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Abstract

Background: The clinical significance of antinuclear antibodies 
(ANAs) in prostate cancer (PCa) remains unclear. This study aimed 
to determine the prevalence and potential clinical implications of 
ANA positivity in PCa patients and its association with transforming 
growth factor β1 (TGF-β1) and tumor-associated antigens.

Methods: ANAs were detected by indirect immunofluorescence in 
serum samples from 26 PCa patients. Serum prostate-specific antigen 
(PSA) was measured using an Immulite autoanalyzer. Immunohisto-
chemistry was performed to assess PSA, prostate-specific membrane 
antigen (PSMA), CD34, and Ki-67 expression in PCa tissues. Serum 
TGF-β1 levels were quantified by enzyme-linked immunosorbent as-
say (ELISA).

Results: ANA positivity was observed in 30.8% (8/26) of PCa pa-
tients. ANA-positive and ANA-negative groups were similar in age. 
The most common ANA pattern was mixed, while unique cytoplas-
mic, speckled, cytoskeletal, and rods-and-rings patterns appeared in 
individual cases. ANA positivity was more frequent in patients with 
high Gleason scores (62.5% vs. 37.5%; P = 0.016) and high PSA lev-
els (> 100 ng/mL). Median serum PSA was significantly higher in 
ANA-positive than ANA-negative patients (176 ng/mL vs. 51 ng/mL; 
P = 0.0046). Immunostaining for PSA, PSMA, and CD34 was signifi-
cantly stronger in ANA-positive tissues (P = 0.035, P = 0.035, and P 
= 0.033, respectively), while Ki-67 expression showed no difference. 

Conversely, serum TGF-β1 levels were higher in ANA-negative pa-
tients (16.59 ng/mL vs. 11.41 ng/mL; P = 0.04).

Conclusions: Our preliminary findings suggest that ANA positivity 
in PCa may be associated with higher PSA levels, increased tumor 
antigen expression, lower serum TGF-β1 levels, and more aggressive 
disease features. These observations raise the possibility that ANA 
positivity may be associated with markers of PCa aggressiveness; 
however, these findings should be considered exploratory and require 
confirmation in larger, independent cohorts before any conclusions 
can be drawn regarding the potential role of ANA as a biomarker of 
aggressive PCa.

Keywords: Antinuclear antibodies; PSA; PSMA; TGF-β1; Prostate 
cancer

Introduction

Prostate cancer (PCa) is one of the leading causes of cancer-
related death worldwide after lung cancer. It is also the most 
commonly diagnosed cancer among men aged 65 years or 
older, and mortality is mainly due to its late diagnosis and con-
sequent poor prognosis [1]. Hormone therapy is used during 
the early stage of PCa; however, neoplastic cells no longer re-
spond to this treatment [2]. Currently, treatments for advanced 
PCa have changed dramatically with the clinical development 
of immunotherapy [3]. Within immunotherapy strategy, the 
administration of antinuclear antibodies (ANAs) remains an 
attractive option for PCa therapy [4]. ANAs are a group of 
autoantibodies directed against nuclear components of cells. 
While ANA positivity is typically associated with autoim-
mune diseases such as systemic lupus erythematosus (SLE), 
their presence has also been documented in various malignan-
cies, including PCa [5, 6]. Circulating ANAs in PCa reflect the 
complex interaction between the immune system and cancer 
progression. Whereas the role of cellular immunity has been 
investigated widely and utilized in the clinic, the importance 
of ANA as part of humoral immunity in antitumor activity is 
no longer emerging area of research [7]. Autoantibodies found 
in a PCa patient may be classified into two broad categories: 
autoantibodies against antigens that are not directly related to 
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cancer such as ANA and autoantibodies against specific tumor 
antigens (tumor-associated antigens (TAAs)). In this context, 
TAAs such as prostate-specific antigen (PSA) and prostate-
specific membrane antigen (PSMA) can elicit autoantibody 
responses [4, 8]. PSA is a protein produced by both normal 
and cancerous cells in the prostate gland. Elevated PSA lev-
els can be an indicator of PCa condition. However, PSMA is 
a protein primarily found on the surface of PCa cells. While 
present in normal prostate tissue, PSMA expression is signifi-
cantly higher in PCa cells, especially in advanced and meta-
static disease [9, 10]. Moreover, PSMA imaging is valuable in 
identifying recurrence after surgery or radiation therapy [11]. 
In addition to PSA and PSMA, PCa cells highly express trans-
forming growth factor (TGF)-β, which elicits signaling path-
ways to induce migration and cell metastasis [12]. As reported, 
the involvement of TGF-β1 in PCa is controversial. While it 
generally acts as tumor suppressor in normal and early-stage 
PCa, it could also promote tumor growth and metastasis in ad-
vanced stages of PCa disease [13, 14].

