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Background: Proteinase 3 (PRTN3) has been recognized as a crucial target for
anti-neutrophil cytoplasmic autoantibody. However, the relationship between
anti-PRTN3 autoantibody and cancer remains largely unexplored.

Methods: Immunohistochemistry was used to detect the level of PRTN3 in lung
adenocarcinoma (LUAD) tissue array. Enzyme-linked immunosorbent assay was
conducted to measure anti-PRTN3 IgG and IgM autoantibodies in plasma from
patients with early- and advanced-stage LUAD, benign pulmonary nodules (BPN)
and normal control (NC). Western blotting and immunofluorescence staining
were performed to confirm the presence of plasma immune response to PRTN3.

Results: PRTN3 protein was highly expressed in LUAD tissues. Elevated plasma
levels of anti-PRTN3 IgG and IgM autoantibodies were also detected in LUAD,
especially in early LUAD. The AUC of anti-PRTN3 IgG autoantibodies in the
diagnosis of early LUAD from NC was 0.782, and from BPN was 0.761. When CEA
and anti-PRTN3 autoantibodies were combined, the AUC for the diagnosis of
early LUAD was significantly higher than that of CEA alone. The presence of a
plasma immune response to PRTN3 in LUAD was also confirmed.

Conclusion: Anti-PRTN3 IgG and IgM autoantibodies maybe early biomarkers to
differentiate LUAD from NC and BPN.
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1 Introduction

In recent decades, lung cancer (LC) is the leading cause of cancer
death globally (1, 2). Specifically, lung adenocarcinoma (LUAD) is the
most common subtype of LC (3). The early-stage of LC holds the
greatest potential for therapeutic intervention. However, it does not
exhibit any signs or symptoms, resulting in delayed diagnosis in the
advanced-stage LC (4). It has been reported that only 16% of LC
patients are diagnosed at an early stage (5). Low-dose CT (LDCT) is
currently the most effective method for early diagnosis of LC. However,
LDCT still struggles to accurately determine whether screened
pulmonary nodules are benign and malignant (6). This often leads to
unnecessary follow-up CT scans, additional tests, biopsies, and even
surgery, causing an unnecessary mental and financial burden on
patients. Traditional methods for LUAD detection involve the use of
tumor markers (TMs). According to reports, CEA levels are
abnormally elevated in 40% of LUAD patients, making CEA a
specific marker for LUAD diagnosis (7). However, it lacks the
enough sensitivity and specificity to detection and diagnose LUAD
in clinical settings or serve as an early biomarker for LUAD patients
(8). Therefore, the development of a non-invasive LUAD biomarker
that can differentiate between benign and malignant pulmonary
nodules is essential for improving prognosis and reducing the risk
of overdiagnosis.

Since the early stage of cancer activates the body’s immune
surveillance function (9), the immune system is capable of triggering
specific host immune responses against tumor-associated antigens
(TAAs). This results in the presence of corresponding autoantibodies
against tumor-associated antigens (TAAbs), which can be detected in
the plasma (10). TAADbs are stable and persist at high levels in the
plasma of cancer patients for extended periods, especially in
comparison to their absence in normal individuals and non-
cancerous conditions (9). This suggests that TAAbs may serve as
immunodiagnostic markers for the early diagnosis of cancer (11, 12).
TAAbs generally include adaptive IgG or IgM, as well as other isotypes
(13). However, recent reports on TAAbs biomarkers have primarily
focused on studying IgG isotype autoantibodies. It should be noted that
IgM not only forms part of the body’s first line of defense but also plays
a role in recognizing precancerous and cancer cells (14-16). Therefore,
it is essential to explore both IgG and IgM autoantibodies as cancer
diagnostic biomarkers to ensure broad clinical application.

Inflammation is considered one of the main factors contributing
to the production of TAAbs in cancer patients (17, 18). PRTN3, also
known as myeloblastic protein or cytoplasmic pattern of
antineutrophil cytoplasmic autoantibodies (c-ANCA) antigen, is a
hematopoietic serine protease stored in the cytoplasmic azurophilic
granules of neutrophils. It is involved in various inflammatory
diseases (19). In granulomatosis with polyangiitis, anti-PRTN3
autoantibodies may induce vasculitis by recognizing membrane-
bound PRTN?3 (20). Moreover, PRTN3 is used as a biomarker for
ulcerative colitis and primary sclerosing cholangitis in children (21).
There have been documented associations between PRTN3 protein
and cancer progression (22-25). However, the relationship between
anti-PRTN3 autoantibodies and LUAD remains largely unknown.

In this study, we investigated the levels of anti-PRTN3
autoantibodies (IgG and IgM) in a large plasma sample consisting
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of individuals with LUAD, normal control (NC) and benign
pulmonary nodules (BPN). Our aim was to determine the
potential significance of anti-PRTN3 autoantibodies as novel early
biomarkers for distinguishing LUAD from BPN and NC.

2 Materials and methods
2.1 Immunohistochemical assay

The human LUAD tissue array was obtained from Bioaitech Co.
LTD (No. R076Lu01, Xian, China). Anti-PRTN3 antibody (Abcam,
ab103632, Cambridge, UK) was provided as the primary antibody. All
IHC analysis results were obtained from two independent
pathologists. The degree of immunostaining was scored based on
the intensity of positivity and the percentage of positive cells. The IHC
scores were calculated as the positive intensity score multiplied by the
percentage of positive cells, ranging from score 0 to 12. The intensity
of positivity was graded according to the following criteria: negative
score was 0; weak positive score was 1; moderate positive score was 2;
strong positive score was 3. The percentage of staining positive cells
was scored as follows: score 1 (1 ~ 25% positive), score 2 (26 ~ 50%
positive), score 3 (51 ~ 75% positive), score 4 (76 ~ 100% positive).

