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Abstract

BACKGROUND

Patients with tumors often develop multiple autoantibodies against tumor-associated
antigens. Among these, antinuclear antibodies (ANAs) constitute a clinically important
group distributed across the nucleus, cytoplasm, and cytoskeleton. Emerging evidence
suggests that ANAs are closely associated with the development and progression of

various malignancies, including colorectal cancer (CRC).

AIM
To detect ANA fluorescence patterns in CRC using indirect immunofluorescence (IIF)

and investigate their correlation with the disease.

METHODS

From May 2023 to March 2024, patients and healthy volunteers were recruited at the
Affiliated Panyu Central Hospital of Guangzhou Medical University. The study
included 38 patients with newly diagnosed CRC, 43 patients with colorectal polyps, and
29 healthy controls. Serum ANA expression was assessed by lIF, and fluorescence
patterns were recorded for each group. Differences in ANA titers were compared

among each group to analyze the differences in serum ANA-positive expression, which




were further analyzed to explore the correlation between ANA expression and CRC

screening.

RESULTS

ANA positivity rates were 50.00% in the CRC group, 46.51% in the colorectal polyp
group, and 6.90% in the healthy control group, with significantly higher rates in the two
patient groups compared to the control group (P < 0.05). In the CRC group, the most
common fluorescence patterns were nuclear speckled (15.79%) and cytoplasmic
speckled (15.79%), with titers predominantly low (1: 100, 28.95%). In the colorectal polyp
group, nuclear speckled (18.60%) and nuclear homogeneous (11.63%) were the most
frequent, with titers also predominantly low (1: 100, 37.21%). The distribution of

intermediate titers differed significantly among groups (P < 0.05).

CONCLUSION

ANAs are associated with both colorectal polyps and CRC and may be useful in early
CRC screening. Medium-to-high ANA titers, in particular, should prompt further
evaluation for possible CRC correlation. Multiple ANA fluorescence patterns can be
detected across all groups, with patients with colorectal polyps and CRC showing

greater pattern diversity than healthy controls.
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Core Tip: Antinuclear antibodies (ANAs), also known as antinuclear factors, were first
identified in cases of systemic lupus erythematosus. ANA testing enhances the
diagnostic accuracy of immune-mediated diseases and demonstrates high specificity.

Colorectal cancer (CRC) is one of the most common malignant neoplasms worldwide,




with incidence rates in China continuing to rise. Autoantibodies are increasingly
recognized as tumor markers, offering greater specificity than conventional markers
and enabling earlier detection. In this study, indirect immunofluorescence (IIF) was

used to detect ANA fluorescence patterns in CRC and explore their correlation.

“\ITROD UCTION

Colorectal cancer (CRC) is the most common malignant tumor of the gastrointestinal
tract in China. It typically develops from sessile or pedunculated polyps on the mucosal
surface of the large intestine and rectum, which gradually enlarge, invade the colorectal
wall, and eventually form malignant tumors[1]. Globally, CRC ranks as the third most
common cancer and the second leading cause of cancer-related mortality. According to
Bentham Science (2021), the global incidence is projected to reach 3.2 million new cases
and 1.6 million deaths by 2040[2-4]. The rising incidence of CRC is closely linked to
changes in lifestyle and dietary habits and has attracted extensive clinical attention.
Early-stage CRC is often asymptomatic. As tumors enlarge, patients may develop
symptoms such as altered bowel habits, hematochezia, diarrhea, constipation, and
abdominal pain. In advanced stages, additional symptoms such as anemia and weight
loss may occur([5,6]. CRC development is influenced by environmental, genetic, dietary,
and lifestyle factors. Studies have shown that prognosis varies significantly by disease
stage. Early screening, timely diagnosis, and preventive or therapeutic interventions can
improve survival and reduce mortality. Consequently, extensive research has focused
on the pathogenic mechanisms of CRC and has provided effective strategies for
prevention and treatment.