There is a lack of data on ANA in PCa, and its clinical 
value in the malignant prostate is not fully understood. To ad-
dress this gap, we designed a study to explore the prevalence 
of ANA in PCa patients, to investigate its immunofluorescence 
pattern and to associate ANA presence with tumor character-
istics. Further, we focused on evaluating ANA-positive and 
ANA-negative profiles by assessing the association of ANA 
prevalence, TGF-β1 and PCa biomarkers in PCa patients.

Materials and Methods

Chemicals and kits

Human epithelial type 2 (HEp-2) indirect immunofluorescence 
(IIF) was performed using commercially available HEp-2 cell 
substrate slides (ANA HEp-2 kit, Euroimmun, Lubeck, Ger-
many). PSA DPC Immulite assays (Diagnostics Products Cor-
poration, Los Angeles, CA) were used to determine serum PSA 
levels. The NovoLink™ Polymer Detection System (Novocas-
tra Laboratories Ltd, Newcastle, UK) was used for immuno-
histochemistry analysis. The concentrations of TGF-β1 were 
measured by enzyme-linked immunosorbent assay (ELISA) 
assay (CSB-E04725h) following the manufacturer’s instruc-
tions (CUSABIO, Houston, USA). The primary antibodies 
used were: mouse anti-human PSMA (3E6), mouse anti-hu-
man PSA (ER-PR8), mouse anti-human CD34 (QBend10) 
(Dako, Glostrup, Denmark) and mouse anti-human Ki-67 
(CUSABIO, Houston, USA).

Study design and patients

This was a retrospective study of patients with malignant pros-
tate undergoing radical prostatectomy at La Rabta Hospital 
(Tunis, Tunisia). Following approval by the Institute Ethical 
Committee (6/2022) and written informed consent from all the 
participants in accordance with the Declaration of Helsinki, we 
retrospectively recruited 26 patients with PCa aged 58 to 85 

years in the study. Baseline laboratory and clinical data includ-
ing demographic details of the limited number of cases were 
retrieved from a medical record system. All pathological, clini-
cal, and personal data were anonymized and separated from 
personal identifiers.

Sampling for serology assays

Blood samples were processed according to hospital’s stand-
ard procedures. The peripheral blood samples were strictly 
collected for each study subject. For the serological testing, 5 
mL of whole blood was collected in a tube without anticoagu-
lant. The serum was allowed to separate (centrifuged for 20 
min at 2,000 rpm), aliquoted, and kept at −80 °C until ANA, 
PSA and TGF-β1 tests were performed.

Sampling for immunohistochemistry analysis

After radical prostatectomy, prostate tissues were fixed at 
room temperature in 0.1 M phosphate-buffered 10% formal-
dehyde, dehydrated and embedded in paraffin. Sections (3 
µm thick) were processed. Thereafter, the primary antibodies 
(PSA, PSMA, CD34 and Ki-67) were detected by immunohis-
tochemistry analysis.

Indirect immunofluorescence on HEp-2 cells

All the samples were screened to ANA by indirect immuno-
fluorescence on HEp-2 cells, using the commercially available 
kit ANA HEp-2 (Euroimmun, Lubeck, Germany) according 
to the manufacturer’s instructions. The fluorescence patterns 
were interpreted as cytoplasmic, speckled, cytoskeletal, mem-
branous, rods and rings. A titer of 1:160 or higher was con-
sidered to indicate ANA positivity. This cutoff was selected 
because low ANA titers, particularly 1:40 and 1:80, may occur 
relatively frequently in healthy individuals and may therefore 
have limited specificity. In contrast, a titer of 1:160 provides 
a more conservative threshold that reduces the likelihood of 
considering low-level, nonspecific ANA reactivity as clinical-
ly relevant. A previous study has reported that serum ANA cut-
off of 1:160 serum dilution has high specificity with the ability 
to exclude 95% of the normal samples [15], and thus we classi-
fied serum ANA cutoff at 1:160 and divided PCa patients into 
the ANA positive (ANA ≥ 1:160) and ANA-negative (ANA < 
1:160) groups. The clinical and histopathological characteris-
tics of patients with PCa were compared between the ANA-
positive and ANA-negative groups.