2.2 Plasma from patients and controls

Plasma samples of two independent sets (training set and
validation set) were used and detailed characteristics were shown
in Table 1. The training set consisted of 95 LUAD patients and 98
NC matched by sex and age. In addition, 275 LUAD patients, 223
matched BPN patients, 82 matched lung squamous cell carcinoma
(LUSC) patients and 275 matched NC were included in the
validation set. All samples were collected from November 2019 to
May 2022 from the First Affiliated Hospital of Zhengzhou
University. Plasma samples from all patients were taken at the
time of the patients’ first diagnosis and the patients were free of any
other cancer, antineoplastic therapy, and autoimmune disease. All
NC were healthy physical examination individuals with no history
of cancer, pulmonary disease, or autoimmune disease. Plasma was
extracted and stored according to standard protocols (26). The
study was approved by the Medical Ethics Committee of
Zhengzhou University, and all patients and NC signed an
informed consent form before participating in the study.

2.3 Enzyme-linked immunosorbent assay

The recombinant PRTN3 protein was obtained from Cloud-
Clone Corp (No. RPB434Hu01, Wuhan, China). In brief,
recombinant human protein PRTN3 was coated to 96-well
microliter plates as antigens. Plates were then blocked with 2%
BSA. The plasma samples were used as the primary antibody at the
dilution of 1:100. The secondary antibodies were goat anti-human
IgG and goat anti-human IgM conjugated horseradish peroxidase
(HRP) (Wuhan Aoko Biotechnology Co. LTD), which was diluted
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TABLE 1 The characteristics of plasma subjects.

10.3389/fimmu.2025.1534078

Training set Validation set
Variables | N LUAD NC BPN LUAD

(n=98) (n=95) (n=275) (n=223) (n=275)
Age (year) >0.05 >0.05
>55 62 (63.3) 54 (56.8) 158 (57.5) 123 (55.2) 157 (57.1) 48 (58.5)
<55 36 (36.7) 41 (43.2) 117 (42.5) 100 (44.8) 118 (42.9) 34 (41.5)
Mean + SD 55+8 59 + 11 56 + 11 55+ 12 56 + 11 56 + 11
Gender, n (%) >0.05 >0.05
Male 57 (58.2) 55 (57.8) 160 (58.2) 139 (62.3) 160 (58.2) 46 (56.1)
Female 41 (41.8) 50 (42.1) 115 (41.8) 84 (37.6) 115 (41.8) 36 (43.9)
Diameter, n (%)
<30mm 31 (32.6) 127 (56.9) 193 (70.2) 14 (17.1)
>30mm 57 (60.0) 44 (19.7) 56 (20.4) 8 (0.09)
Unknown 7 (7.4) 52 (23.3) 26 (9.4) 60 (73.2)
Lymph node metastasis, n (%)
Yes 45 (47.4) 63 (22.7) 43 (524)
No 47 (49.5) 191 (69.4) 33 (40.2)
Unknown 3(32) 21 (8.0) 6 (0.0.7)
Distant metastasis, n (%)
Yes 29 (30.5) 28 (10.2) 10 (12.2)
No 58 (61.1) 218 (79.3) 57 (69.5)
Unknown 8 (8.4) 29 (10.5) 15 (18.3)
Clinical stage, n (%)
I 36 (37.8) 168 (61.0) 18 (21.9)
i 15 (15.7) 15 (5.4) 9 (11.0)
I 13 (13.6) 34 (12.3) 25 (30.5)
v 28 (29.4) 26 (9.4) 8 (0.10)
Unknown 3(3.1) 32 (11.6) 22 (26.8)

LUAD, lung adenocarcinoma; BPN, benign pulmonary nodule; NC, normal control.

at 1:5000. Blank control and quality control were set on each plate
to ensure the assay quality. The blank control was defined as no
antibody was added and all other steps were the same. The quality
control plasma was an equal mixture of 100 NC plasma samples.
The diagnosis value was expressed as specific binding index (SBI),
which was calculated by the formula: SBI= (OD value of test plasma
sample - OD value of blank control sample)/(OD value of quality
control sample - OD value of blank control sample).

2.4 Western blotting

The plasma samples of LUAD patients with positive ELISA
results, BPN patients and NC with negative ELISA results were
randomly selected for western blotting to further verify the ELISA
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results. To ensure uniform testing conditions for all plasma
samples, the recombinant protein PRTN3 (21kD) underwent
denaturation at 99°C. It was then separated using SDS-PAGE and
transferred onto a PVDF membrane. The PVDF membrane was
subsequently cut into 16 strips and incubated with the
corresponding 1:100 dilution of plasma or a 1:500 dilution of
anti-PRTN3 antibody. As a positive control, rabbit monoclonal
anti-PRTN3 antibody was utilized. Following this, the plasma
samples were incubated with goat anti-human IgG conjugated to
horseradish peroxidase (HRP) at a dilution of 1:2500. For the
secondary antibody of the positive control, goat anti-rabbit IgG
was used. By denaturing and transferring the recombinant protein,
followed by cutting the PVDF membrane into strips and using
specific dilutions for the plasma samples and antibodies, the
immune response to PRTN3 could be accurately detected.
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2.5 Immunofluorescence staining

LUAD patients with the strongest immunoreactivity to PRTN3
recombinant protein in western blotting and NC plasma with
negative expression were selected for IF staining. LUAD and NC
plasma were preabsorbed with recombinant PRTN3 protein, and
the IF signal before and after PRTN3 absorption was detected by IF.
A549 cells and H1299 cells in logarithmic growth phase were
allowed to grow on a cover slip. The cells were fixed with 4%
paraformaldehyde, permeabilized with 0.2% TritonX-100, blocked
with 1% BSA, and then incubated with the plasma (diluted at 1:100)
overnight. Rabbit monoclonal anti-PRTN3 antibody was regarded
as a positive control. FITC-labeled goat anti-human IgG was used as
the corresponding secondary antibody for plasma, and goat anti-
rabbit IgG was used as the secondary antibody for the positive
control. Finally, the slides were sealed with anti-fluorescence
quench sealant containing DAPI. All images were acquired under
the same conditions.