The onset of CRC is a complex, multistep process influenced by multiple genes,
factors, and stages. Benign colorectal polyps (CRP) are common histological lesions—
including adenomas, hyperplastic polyps, hamartomatous tumors, and inflammatory
polyps—that are largely precancerous and closely related to CRC[7]. Evidence suggests
that over 95% of CRCs develop from polyps. Under the combined influence of

hereditary and acquired factors, adenomatous polyps gradually enlarge and progress to




invasive carcinomas through the adenoma-carcinoma sequence. Prognosis is
particularly poor in advanced CRC. Effective screening, early intervention, and optimal
treatment strategies are therefore essential for improving patient outcomes.[8-10]
Numerous studies have shown the presence of autoantibodies against tumor-
associated antigens in patients with cancer. The production of these autoantibodies is
thought to result primarily from antigenic stimulation caused by tumor cell destruction
or from immunologic derangements during tumorigenesis[11]. Once formed,
autoantibodies can activate the immune system to target tumor cells. Some researchers
have suggested that autoantibodies, as products of the immune response to tumors,
may serve as valuable biomarkers for the early detection of tumorigenesis[12]. Several
studies have specifically examined the relationship between autoantibodies and early
CRC screening[13,14]. Antinuclear antibodies (ANAs) are a distinct group of
autoantibodies widely distributed in the nucleus, cytoplasm, and cytoskeleton of cells.
ANAs are detected not only in autoimmune diseases but also in malignancies,
infections, and even in healthy individuals. gecent studies have shown that ANAs are
closely associated with the development of various cancers, including hepatocellular
carcinoma and CRC[15,16]. The fluorescence patterns of ANAs are a key parameter in
indirect immunofluorescence (IIF) testing and provide guidance for subsequent specific
antibody detection. Clinical studies have demonstrated associations between ANA
patterns and the ANA spectrum. The nuclear speckled, nuclear homogeneous, and
cytoplasmic speckled patterns may correspond to various autoantibodies. Thus, ANA
patterns observed in positive results can provide insight into the category of
autoantibodies in the body and may provide useful indications for disease occurrence
and progression[17-19]. Additionally, antibody titer levels can reflect both disease
activity and severity. Rising titers are generally associated with disease progression and
worsening outcomes. Several studies have shown that ANA titers can also provide
valuable information for early disease screening. Elevated titers indicate an increased
risk of disease development and warrant closer clinical attention[20-21]. Specific ANA

staining patterns have gained attention for their potential associations with certain




cancers. For instance, antibodies typically linked to systemic lupus erythematosus, such
as anti-double-stranded DNA antibodies, have also been detected in bronchogenic
carcinoma and in malignant pleural effusions associated with lung cancer. These
antibodies may have prognostic significance, particularly in predicting thymoma
recurrence or serving as biomarkers for CRC[22]. In addition, studies have reported that
the presence of ANAs is a favorable prognostic factor in lung cancer and CRC[23].
However, the correlation between ANAs and CRC remains unclear. It remains
uncertain whether ANAs are associated with CRC occurrence and whether they could
contribute to early detection.

With increasing research on malignancies, the benefits of early screening in disease
control have attracted considerable attention. In this study, we analyzed the correlation
between ANA, CRP, and CRC, as well as the significance of ANA detection in early
CRC screening. Specifically, we investigated the distribution of ANA patterns, the
frequency of ANA positivity, and the distribution of titers among patients with a

primary diagnosis of CRC, patients with CRP, and healthy individuals.

MATERIALS AND METHODS

Study population

Patients who visited our hospital for consultation or examination between May 2023
and March 2024 were enrolled and divided into three groups: CRC primary diagnosis
group, CRP group, and healthy controls. The study was approved by the hospital’s
medical ethics committee, and informed consent was obtained from all participants

(and from family members where required).

Inclusion and exclusion criteria

Inclusion criteria for the CRC group were as follows: (1) no prior surgery or
chemotherapy; (2) pathologically confirmed new diagnosis, and (3) absence of other
malignant tumors or autoimmune diseases. Inclusion criteria for the CRP group were as

follows: (1) pathologically confirmed CRP and (2) absence of autoimmune diseases.




Inclusion criteria for the healthy control group were as follows: (1) normal tumor
marker values; (2) normal blood routine results; and (3) normal liver, thyroid, kidney,

and other test results.

Specimen collection
Venous blood specimens were collected from all three groups: 38 cases in the CRC
group, 43 cases in the CRP group, and 29 cases in the healthy control group. Samples
were centrifuged to separate the serum, which was immediately stored at —80°C. Only
nonhemolytic, nonlipemic, and nonjaundiced specimens were included.