PSA immunoassays

PSA DPC Immulite assays (Diagnostics Products Corporation, 
Los Angeles, CA) were used to determine serum PSA levels in 
these patients before radical prostatectomy. These assays were 
performed according to the manufacturer’s instructions. This 
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was a double-site sandwich immunoassay performed in the 
solid phase, using the monoclonal and polyclonal anti-PSA an-
tibodies. The reaction was developed with an enhanced chemi-
luminescence. The normal PSA level by DPC was 4 ng/mL.

TGF-β1 immunoassays

TGF-β1 was assessed in PCa serum samples. The concen-
trations of TGF-β1 were measured by ELISA assay (CSB-
E04725h) following the manufacturer’s instructions (CUS-
ABIO, Houston, USA). It is a sandwich immunoassay. 
Quantification of serum TGF-β1 levels were performed before 
radical prostatectomy.

Immunohistochemistry analysis

Immunohistochemistry analysis was processed following the 
NovoLink™ Polymer Detection Systems (Novocastra Labo-
ratories Ltd, Newcastle, UK) method. The primary antibod-
ies used were: mouse anti-human PSMA (3E6), mouse anti-
human PSA (ER-PR8), mouse anti-human CD34 (QBend10) 
(Dako, Glostrup, Denmark) and mouse anti-human Ki-67 
(CUSABIO, Houston, USA). CD34 antibody was used to label 
vessels in the prostate tissues.

Sections (3 µm thick) were deparaffinized, rehydrated 
through graded alcohols and washed in deionized water. To re-
trieve antigens, sections were incubated in citric acid solution 
(0.1 M, pH 6) for 20 min in 98 °C using a water bath. Slides 
were allowed to cool for another 20 min, followed by wash-
ing in deionized water. Endogenous peroxidase activity was 
quenched by incubation with peroxidase block for 5 min. Each 
incubation step was carried out at room temperature and was 
followed by two sequential washes (5 min each) in TBS. Sec-
tions were incubated with protein block for 5 min to prevent 
nonspecific binding of the first antibody. Thereafter, the prima-
ry antibodies were applied at a dilution of 1:50 (PSMA), 1:100 
(PSA, CD34, Ki-67) in antibody diluents (Dako, Glostrup, 
Denmark) at room temperature for 30 min. Afterwards, the 
sections were incubated with post primary block for 30 min 
to block nonspecific polymer binding. The sections were incu-
bated with NovoLink™ Polymer for 30 min followed by incu-
bations with 3,3’-diaminobenzidine (DAB) working solution 
for 5 min to develop peroxidase activity. Slides were coun-
terstained with hematoxylin and mounted. Staining specificity 
was checked using negative controls. Prostatic tissues of each 
type were incubated in blocking peptides (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) instead of primary antibodies.

The observer performing the measurements was blinded 
to the experimental group and sample identity to minimize 
potential observer bias. In addition, the measurements were 
repeated on a randomly selected subset of sections to assess 
intra-observer reproducibility. The repeated measurements 
showed good agreement, confirming the reproducibility of the 
quantitative assessment.

Of each prostate, six histological sections were selected at 
random. In each section, the staining intensity (optical density 

(OD)) per unit surface area was measured with an automatic 
image analyzer (Motic Images Advanced version 3.2, Motic 
China Group Co., China) in five light microscopic fields per 
section, using the × 40 objective. The intensity of immunohis-
tochemical staining was quantified by measuring the OD of 
the positive staining within a defined tissue surface area. OD 
was expressed relative to the analyzed surface area in order to 
account for differences in the size of the regions evaluated and 
to provide a standardized measure of staining intensity. The 
regions of interest corresponding to the immunopositive areas 
were manually delineated by the investigator using the com-
puter mouse and the image-analysis software. Care was taken 
to accurately delimit the tissue areas to be analyzed while ex-
cluding background regions, tissue artifacts, folds, tears, and 
other non-representative areas. The image analyzer then auto-
matically calculated the OD within the manually selected ar-
eas. Delimitation of surface areas was carried out manually us-
ing the mouse of the image analyzer. To correct for nonspecific 
background staining and intrinsic OD of the tissue, a negative 
control section was analyzed for each immunostained section. 
For each positive immunostained section, one negative con-
trol section (the following in a series of consecutive sections) 
was also used, and the optic density of this control section was 
taken away from that of the stained section.