2.6 Statistical analysis

SPSS Statistics 26.0 and GraphPad Prism 9.5 software were
used for data analysis and visualization. IHC scores in IHC were
analyzed by independent t-test. In addition, Mann-Whitney U test
was used to analyze the difference of autoantibodies levels between
different populations. 2 test was used to evaluate the difference of
autoantibodies positive rates. Logistic regression was used to
establish a combined diagnostic model of autoantibodies and
TMs. The area under the curve (AUC) and 95% confidence
interval (CI) of receiver operating characteristic (ROC) were
used to evaluate the diagnostic performance of biomarkers and
models. The SBI value at the maximum Youden’s index was used
as the cut-off value to determine the sensitivity and specificity of
diagnosis. In all tests, P < 0.05 (two-tailed) was considered
statistically significant.

3 Results

3.1 PRTN3 protein was highly expressed in
LUAD tissues

This study was conducted in four phases and aimed to
investigate the autoantibodies response to PRTN3 in LUAD
(Figure 1). We first analyzed the levels of PRTN3 protein in a
tissue array containing 61 LUAD samples, 5 para-carcinoma
samples, and 10 NC samples using IHC. Our findings revealed
that the expression of PRTN3 protein was significantly higher in
LUAD tissues compared to para-carcinoma and NC tissues (P <
0.0001) (Figures 2A, B). Furthermore, when considering the
pathological grades (G1, G2, and G3), we observed a greater
presence of strong PRTN3 expression in G2 and G3 LUAD
tissues compared to G1 and NC tissues (Figure 2C). These results
suggest that PRTN3 protein is highly expressed in LUAD tissues
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and positively correlates with the pathological grade, indicating its
potential as an autoantigen in LUAD.

3.2 Plasma IgG and IgM autoantibodies
against PRTN3 were significantly increased
in LUAD and valuable in the diagnosis

of LUAD

We firstly examined anti-PRTN3 IgG and IgM autoantibodies
in the training set, the results revealed that the expression levels
of anti-PRTN3 IgG and IgM autoantibodies in LUAD were
significantly higher than NC (P<0.001) (Figures 3A, B). To
further validate these findings, we assessed the levels of
autoantibodies in the validation set with a larger number of
samples. We observed significantly elevated levels of IgG and IgM
autoantibody responses to PRTN3 in LUAD when compared to
BPN, NC (P<0.0001) (Figures 3C, D). These data suggest that
plasma IgG and IgM autoantibodies targeting PRTN3 have the
potential to serve as biomarkers for the diagnosis of LUAD.

To further evaluate their potential significance, we generated
ROC curves. The ROC analysis demonstrated the ability of IgG and
IgM autoantibodies targeting PRTN3 to distinguish LUAD from NC
in both the training and validation sets. In the training set, the AUC
for anti-PRTN3 IgG was 0.717 (95% CI: 0.644-0.789) (Figure 3E), and
for IgM, it was 0.640 (95% CI: 0.563-0.718) (Figure 3F). In the
validation set, with a larger sample size, the AUC of IgG in
distinguishing LUAD from BPN was 0.696 (95%CI: 0.659-0.753)
and from NC was 0.697 (95%CI: 0.651-0.743) (Figure 3G). Similarly,
anti-PRTN3 IgM autoantibodies also exhibited good diagnostic
efficacy in the diagnosis of LUAD, with AUC values of 0.651 (95%
CI: 0.604-0.699) for distinguishing LUAD from BPN, 0.688 (95% CI:
0.644-0.731) for distinguishing from NC (Figure 3H). Furthermore,
after defining the positive cut-off value, the distribution of positive
anti-PRTN3 IgG and IgM autoantibodies was statistically analyzed.
The percentage of positive anti-PRTN3 IgG (Figures 31, K) and IgM
(Figures 3], L) autoantibodies in LUAD patients were significantly
higher than in both NC and BPN groups, in both the training and
validation sets (P<0.0001). Additionally, the positive predictive value
(PPV) and negative predictive value (NPV) of the autoantibodies in
the validation set were summarized in Table 2. These findings
strongly indicate that anti-PRTN3 IgG and IgM autoantibodies
have the potential to serve as valuable biomarkers for
distinguishing LUAD from BPN and NC.

These findings strongly indicate that anti-PRTN3 IgG and IgM
autoantibodies have the potential to serve as valuable biomarkers
for distinguishing LUAD from BPN and NC.

3.3 Anti-PRTN3 autoantibodies show
promise as early biomarkers for LUAD

We next investigated whether anti-PRTN3 autoantibodies can

serve as early diagnostic biomarkers for LUAD. Accordingly, we
classified LUAD into early- stage (I+II) and advanced-stages (III+IV)

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1534078
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

10.3389/fimmu.2025.1534078

[ )
& IHC 9o -
Phase s : Microscope
I ® IHC score
'61 LUAD tissues | 5 10 e
PRTNS3 protein | (Grade1=15 ;  para- NC
expression | Grade2=31 | carcinoma  fisg s
| Grade3=15) | tissues
® antt PRTNS 190 antl SRS g
Phase & ELISA .
o . ROC
3 8 o : Positive rates
Anti-PRTN3 autoantibody 95 08 ¥
in training set LUAD NC o v
o =
N R ; 8
Y °
Phase ELISA 7 4 8 ROC
I — s Positive rates
77777777777 ) PRI 0 anti-PRTNG-IgM Combining with CEA
! | 223 275 —
Anti-PRTN3 autoantibody| | (217 853'#;'3 | BPN s = s
i idati l 8 3
in validation set | 60 Advanced) ;
Plasma Immunofluorescence
Phase western blotting staining
= ... i =
5
| =
The immune response = h I =
to PRTN3 in LUAD ] 0

FIGURE 1

The flow diagram of this study. LUAD, lung adenocarcinoma; NC, normal control; IHC, immunohistochemistry; ELISA, enzyme-linked

immunosorbent assay; BPN, benign pulmonary nodule.