Materials

The test kit included BIOCHIP slides coated with human laryngeal cancer epithelial
(HEp-2) cells, fluorescein-labeled anti-human IgG (goat), positive and negative controls,

PBS salt (pH 7.2), Tween 20, mounting medium, and cover glasses.

Instruments
Assay results were observed using a fluorescence microscope. A 40 X objective was
used to visualize the cellular matrix. The excitation filter was set at 488 nm, the spectral

filter at 510 nm, and the blocking filter at 520 nm.

Experimental Methods
Test principle
Substrates consisting of HEp-2 cells and primate liver were incubated with diluted
patient serum. In positive cases, the ntibodies of classes IgA, IgG, and IgM bound to
the antigens. In a second step, the bound antibodies were stained with fluorescein-
labeled anti-human antibodies and visualized using a fluorescence microscope.

ANAs were detected using an IIF assay with HeP-2 cells as the substrate and
fluorescein-labeled anti-human IgG as the secondary antibody. Serum samples were
diluted 1: 100 with PBS-Tween buffer. A total of 25 pL of diluted serum was added

dropwise to each reaction zone of the sampling plate, which was placed on a foam




platform. The biologically active side of the BIOCHIP slide was then positioned face
down into the plate notch and incubated at room temperature (18°C-25°C) for 30 min.
After incubation, the slide was rinsed under running PBS-Tween buffer and immersed
in a washed cup containing PBS-Tween buffer for at least 5 min. Next, 20 pL of FITC-
labeled anti-human globulin (secondary antibody) was added dropwise to the reaction
zones of a clean sampling plate.

A cover glass was prepared with mounting medium, and the BIOCHIP slide was
removed from the PBS-Tween buffer. The back and edges of the slide were gently dried
with a paper towel. The slide, with BIOCHIPs facing downward, was placed onto the
cover glass and adjusted to ensure proper positioning. ANA fluorescence patterns and

titers were then observed under the fluorescence microscope.

Criteria

ANA fluorescence patterns and titers were evaluated using the fluorescence
microscope. Titers were classified as low ( = 1: 100), medium (1: 320), or high (1: 1,000).
Reporting of ANA patterns followed the recommendations of the 2018 International

Consensus on ANA testing.

Statistical processing

The percentages of ANA patterns and positive ANA titers are presented as three-
dimensional clustered bar charts. Statistical analyses were performed using SPSS
software. Eategorical variables were expressed as counts, while continuous variables
were expressed as mean + SD. Age differences among the three groups were analyzed
using a one-way analysis of variance (ANOVA). Gender distribution was reported as
male-to-female ratios with case numbers, and gender differences among groups were
assessed using the ¥2 test. Positive titers and positivity rates were compared using the

Kruskal-Wallis rank-sum test. g P value < 0.05 was considered statistically significant.

RESULTS




Baseline characteristics

Age differences among the CRC, CRP, and healthy control groups were analyzed using
one-way ANOVA after confirming homogeneity of variance. Results were expressed as
mean * SD. Gender distribution was reported as male-to-female ratios with case
numbers and compared using the 2 test.h

o statistically significant differences were

observed in either age or gender among the three groups (P > 0.05; Table 1).

ANA positivity rate

In the CRC group (n = 38), 19 cases were ANA-positive, yielding a positivity rate of
50.00%. In the CRP group (n = 43), 20 cases were ANA-positive, with a positivity rate of
46.51%. Both rates were significantly higher compared to the healthy control group
(6.90%). Overall, significant differences were observed among the three groups (P <
0.05). Pairwise comparisons revealed that both the CRC and CRP groups differed
significantly from the healthy control roup (P < 0.05), whereas no significant difference
was found between the CRC and CRP groups (P > 0.05; Tables 2-3).

Comparison of AN A-positive patients among groups

Distribution of ANA titers

As shown in Figure 1, ANA low-titer positivity was detected in all three groups, with
low titers representing the predominant category. In the CRC group, positive titers
were mainly low (1: 100, 28.95%), medium (1: 320, 15.79%), and high (1: 1,000, 5.26%). In
the CRP group, titers were predominantly low (1: 100, 37.21%) and medium (1: 320,
11.63%). In the healthy control group, only low titers (1: 100, 6.90%) were detected.
Statistical comparisons of low-titer ANA positivity among the three groups showed no
statistically significant difference (P > 0.05), whereas medium titers differed
significantly (P < 0.05). High titers were observed only in the CRC group and were
therefore not statistically analyzed (Table 4). Overall, ANA titers in the CRC group were
higher than those in the CRP group and healthy controls.