Statistical analysis

All statistical analyses were performed by GraphPad Prism 
software 5 (GraphPad PRISMA 5.0 computer program). Shap-
iro–Wilk normality test was conducted to estimate the distribu-
tion of the data. Categorical variables were expressed as num-
ber or percentages, and significance was detected by Fisher’s 
exact test. Continuous variables were expressed as mean and 
range or median and interquartile range (IQR) values. For nor-
mally distributed continuous variables, differences between 
groups were compared using Unpaired t-test; conversely, the 
Mann–Whitney U-test was used for continuous variables that 
were not normally distributed. For all statistical analysis, P < 
0.05 was considered statistically significant.

Results

Comparison of PCa patient characteristics depending on 
the ANA status

A total of 26 patients suffered from PCa with median age 
(range) 74 years (58–85) were enrolled in this study. Patients 
were categorized into two groups: ANA-positive (ANA ≥ 
1:160) and ANA-negative (ANA < 1:160). Comparative evalu-
ations of PCa patients with and without ANA have been de-
tailed in Table 1. ANAs were found in 30.8% (8/26) of the PCa 
patients. The proportion of patients with ANA-negative was 
69.2% (18/26) of the PCa patients. The ANA-positive group 
had a similar median age (range) (75 years (68–83)) as com-
pared to ANA-negative group (75 years (58–85), P = 0.977). 
The patients with ANA-positive status had a lesser frequency 
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among patients with Gleason score 6–7 as compared to patients 
with Gleason score 8–10 (37.5% vs 62.5%; P = 0.016) (Ta-
ble 1). Moreover, the ANA-positive group had a significantly 
higher median (IQR) sera PSA level (176 ng/mL (83.5–1203) 
vs 51 ng/mL (22.98–100); P = 0.0046)) as compared to ANA-
negative group (Table 1). Half of PCa patients with positive 
ANA received hormone treatment. Likewise, 55.6% (10/18) of 
patients received hormone treatment in ANA-negative group 
(Table 1). There was no significant difference in response to 
hormone therapy between ANA-positive and ANA-negative 
groups (P > 0.05). In the ANA-positive group, 25% (2/8) of 
patients did not respond to hormone therapy after a mean time 
of 12 months of treatment. Similarly, in the ANA-negative 
group, few patients did not respond to hormonal treatment 
(11.1% (2/18)). Furthermore, there was no significant differ-
ence between these two groups concerning metastasis of PCa 
(P > 0.05). Only one PCa patient developed metastasis in either 
the ANA-positive or ANA-negative groups (Table 1).

Details of the ANA patterns have been described in Table 
1 and Figure 1. Immunofluorescence showed a diversity of au-
toantibody patterns with cytoplasmic, speckled, cytoskeletal, 
rods and rings in one PCa patient for each ANA pattern. Nev-
ertheless, the most common pattern was mixed pattern (50% 
(4/8) of ANA-positive patients). Mixed patterns of ANA, in-
cluding speckled, midbody, nucleolar, and other cytoplasmic 
fluorescence, interfered with their detection (Table 1, Fig. 1).

Immunoreactivity to PCa biomarkers (PSA and PSMA) in 
ANA-positive and ANA-negative groups

To understand the association between PCa biomarkers and 

ANA status, we used immunohistochemistry analysis to evalu-
ate the expression of PSA and PSMA in PCa tissues. As shown 
in Figure 2, PSA exhibited low cytoplasmic staining; whereas 
PSMA was overexpressed in malignant prostate tissues. Fur-
thermore, PSMA has characteristic cytoplasmic but also strong 
membranous staining (Fig. 2). Notably, our investigation based 
on ANA status revealed a significant higher immunostaining 
to PSA in ANA-positive as compared to ANA-negative group 
(15.3 ± 3.3 vs 4.39 ± 2.37; P = 0.035) (Fig. 3). Likewise, im-
munoreactivity to PSMA was significantly more elevated in 
ANA-positive as compared to ANA-negative group (45.3 ± 
3.22 vs 24.71 ± 3.71; P = 0.035) (Fig. 3).