based on clinical staging. The LUAD plasma samples in the validation
set included 183 early-stage LUAD plasma samples and 60 advanced-
stage LUAD plasma samples. Interestingly, the SBI of autoantibodies
was significantly higher in early-and advanced-stage LUAD compared
to both NC (Figures 4A, B) and BPN (Figures 4C, D) (P<0.0001). The
AUCG:s for distinguishing early-stage LUAD from NC were 0.707 (95%
CIL: 0.660-0.754) for IgG and 0.695 (95% CI: 0.646-0.743) for IgM
(Figure 4E). Similarly, the AUCs for distinguishing advanced-stage
LUAD from NC were 0.671 (95% CIL: 0.596-0.746) for IgG and 0.709
(95% CI: 0.636-0.781) for IgM (Figure 4F). Furthermore, the AUCs for
differentiating early-stage LUAD from BPN were 0.710 (95% CI: 0.660-
0.759) for IgG and 0.656 (95% CI: 0.603-0.709) for IgM (Figure 4G),
while the AUCs for distinguishing advanced-stage LUAD from BPN
were 0.668 (95% CI: 0.593-0.744) for IgG and 0.679 (95% CI: 0.559-
0.759) for IgM (Figure 4H). Notably, there were no significant
differences in SBI and AUC between early- and advanced-stage
LUAD. These findings suggest that anti-PRTN3 autoantibodies could
differentiate early-stage LUAD from BPN and NC.
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3.4 Evaluation on anti-PRTN3
autoantibodies for differentiating LUAD
based on clinical characteristics

We also studied the capability of anti-PRTN3 IgG and IgM
autoantibodies to differentiate LUAD patients with different clinical
features from BPN and NC. LUAD patients were categorized into
subtypes based on TNM stage, age, sex, lymph node metastasis, distant
metastasis, and tumor size. The ROC curves of anti-PRTN3
autoantibodies for diagnosing various characteristics of LUAD were
depicted in Supplementary Figures SIA-T. The AUC values were
generally similar across different subgroups, indicating that
autoantibodies exhibited good diagnostic value for LUAD with
different clinical characteristics (ROC>0.6). There were no statistically
significant differences in the expression levels of autoantibodies between
paired clinical characteristics, except for sex (Supplementary Figures
S2A, B). These findings suggest that anti-PRTN3 autoantibodies are
consistently expressed in LUAD patients with diverse clinical features.
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PRTN3 protein was highly expressed in LUAD tissues. (A) Representative IHC staining images of PRTN3 protein in NC tissue, para-cancerous tissue
and LUAD tissue from tissue array (obtained at 20X by microscope). (B) Statistical analyses of the IHC scores of PRTN3 expression in NC tissues,
para-cancerous tissues and LUAD tissues. (C) The expression profiles of PRTN3 in NC tissues and different pathological grades of LUAD tissues. NC,
normal control; Para, para-carcinoma. ****P < 0.0001. Scale bars, 50um. Lines represented quartile and median.

Moreover, we investigated whether the diagnostic ability of
anti-PRTN3 IgG and IgM autoantibodies for LUAD were specific to
this histological subtype or if it extended to LUSC. The results
revealed that the expression level of anti-PRTN3 IgG autoantibody
was also significantly higher in LUSC compared to NC (P<0.0001)
(Supplementary Figure S3A). It could differentiate LUSC from NC,
the AUC for distinguishing was 0.707 (95% CI: 0.660-0.754)
(Supplementary Figure S3B). However, anti-PRTN3 IgM
autoantibody appeared to be specific only for LUAD, as it was
not found to be significantly expressed at elevated levels in
LUSC (Supplementary Figure S3C). It can distinguish LUAD
from LUSC with an AUC of 0.651 (95% CI:0.680-0.772)
(Supplementary Figure S3D). These findings indicate that while
anti-PRTN3 IgG autoantibody has the potential to serve as a

Frontiers in Immunology

Percentage (%)

06

10.3389/fimmu.2025.1534078

Fim %

. e
Sl 1S

100+ weak
moderate
75 == strong

50
254
0 -

NC G1 G2 G3

N 15 15 31 15

diagnostic biomarker not only for LUAD but also for LUSC, anti-
PRTN3 IgM autoantibody can be specific to LUAD.

3.5 Combining anti-PRTN3 autoantibodies
with CEA significantly improved the
diagnostic value for LUAD

Currently, the combination of biomarkers and/or clinical
parameters is gaining attention in research (27, 28).In our study,
we compared 212 NC individuals with information on the LUAD-
specific biomarker CEA, 128 BPN patients, 125 LUAD patients also
with information on CEA. By utilizing binary logistic regression, we
combined CEA with anti-PRTN3 IgG and IgM autoantibodies
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adenocarcinoma; BPN, benign pulmonary nodule; NC, normal control; ****P < 0.0001; ***P < 0.001. Lines represented median.

statistically. The AUC for the combined anti-PRTN3 IgG and IgM
autoantibodies was 0.770 (95% CI: 0.732-0.809) for distinguishing
LUAD from NC (Figure 5A), 0.782 (95% CI: 0.739-0.825) for
distinguishing early LUAD from NC (Figure 5C). The AUC for
the combined anti-PRTN3 IgG and IgM autoantibodies was 0.750
(95% CI: 0.707-0.792) for differentiating LUAD from BPN
(Figure 5B), 0.761 (95% CI: 0.715-0.807) for differentiating early
LUAD from BPN (Figure 5D). In contrast, the AUCs for CEA alone
in diagnosing LUAD from NC and BPN were only 0.540 (95% CI:
0.473-0.606) and 0.577 (95% CI: 0.506-0.647), respectively
(Figures 5E, F). When combining with anti-PRTN3 IgG and IgM
autoantibodies by binary logistic regression, the AUC increases to
0.783(95% CI: 0.730-0.835) and 0.729 (95% CI: 0.667-0.791)
(Figures 5E, F). This suggests that their combination was effective
in identifying LUAD. We also found that the AUC in the diagnosis
of early LUAD from NC was increased from 0.524 (95% CI: 0.445-
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0.603) to 0.778 (95% CI:0.716-0.839) (Figure 5G), and the AUC in
the diagnosis of early LUAD from BPN was increased from 0.550
(95% CI: 0.447-0.653) to 0.568 (95% CI:0.466-0.670) (Figure 5H).
These results demonstrate that anti-PRTN3 IgG and IgM
autoantibodies exhibit superior diagnostic performance compared
to CEA alone, showing promising potential to be biomarkers for the
early diagnosis of LUAD. Their combination with CEA can also
improve the diagnostic value of CEA.

