the
reported measures of diagnostic efficacy potentially
subject to a degree of optimism bias. Future studies need
to be validated in multicenter prospective cohorts, and
net reclassification improvement or decision curve
analysis can be used to further quantify clinical utility.
Fourth, long-term follow-up was not performed in this
study, and the prognostic value of markers cannot be
assessed. Fifth, in terms of microbiological methods,
only four representative bacterial genera were included
in the conventional culture method, which can
effectively indicate the core characteristics of dysbiosis,
but cannot fully reveal the overall diversity and complex
composition of the gut microbiome:=Sixth, dietary
information was not collected;” which  may have
compromised insight into the causes of dysbiosis.
Finally, the immunoassays in this study were based
solely on peripheral blood samples, and the results may
not fully reflect the local immune microenvironment of
the tumor. Future studies should employ . more
comprehensive omics techniques, combine multi-site
samples, and incorporate environmental factors to more
precisely elucidate the mechanism and clinical value of
this axis.
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