Proliferation index and angiogenesis depending on the 
ANA status in malignant prostate

To further evaluate the role of ANA in PCa progression, we 
performed immunohistochemistry assay to detect the prolif-
eration index Ki-67 in malignant prostate tissues. As shown 
in Figure 2, a strong immunoreactivity to Ki-67 was restricted 
to the nuclear of prostate tumor cells. However, our finding 
showed no significant variation in Ki-67 expression between 
ANA-positive and ANA-negative groups (23.78 ± 1.13 vs 
25.321 ± 1.83; P = 0.31) (Fig. 4). Next, the study assessed 
the association between ANA status and angiogenesis in PCa 
tissues. CD34 was used as biomarker of angiogenesis in ma-
lignant prostate tissues. Our results found that strong CD34 
immunoreactivity was restricted to the blood vessels of PCa 
tissues (Fig. 2). Interestingly, CD34 exhibited higher immu-
nostaining in ANA-positive group as compared to ANA-neg-
ative group (17.02 ± 1.74 vs 9.99 ± 1.06; P = 0.033) (Fig. 4).

Table 1.  Comparison of Malignant Prostate Lesions Characteristics According to Positivity of ANA (Positive ANA PCa Patients N = 
8; Negative ANA PCa Patients N = 18)

Characteristics All patients (n = 26) Positive ANA (n = 8, 30.8%) Negative ANA (n = 18, 69.2%) P value
Age, median (range) 74 (58–85) 75 (68–83) 75 (58–85) 0.977
Gleason score n (%)
    < 6 0 (0%) 0 (0%) 0 (0%)
    6–7 13 (50%) 3 (37.5%) 10 (55.6%) 0.016
    8–10 13 (50%) 5 (62.5) 8 (44.4%) 0.433
PSA ng/mL, median (IQR) 80 (31.9–698) 176 (83.5–1,203) 51 (22.98–100) 0.0046
Hormone therapy, n (%) 14 (53.9%) 4 (50%) 10 (55.6%) 0.113
Hormone escape, n (%) 4 (15.3%) 2 (25%) 2 (11.1%) 1.000
Metastasis, n (%) 2 (7.7%) 1 (12.5%) 1 (5.6%) 1.000
ANA pattern, n (%) — 0.485
    Cytoplasmic 1 (3.9%) 1 (12.5%) —
    Speckled 1 (3.9%) 1 (12.5%) —
    Cytoskeletal 1 (3.9%) 1 (12.5%) —
    Rods and rings 1 (3.9%) 1 (12.5%) —
    Mixed pattern 4 (15.3%) 4 (50%) —

ANA: antinuclear antibody; PCa: prostate cancer; PSA: prostate-specific antigen.
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Comparison of serum TGF-β1 levels in ANA-positive and 
ANA-negative PCa groups

To further investigate whether the expression of TGF-β1 is in-
fluenced by ANA status in PCa, we performed ELISA assay 
to evaluate TGF-β1 expression in sera of malignant prostate 
patients. As shown in Figure 5, we revealed significantly el-
evated TGF-β1 levels in ANA-negative group as compared to 
ANA-positive group (16.59 ± 1.59 ng/ml vs 11.41 ± 2.47 ng/
mL; P = 0.04) (Fig. 5).

Discussion

Our results showed that PCa patients have a scanty prevalence 
of positivity for ANA. These findings agree with those of Mo-
hammad et al [6], who studied 12 newly diagnosed PCa patients 
and found that only five cases of PCa patients were ANA posi-
tive. According to Sakakida et al [16], positive ANA titers were 
shown in nine out of 191 patients with non-small cell lung can-
cer. Another notable finding of the present study was that ANA 
positivity appeared to be associated with several PCa charac-
teristics, including Gleason score and serum PSA levels. Our 
finding showed that the ANA-positive group had significantly 
higher sera PSA compared to the ANA-negative group. Moreo-
ver, ANA positivity appeared to be more frequent among PCa 
patients with a high Gleason score than among those with an 
intermediate Gleason score. Previous studies have reported that 