3.6 Western blotting and IF staining
confirmed the immunoreactivity of LUAD
plasma to PRTN3

To further validate the elevated levels of anti-PRTN3
autoantibodies in the plasma of LUAD patients, western blotting
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TABLE 2 Diagnostic value of anti-PRTN3 autoantibodies detected by ELISA in the validation set.

TAAb PPV(%) NPV(%) PLR NLR FNR(%) FPR(%) P

NC vs. LUAD

PRTN3-IgG 69.8 74.5 1.48 0.34 145 57.5 <0.0001
PRTN3-IgM 61.4 69.3 1.59 0.44 28.7 229 <0.0001
BPN vs. LUAD

PRTN3-IgG 64.7 70.4 1.49 0.34 28.1 14.5 <0.0001
PRTN3-IgM 61.8 59.4 1.31 0.56 18.3 229 <0.0001
NC vs. BPN

PRTN3-IgG 41.1 52.8 0.86 1.10 63.7 422 >0.05
PRTN3-IgM 50.4 59.9 125 0.82 48.9 40.7 >0.05

LUAD, lung adenocarcinoma; BPN, benign pulmonary nodule; NC, normal control; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative
likelihood ratio; FNR, false negative rate; FPR, false positive rate.

was performed on randomly selected plasma samples from LUAD  patient with the strongest immune response to PRTN3, as identified
patients, BPN patients and NC individuals. A positive control,  through western blotting, was selected as the LUAD group.
monoclonal anti-PRTN3 antibody, was included for quality = Commercially available anti-PRTN3 antibodies were used for
control purpose. The result, as depicted in Figure 6A, showed a  staining. In A549 cells, positive staining was observed throughout
significantly strong reaction to PRTN3 recombinant protein in all  the entire cell, indicating the presence of PRTN3. In H1299 cells,
plasma samples from LUAD patients. In comparison, the plasma  cytoplasmic staining was observed, further confirming the presence
samples from BPN patients and NC exhibited weaker reactions with ~ of PRTN3. Furthermore, when LUAD plasma was preabsorbed by
an especially low expression of anti-PRTN3 autoantibodies  recombinant PRTN3, the IF signals in both A549 and H1299 cells
observed in NC plasma. The western blotting result confirmed  were significantly reduced, indicating that the plasma of LUAD
the presence of a plasma immune response to PRTN3 and the high  patients responded specifically to PRTN3. On the other hand, there
levels of anti-PRTN3 autoantibodies in LUAD patients’ plasma. was little change in the IF signal when NC plasma was preabsorbed

To examine the immunoreactivity of LUAD plasma to PRTN3 by recombinant PRTN3 (Figure 6B). These results demonstrate the
in LUAD cells, we performed IF staining. The plasma of an LUAD  immunoreactivity of LUAD plasma to PRTN3 in LUAD cells.
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Anti-PRTN3 autoantibodies have potential diagnostic performance for early-stage LUAD. (A-D) Box plots present the SBI value of anti-PRTN3 IgG
and IgM autoantibodies among NC (A, B), BPN (C, D) and LUAD with early- and advanced-stage in the validation set. (E-H) Diagnostic performances
of autoantibodies against PRTN3 for the discrimination of NC (E, F), BPN (G, H) from LUAD with early- and advanced-stage in the validation set.
AUC, area under the receiver operating characteristic curve; BPN, benign pulmonary nodule; NC, normal control; ****P < 0.0001. Lines on the boxes
represent 95, 75, 50, 25, and 5 percentiles from top to bottom.
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The value of combined anti-PRTN3 autoantibodies and CEA in the diagnosis of LUAD and early LUAD. (A-D) AUC of anti-PRTN3 IgG autoantibody,
anti-PRTN3 IgM autoantibody and combination of anti-PRTN3 IgG and IgM autoantibody for the diagnosis of NC and BPN from LUAD (A, B) and
early LUAD (C, D) in the validation set. (E-H) Diagnostic performances of CEA alone, combination of anti-PRTN3 IgG and IgM autoantibody, and the
combination of anti-PRTN3 autoantibodies and CEA for the diagnosis of NC and BPN from LUAD (E, F) and early LUAD (G, H) in the validation set.
LUAD, lung adenocarcinoma; BPN, benign pulmonary nodule; NC, normal control.

4 Discussion

Recent studies have suggested that plasma TAAbs may hold
promise as cost-effective early biomarkers for cancer diagnosis and
distinguishing between benign and malignant pulmonary nodules
(29-31). Among these TAADbs, PRTN3 is of particular interest. It is
stored in its active form within neutrophil azurophilic granules and
is involved in regulating inflammation (32). Notably, PRTN3 has
been found to be overexpressed in early-stage cancers. Despite this,

Frontiers in Immunology

there is limited research on the role of anti-PRTN3 autoantibodies
in tumors. To our knowledge, our study is the first to investigate the
early diagnostic value of anti-PRTN3 IgG and IgM autoantibodies
in LUAD.