Distribution of ANA fluorescence patterns

In this study, ANA fluorescence patterns were relatively diverse across the three
groups. In the CRC group, the predominant patterns were nuclear granular (15.79%)
and cytoplasmic granular (15.79%) (Figure 2). In the CRP group, nuclear granular was
the most common (20.93%), followed by homogeneous type (11.63%) (Figure 3). In the
healthy control group, both nuclear granular (3.45%) and homogeneous (3.45%)
patterns were observed. (Figure 4). Overall, nuclear granular was the most frequent

pattern across all groups.

DISCUSSION

China has the highest annual incidence and mortality of CRC worldwide[18]. The
combination of high incidence, high malignancy, and poor prognosis makes clinical
management particularly challenging. CRC originates from epithelial cells of the large
intestine, including both rectal and colon cancers, with adenocarcinoma being the most
common pathologic type. Evidence indicates that 70-90% of CRCs develop from
adenomatous polyps through a multistep sequence: Normal intestinal mucosa,
followed by small polyps, then large polyps, heterogeneous hyperplasia, carcinoma,
and ultimately metastatic carcinoma. This progression typically takes 8-10 years.
Furthermore, the adenoma detection rate is inversely associated with CRC mortality;
each 1.0% increase in detection reduces CRC risk by 3%[18-21]. These findings highlight
the importance of early CRC screening and timely preventive or therapeutic
interventions. In this study, no significant difference in ANA positivity was observed
between the CRC and CRP groups, but both groups showed significantly higher
positivity than the healthy controls. These findings suggest that ANA testing is
associated with CRC and CRP. Accordingly, patients without autoimmune diseases
who test positive for ANA should undergo screening for CRP, and if polyps are
detected, further CRC screening is recommended. Such an approach may help reduce

CRC morbidity and mortality.




The production of tumor-related autoantibodies is primarily driven by antigenic
stimulation from tumor «cell destruction or immune dysregulation during
tumorigenesis[24]. Once formed, these autoantibodies can activate the immune system
to target tumor cells. Previous studies have suggested that autoantibodies, as products
of the tumor immune response, may serve as biomarkers for early tumor detection[25].
In CRC research, several studies have examined the relationship between
autoantibodies and early screening[26-27]. Whether ANA, as a group of autoantibodies
targeting self-antigens, is associated with CRC and can be used for early screening
remains an important research question. In this study, ANA positivity was analyzed in
the serum of the healthy control, CRC, and CRP groups. The differences were
statistically significant (P < 0.05). Specifically, ANA positivity was significantly higher
in both the CRC and CRP groups compared with healthy controls (P < 0.05), indicating
a correlation with CRC and CRP.

This study also identified a variety of ANA fluorescence patterns—such as nuclear
speckled, nuclear homogeneous, nuclear nucleolar, and cytoplasmic speckled —across
all groups, with nuclear speckled predominating. Both the CRP and CRC groups
exhibited a relatively diverse range of patterns. However, due to the limited sample
size, fluorescence pattern distributions were not statistically compared, and potential
differences remain unclear. In summary, ANA is associated with the initial diagnosis of
CRC and CRP. Patients with CRP who exhibit medium or high ANA titer levels should
be considered at increased risk and undergo early CRC screening for timely diagnosis
and intervention. Larger-scale studies are needed to validate specific ANA fluorescence

patterns and clarify their clinical significance.

CONCLUSION

Most CRCs develop from the malignant transformation of CRP. In this study, ANA was
detectable in both the CRP group and the CRC primary diagnosis group. ANA
positivity rates were significantly higher in these groups compared with the healthy
control group, indicating the potential utility of ANA testing in CRC detection. ANA




titers were generally low to medium in both groups, although high titers were observed
only in patients with CRC. The significant differences in ANA titers between the CRC
and CRP groups further indicate a potential role for ANA testing in early CRC
screening. Elevated ANA titers in patients with CRP may help identify individuals who
would benefit from early CRC surveillance. Given the limited sample size, statistical
analyses of ANA pattern distributions, positive titers, and positivity rates were
constrained. Future %udies with larger cohorts are needed to confirm these findings

and establish the clinical utility of ANA testing in CRC screening and risk stratification.
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