ANA was frequently found in the sera of patients with solid neo-
plasms of the breast, colon, and lungs, or with lymphoma [17–
19]. Additionally, the prevalence of ANA positivity was higher 
in patients with breast cancer than in patients with benign lesions 
and controls [20]. An overrepresentation of ANA was confirmed 
and persisted in the cancer group with malignant pelvic disease 
compared to the benign pelvic disease group [21]. In the case 
of chronic liver disease, patients who developed hepatocellular 
carcinoma showed that the prevalence of patients with positive 
ANA increased from 27% of cases prior to cancer diagnosis to 
40% just before the cancer appearance. Furthermore, in those 
who were negative, nearly 30% of them converted to positive 
ANA when the cancer was detected [22]. Based on the results, 
ANA could play roles in disease aggressiveness and promoting 
PCa cell proliferation.

Several studies reported the existence of growing evidence 
of a bidirectional relationship between an immune response 
and cancer through autoantibodies. These findings showed that 
the immune system of such patients reacts to factors involved 
in carcinogenesis and that ANA, as part of this response, may 
not only be used as biomarkers of cancer and disease outcome, 
but also to characterize the tumor immune response. Autoanti-
bodies found in cancer subjects could be attributed to several 
cellular and humoral immunological aberrations, which occur 
during the tumorigenesis process [23, 24]. Therefore, the ob-
served presence of autoantibodies in PCa may reflect, at least 
in part, the complex interplay between immune responses and 
tumor progression. ANA belonged to the category of autoan-
tibodies that reacted to antigens that were not directly asso-

Figure 1. Representative images of ANA patterns in positive sera from patients with malignant prostate disease (n = 8): (a) 
cytoplasmic; (b) speckled; (c) cytoskeletal; (d) rods and rings; and (e) mixed pattern. Mixed patterns of ANA included speckled, 
midbody, nucleolar, and other cytoplasmic fluorescence, which interfered with their detection. Scale bar = 100 µm. ANA: antinu-
clear antibody.
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ciated with the tumor. ANA production may represent a con-
sequence of tumor-associated inflammation, tissue damage, 
oxidative stress, or increased exposure to TAAs rather than a 

direct contributor to tumor progression. These autoantibodies 
found in cancer patients could be involved in the regulation 
of cell cycle and mitosis [25]. The detection of ANA is tradi-
tionally performed with immunofluorescent techniques using 

Figure 3. Comparison of PSA and PSMA immunoreactivity in malig-
nant prostate patients depending on the ANA positivity (positive ANA 
PCa patients n = 8; negative ANA PCa patients n = 18). *P < 0.05. 
ANA: antinuclear antibody; PSA: prostate-specific antigen; PCa: pros-
tate cancer; PSMA: prostate-specific membrane antigen.

Figure 4. Ki67 and CD34 immunoexpression among prostate cancer 
patients according to the ANA positivity (positive ANA PCa patients n 
= 8; negative ANA PCa patients n = 18). *P < 0.05. ANA: antinuclear 
antibody; PCa: prostate cancer.

Figure 2. Immunostaining of PSA, PSMA, CD34, and Ki-67 expression in human prostate cancer tissues (n = 26). (a) PSA shows 
low cytoplasmic staining. (b) PSMA has characteristic cytoplasmic but also strong membranous staining. (c) CD34 immunoreac-
tivity is restricted to the blood vessels. (d) Ki-67 shows high nuclear staining. Scale bar = 100 µm. PSA: prostate-specific antigen; 
PSMA: prostate-specific membrane antigen.
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human epithelial cell lines (HEp-2) as substrates. These tech-
niques unravel distinct staining patterns that are highly valued 
in the tumorigenesis process. Staining patterns that act as fin-
gerprints, such as homogeneous, nucleolar, speckled, and cy-
toplasmic patterns, were indicative of potential connections to 
cancer aggressiveness [26, 27]. In this study, it was found that 
numerous ANA patterns were present in PCa patients, such as 
cytoplasmic, speckled, cytoskeletal, rods and rings patterns. 
However, a mixed pattern of ANA was the most frequently ob-
served in the current study. Studies have shown that a nucleo-
lar ANA pattern was associated with a higher risk of cancer, 
including leukemia, and may indicate a more aggressive form 
of the disease, while homogeneous and speckled ANA patterns 
were often linked to a good cancer prognosis [20, 26, 28]. A 
mixed pattern should not be ignored and could be indicative of 
certain tumors [29].