Our study revealed elevated levels of PRTN3 protein in LUAD
tissues, indicating its involvement in the development of LUAD and
its potential as a TAA specific to LUAD. TAAs are known to be
secreted into the bloodstream, inducing an immune response and
leading to the production of detectable TAAbs. In line with this, our
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Western blotting and IF staining confirmed the immunoreactivity of LUAD plasma to PRTN3. (A)Western blotting of anti-PRTN3 autoantibody in
human plasma. The cropping strips of lanes 1-9 representing LUAD plasma showed strong reactivity with PRTN3 recombinant protein. Lanes 10-12
(BPN) and lanes 13-15 (NC), the cropping strips of 6 random human plasma with negative reactivity to PRTN3 recombinant protein. Lanel6, anti-
PRTN3 antibody used as positive control. (B)ilmmunofluorescence staining of PRTN3 in LUAD cells. Phosphate-buffered saline (PBS) was used as
negative control; monoclonal anti-PRTN3 autoantibody was used as positive control; a representative anti-PRTN3 autoantibody positive LUAD
plasma was used as LUAD; the same LUAD plasma used in LUAD pre-absorbed was pre-absorbed with recombinant PRTN3 protein; a representative
anti-PRTN3 autoantibody negative NC plasma was used as NC; the same normal control plasma used in NC pre-absorbed was pre-absorbed with
recombinant PRTN3 protein, and subsequently utilized for immunofluorescence staining assay. Scale bars, 10um. Obtained at 40X by microscope
LUAD, lung adenocarcinoma; BPN, benign pulmonary nodule; NC, normal control; PC, positive control.
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ELISA results demonstrated that anti-PRTN3 IgG and IgM
autoantibodies were highly expressed in LUAD patients,
highlighting their diagnostic potential for LUAD and their ability
to differentiate between benign and malignant pulmonary nodules.
It is worth noting that the diagnostic value of IgM antibody was
slightly lower than that of IgG antibody. This could be attributed to
the fact that IgM production is typically reduced during the
development of an IgG response and is generally considered to
play a less prominent role in long-term immunity (33, 34).

Furthermore, we observed significantly increased expression
levels of anti-PRTN3 IgG and IgM autoantibodies in the early-stage
of LUAD, which aligns with the characteristic appearance of
autoantibodies during the early-stages of cancer (10). This
suggests that these autoantibodies may serve as early biomarkers
for LUAD. Next, our findings support the notion that anti-PRTN3
IgG and IgM autoantibodies have the potential to serve as valuable
biomarkers for the early detection and diagnosis of LUAD. The
AUC of anti-PRTN3 autoantibody in the diagnosis of early LUAD
from NC was 0.782 (95% CI: 0.739-0.825), and the sensitivity and
specificity were 59.4% and 88.2%, respectively. Again, the AUC of
early LUAD from BPN was 0.761 (95% CI: 0.715-0.807) and the
sensitivity and specificity were 85.2% and 43.1%.

In recent years, there has been growing interest in combining
TM:s and autoantibodies to improve diagnostic efficiency in cancer
diagnosis (35-38). In our study, we found that the model combining
anti-PRTN3 IgG, IgM, and CEA improved diagnostic value of CEA
alone for LUAD and early LUAD. In LUAD diagnosis, this model
yielded an AUC of 0.783 (95% CI: 0.730-0.835) for NC diagnosis,
with a sensitivity of 58.4% and a specificity of 88.2%. Additionally,
the diagnostic efficiency for BPN was significantly improved, with
an AUC of 0.729 (95% CI: 0.667-0.791), a sensitivity of 55.2%, and a
specificity of 82.8%. For the early diagnosis of LUAD, the AUC for
NC was 0.778 (95% CI: 0.716-0.839), sensitivity was 67.1%,
specificity was 77.8%. The AUC for BPN was 0.568 (95% CI:
0.466-0.670). Its AUC lower than 0.761 of anti-PRTN3
autoantibodies diagnosing early LUAD from BPN may be due to
the small number of patients with early LUAD who had CEA
information. These findings have the potential to contribute to the
development of new diagnostic strategies for LUAD that can
improve patient outcomes. This approach is characterized by its
simplicity, efficiency, and minimally invasive nature.

The use of TAADbs as early diagnostic biomarkers poses
challenges due to the variability in immunogenicity among
patients with different clinical characteristics (39). However, in
our study, we found that only women had significantly higher
levels of anti-PRTN3 autoantibodies compared to men (P<0.0001).
This observation may be attributed to the fact that women generally
exhibit stronger immune responses than men, and estrogen
receptor expression can enhance both cellular and humoral
immunity. Conversely, androgen has been shown to inhibit
immune cell activity (40). Interestingly, no significant differences
were observed in the expression levels of anti-PRTN3 IgG and IgM
autoantibodies between other pairs of clinical characteristics, such
as early-stage versus advanced-stage disease. This suggests that anti-
PRTN3 autoantibodies are relatively stable and reliable compared to
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traditional TM, thereby offering broader application prospects.
Overall, our findings indicate that anti-PRTN3 autoantibodies
exhibit stability and reliability across different clinical
characteristics, with the exception of higher levels observed in
women. This highlights their potential as robust biomarkers for
the diagnosis of LUAD.

Our study does have certain limitations that should be
acknowledged. Firstly, the sampling method employed in our
study was biased, as we used plasma samples solely from a single
hospital and did not establish a population-based cohort. As such,
further investigations involving population-based multicenter
studies are warranted to validate the potential of plasma anti-
PRTN3 autoantibodies as biomarkers for LUAD. Secondly, due to
the focus on diagnostic value, we lacked a prognostic analysis of the
LUAD patients included in our study. It has been suggested that
autoantibodies may play a protective role in certain cases (41), and
their presence has been associated with better prognosis (42, 43).
Therefore, future studies should consider exploring the prognostic
implications of anti-PRTN3 autoantibodies in LUAD patients,
which could provide valuable insights into the clinical significance
and potential therapeutic implications of these autoantibodies.

5 Conclusion

In summary, our study demonstrates that the levels of both
anti-PRTN3 IgG and IgM autoantibodies in the plasma of LUAD
patients are significantly higher compared to those in BPN and
NC. This finding align with the elevated expression of the
corresponding PRTN3 antigen observed in LUAD tissues.
Notably, anti-PRTN3 IgG and IgM autoantibodies exhibit the
ability to differentiate LUAD patients with early-stage from those
with BPN and NC. Overall, our study highlights the clinical utility
of anti-PRTN3 IgG and IgM autoantibodies as potential early
diagnostic markers for LUAD to complement current
diagnostic methods.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The Ethics Committee of the First Affiliated Hospital of
Zhengzhou University approved human participants involved in
this study. The ethical approval number was 2021-KY-1057-002.
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1534078
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

Author contributions

YL: Writing - original draft, Writing - review & editing. LW:
Formal analysis, Writing — review & editing. FC: Writing — review &
editing. RL: Writing - review & editing. JL: Writing — review & editing.
XC: Writing - review & editing. SYO: Writing - review & editing,
Resources. LD: Writing — review & editing, Funding acquisition. RD:
Writing - review & editing, Funding acquisition. LD: Writing — review
& editing, Funding acquisition.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by National Natural Science Foundation of China
(No. 82203287 to RD); Project funded by China Postdoctoral
Science Foundation (No. 2022M722874 to RD). The Project of
Basic Research Fund of Henan Institute of Medical and
Pharmacological Sciences (No. 2023BP0204 to LD). The Key
Scientific and Technological Project of Henan Province (No.
242102311154 to RD).

Acknowledgments

Figure support was provided by Figdraw.

References

1. Leiter A, Veluswamy RR, Wisnivesky JP. The global burden of lung cancer:
current status and future trends. Nat Rev Clin Oncol. (2023) 20:624-39. doi: 10.1038/
541571-023-00798-3

2. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA: Cancer ] Clin.
(2024) 74:12-49. doi: 10.3322/caac.21820

3. Detterbeck FC, Woodard GA, Bader AS, Dacic S, Grant MJ, Park HS, et al. The
proposed ninth edition tnm classification of lung cancer. Chest. (2024) 166:882-95.
doi: 10.1016/j.chest.2024.05.026

4. Aberle DR, Berg CD, Black WC, Church TR, Fagerstrom RM, Galen B, et al. The
national lung screening trial: overview and study design. Radiology. (2011) 258:243-53.
doi: 10.1148/radiol.10091808

5. Ko EC, Raben D, Formenti SC. The integration of radiotherapy with
immunotherapy for the treatment of non-small cell lung cancer. Clin Cancer
research: an Off ] Am Assoc Cancer Res. (2018) 24:5792-806. doi: 10.1158/1078-
0432.Ccr-17-3620

6. Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM, et al.
Reduced lung-cancer mortality with low-dose computed tomographic screening. New
Engl ] Med. (2011) 365:395-409. doi: 10.1056/NEJMo0a1102873

7. GaoY, Song P, Li H, Jia H, Zhang B. Elevated serum cea levels are associated with
the explosive progression of lung adenocarcinoma harboring egfr mutations. BMC
Cancer. (2017) 17:484. doi: 10.1186/s12885-017-3474-3

8. WuS, Zhang J, Wei H, Liu Y, Dai X, Xue J, et al. Serum biomarker panel for rapid
early diagnosis of lung cancer. Curr Cancer Drug Targets. (2023) 23:534-46.
doi: 10.2174/1568009622666220523154333

9. Finn OJ. Immune response as a biomarker for cancer detection and a lot more.
New Engl ] Med. (2005) 353:1288-90. doi: 10.1056/NEJMe058157

10. Mintz PJ, Kim J, Do KA, Wang X, Zinner RG, Cristofanilli M, et al.
Fingerprinting the circulating repertoire of antibodies from cancer patients. Nat
Biotechnol. (2003) 21:57-63. doi: 10.1038/nbt774

11. Hanash SM, Baik CS, Kallioniemi O. Emerging molecular biomarkers-blood-
based strategies to detect and monitor cancer. Nat Rev Clin Oncol. (2011) 8:142-50.
doi: 10.1038/nrclinonc.2010.220

Frontiers in Immunology

12

10.3389/fimmu.2025.1534078

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1534078/full#supplementary-material

12. Wang K, Li M, Qin J, Sun G, Dai L, Wang P, et al. Serological biomarkers for
early detection of hepatocellular carcinoma: A focus on autoantibodies against tumor-
associated antigens encoded by cancer driver genes. Cancers. (2020) 12(5):1271.
doi: 10.3390/cancers12051271

13. Jacqueline C, Finn OJ. Antibodies specific for disease-associated antigens (Daa)
expressed in non-malignant diseases reveal potential new tumor-associated antigens (Taa)
for immunotherapy or immunoprevention. Semin Immunol. (2020) 47:101394. doi: 10.1016/
j.smim.2020.101394

14. Brindlein S, Eck M, Strobel P, Wozniak E, Miiller-Hermelink HK, Hensel F,
et al. Pam-1, a natural human igm antibody as new tool for detection of breast and
prostate precursors. Hum antibodies. (2004) 13:97-104. doi: 10.3233/HAB-2004-13401

15. Diaz-Zaragoza M, Hernandez-Avila R, Viedma-Rodriguez R, Arenas-Aranda D, Ostoa-
Saloma P. Natural and adaptive igm antibodies in the recognition of tumor-associated antigens
of breast cancer (Review). Oncol Rep. (2015) 34:1106-14. doi: 10.3892/0r.2015.4095

16. Fitzgerald S, O’Reilly JA, Wilson E, Joyce A, Farrell R, Kenny D, et al.
Measurement of the igm and igg autoantibody immune responses in human serum
has high predictive value for the presence of colorectal cancer. Clin colorectal Cancer.
(2019) 18:53-60. doi: 10.1016/j.clcc.2018.09.009

17. Ding C, Yan J. Regulation of autoreactive B cells: checkpoints and activation.
Archivum immunologiae therapiae experimentalis. (2007) 55:83-9. doi: 10.1007/
s00005-007-0011-0