As with other cancer types, in PCa, TAAs such as PSA 
and PSMA could elicit autoantibody responses. Consequently, 
the immune system might recognize abnormal expression or 
post-translational modifications of these proteins as foreign, 
triggering an autoimmune response [4, 8]. Depending on ANA 
positivity, it was found that both PSA and PSMA were signifi-
cantly more highly expressed in the ANA-positive group com-
pared to the ANA-negative group. These findings suggested 
an association between upregulation of PCa biomarkers (PSA 
and PSMA) and ANA expression in the context of prostate ma-
lignant disease. In a prior study, we found that PCa patients 
with the (PSA+, PSMA+) phenotype could be indicative of 
advanced PCa with poor prognosis. PSMA was overexpressed 
in this PCa group with the (PSA+, PSMA+) phenotype [9]. 
Another notable finding of the present study was that CD34 
expression appeared to be higher in ANA-positive PCa pa-
tients than in ANA-negative patients. In PCa, CD34 is often 
used as a marker to assess angiogenesis, which is essential for 
PCa cells to spread and develop metastasis. Moreover, overex-
pression of CD34 might indicate more aggressive PCa and a 
higher risk of recurrence after treatment [30]. According to the 

current results, ANA were more indicative of aggressive PCa 
and played a role in promoting PCa development and progres-
sion. The presence of autoantibodies could indicate that ANA 
blocks tumor-suppressive pathways, promoting inflammation 
and tumor progression of PCa. Our findings agree with those 
of Skare et al [31], which found that ANA was more common 
in invasive cervical lesions than in controls or noninvasive 
lesions. Several studies found significant ANA positivity in 
breast, colon, lungs and lymphoma cancer patients compared 
to benign and controls, especially in advanced cases [17–19]. 
Conversely, some authors agree with anti-tumor effect of ANA 
in patients with neoplastic disease. They suggested that the im-
mune system of these patients may respond to factors involved 
in carcinogenesis, with ANA production potentially represent-
ing part of this immune response and being associated with a 
protective effect against tumor progression. Thus, the presence 
of autoantibodies may reflect an ongoing immune response 
and potentially contribute to immune surveillance against 
tumor cells [32, 33]. Experimental studies have shown that 
ANA could enhance antibodies-dependent cellular cytotoxic-
ity (ADCC) and cytokine production, promoting the activity of 
immune system [32, 33]. This idea was supported by the fact 
that a monoclonal tumor cell surface-reactive ANA suppressed 
the growth of an aggressive PCa cells [4].

In our cohort, no significant association was observed be-
tween ANA positivity and the Ki-67 proliferation index in pa-
tients with PCa. As in other solid tumors, Ki-67 is a commonly 
used marker to assess the rate of PCa cell proliferation. Fur-
thermore, Ki-67 might predict PCa aggressiveness and resist-
ance to the treatment [34]. However, a previous study showed 
variability of Ki-67 in high-grade PCa, with surprisingly low 
Ki-67 expression in a subset of cases [35].

Accumulating evidence has shown the involvement of the 
multifunctional cytokine TGF-β1 in PCa progression and in 
immune response against tumor cells [36]. One of the novel 
findings of this study is that serum TGF-β1 level in the ANA-
positive PCa group was lower than that in ANA-negative PCa 
group. Furthermore, ANA positivity was more observed in 
advanced cases of PCa patients with high Gleason grade. It 
was previously reported that serum TGF-β1 level correlated 
with prostate disease grade, clinical stage and metastasis [37, 
38]. These findings, together with our preliminary data, sug-
gest a possible inverse association between ANA positivity 
and TGF-β1 levels in the context of PCa. The present study 
cannot establish a causal relationship between ANA positivity 
and reduced TGF-β1 levels. It remains unclear whether altered 
TGF-β1 levels contribute to autoantibody production, are a 
consequence of tumor-associated immune alterations, or rep-
resent an indirect association.

The effect of TGF-β1 on PCa cell proliferation and its in-
volvement in immune response against PCa remained contro-
versial. Both inhibition and promoting PCa cell proliferation 
and aggressiveness were reported. While it generally inhib-
ited cell growth in normal and early-stage PCa, it could also 
promote tumor growth and metastasis in later stages of PCa 
disease [13, 14]. Nevertheless, Reis et al [39] showed that de-
creased TGF-β expression was associated with PCa progres-
sion. Additionally, TGF-β could inhibit the activity of immune 

Figure 5. TGF-β1 levels among prostate cancer patients depending 
on the ANA positivity (positive ANA PCa patients n = 8; negative ANA 
PCa patients n = 18). *P < 0.05. ANA: antinuclear antibody; TGF-β1: 
transforming growth factor β1; PCa: prostate cancer.
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cells like T cells, natural killer (NK) cells, and dendritic cells, 
preventing them from effectively attacking cancer cells [40, 41].

In PCa, one of the best-characterized nuclear autoanti-
gens is lens epithelium-derived growth factor p75 (LEDGF/
p75), also known as DFS70. Daniels et al [42] demonstrated 
that LEDGF/p75 is a target of antinuclear autoantibodies in 
patients with PCa and proposed that its high expression in 
prostate tumors and release during apoptosis may contribute to 
the development of this humoral immune response. Research 
increasingly suggests that the ongoing production of tumor-
associated autoantibodies and chronic inflammatory responses 
in PCa could result in the infiltration and activation of immu-
nosuppressive cells. This process established an immunosup-
pressive microenvironment that promotes prostate tumor im-
mune evasion [43].

Our study tried to overcome the shortcomings of the pre-
vious studies, but we still have some limitations including the 
relatively small number of paired samples, which limits the 
statistical power of the analysis and may restrict the general-
izability of the findings. Future studies should include larger, 
independent, and preferably multicenter cohorts to validate the 
present findings and allow for more robust statistical analyses 
and control of the false-positive rate when multiple compari-
sons are performed. Second, the titers of autoantibodies directed 
against PSA and PSMA, were not quantitatively assessed. Fu-
ture investigations should incorporate quantitative measurement 
of these autoantibody responses to determine their association 
with clinical and pathological characteristics and to evaluate 
their potential diagnostic or prognostic value. Importantly, with-
out an appropriate control group, it is not possible to determine 
whether the observed ANA positivity is specific to PCa or may 
also occur in healthy individuals or patients with benign pros-
tatic conditions. Consequently, the present findings should be 
interpreted as describing the association of ANA positivity with 
clinicopathological characteristics within the PCa cohort rather 
than establishing ANA as a PCa-specific biomarker. Finally, the 
molecular assays were evaluated in a limited manner. Further 
studies should incorporate a more comprehensive molecular 
characterization using validated and quantitative molecular as-
says. Such approaches could provide additional insight into the 
underlying molecular mechanisms and help determine whether 
the observed findings can be translated into clinically relevant 
biomarkers. Future prospective studies involving larger and 
well-characterized cohorts, paired samples, including patients 
with different stages of PCa, particularly advanced and meta-
static disease, quantitative autoantibody measurements, and 
comprehensive molecular analyses are therefore warranted to 
validate and extend the findings of the present study.

Conclusions

Taken together, although ANA prevalence was relatively low 
among patients with PCa, ANA positivity appeared to be more 
frequent in patients with advanced disease and higher Gleason 
scores. ANA positivity was also associated with higher expres-
sion of the prostate TAAs PSA and PSMA and increased CD34 
expression, whereas serum TGF-β1 levels were lower in ANA-

positive than in ANA-negative patients. These findings suggest 
a possible association between ANA positivity and features of 
more advanced PCa. However, given the limited sample size 
and exploratory nature of this study, these results should be 
considered preliminary and hypothesis-generating rather than 
definitive evidence of clinical utility. ANA may represent a 
potentially promising biomarker of disease characteristics in 
PCa, but its diagnostic or prognostic value requires confirma-
tion in larger, independent, and preferably prospective mul-
ticenter studies with adequate follow-up and comprehensive 
assessment of autoantibody profiles. Such studies may also 
provide further insight into the immunobiological mechanisms 
underlying ANA production in PCa and determine its potential 
relevance in clinical practice.
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