18. Zaenker P, Gray ES, Ziman MR. Autoantibody production in cancer-the
humoral immune response toward autologous antigens in cancer patients.
Autoimmun Rev. (2016) 15:477-83. doi: 10.1016/j.autrev.2016.01.017

19. Cheung P, Schaffert S, Chang SE, Dvorak M, Donato M, Macaubas C, et al. Repression
of ctsg, elane and prtn3-mediated histone H3 proteolytic cleavage promotes monocyte-to-
macrophage differentiation. Nat Immunol. (2021) 22:711-22. doi: 10.1038/541590-021-00928-y

20. Frosch M, Foell D. Wegener granulomatosis in childhood and adolescence. Eur |
Pediatr. (2004) 163:425-34. doi: 10.1007/s00431-004-1464-3

21. Laass MW, Ziesmann J, de Laffolie J, Réber N, Conrad K. Anti-proteinase 3 antibodies
as a biomarker for ulcerative colitis and primary sclerosing cholangitis in children. J Pediatr
Gastroenterol Nutr. (2022) 74:463-70. doi: 10.1097/mpg.0000000000003359

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1534078/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1534078/full#supplementary-material
https://doi.org/10.1038/s41571-023-00798-3
https://doi.org/10.1038/s41571-023-00798-3
https://doi.org/10.3322/caac.21820
https://doi.org/10.1016/j.chest.2024.05.026
https://doi.org/10.1148/radiol.10091808
https://doi.org/10.1158/1078-0432.Ccr-17-3620
https://doi.org/10.1158/1078-0432.Ccr-17-3620
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1186/s12885-017-3474-3
https://doi.org/10.2174/1568009622666220523154333
https://doi.org/10.1056/NEJMe058157
https://doi.org/10.1038/nbt774
https://doi.org/10.1038/nrclinonc.2010.220
https://doi.org/10.3390/cancers12051271
https://doi.org/10.1016/j.smim.2020.101394
https://doi.org/10.1016/j.smim.2020.101394
https://doi.org/10.3233/HAB-2004-13401
https://doi.org/10.3892/or.2015.4095
https://doi.org/10.1016/j.clcc.2018.09.009
https://doi.org/10.1007/s00005-007-0011-0
https://doi.org/10.1007/s00005-007-0011-0
https://doi.org/10.1016/j.autrev.2016.01.017
https://doi.org/10.1038/s41590-021-00928-y
https://doi.org/10.1007/s00431-004-1464-3
https://doi.org/10.1097/mpg.0000000000003359
https://doi.org/10.3389/fimmu.2025.1534078
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

22. Fatalska A, Rusetska N, Bakula-Zalewska E, Kowalik A, Zigba S, Wroblewska A,
et al. Inflammatory proteins hmga2 and prtn3 as drivers of vulvar squamous cell
carcinoma progression. Cancers. (2020) 13(1):27. doi: 10.3390/cancers13010027

23. Furuya K, Nakajima M, Tsunedomi R, Nakagami Y, Xu M, Matsui H, et al. High
serum proteinase-3 levels predict poor progression-free survival and lower efficacy of
bevacizumab in metastatic colorectal cancer. BMC Cancer. (2024) 24:165. doi: 10.1186/
512885-024-11924-4

24. Guo D, Zhang B, Wu D, Hu X, Tu H. Identification of prtn3 as a novel
biomarker for the diagnosis of early gastric cance. J Proteomics. (2023) 277:104852.
doi: 10.1016/j.jprot.2023.104852

25. Hu D, Ansari D, Zhou Q, Sasor A, Said Hilmersson K, Andersson R. Low P4ha2
and high prtn3 expression predicts poor survival in patients with pancreatic cancer.
Scandinavian ] Gastroenterol. (2019) 54:246-51. doi: 10.1080/00365521.2019.1574360

26. Jiang D, Zhang X, Liu M, Wang Y, Wang T, Pei L, et al. Discovering panel of
autoantibodies for early detection of lung cancer based on focused protein array. Front
Immunol. (2021) 12:658922. doi: 10.3389/fimmu.2021.658922

27. Guida F, Sun N, Bantis LE, Muller DC, Li P, Taguchi A, et al. Assessment of lung
cancer risk on the basis of a biomarker panel of circulating proteins. JAMA Oncol.
(2018) 4:¢182078. doi: 10.1001/jamaoncol.2018.2078

28. Zhang X, Liu M, Zhang X, Wang Y, Dai L. Autoantibodies to tumor-associated
antigens in lung cancer diagnosis. Adv Clin Chem. (2021) 103:1-45. doi: 10.1016/
bs.acc.2020.08.005

29. Sullivan FM, Mair FS, Anderson W, Armory P, Briggs A, Chew C, et al. Earlier
diagnosis of lung cancer in a randomised trial of an autoantibody blood test followed by
imaging. Eur Respir ]. (2021) 57(1):2000670. doi: 10.1183/13993003.00670-2020

30. Yanagita K, Nagashio R, Jiang SX, Kuchitsu Y, Hachimura K, Ichinoe M, et al.
Cytoskeleton-associated protein 4 is a novel serodiagnostic marker for lung cancer. Am
J Pathol. (2018) 188:1328-33. doi: 10.1016/j.ajpath.2018.03.007

31. Jiang D, Wang Y, Liu M, Si Q, Wang T, Pei L, et al. A panel of autoantibodies
against tumor-associated antigens in the early immunodiagnosis of lung cancer.
Immunobiology. (2020) 225:151848. doi: 10.1016/j.imbi0.2019.09.007

32. Korkmaz B, Horwitz MS, Jenne DE, Gauthier F. Neutrophil elastase, proteinase
3, and cathepsin G as therapeutic targets in human diseases. Pharmacol Rev. (2010)
62:726-59. doi: 10.1124/pr.110.002733

Frontiers in Immunology

13

10.3389/fimmu.2025.1534078

33. Manz RA, Hauser AE, Hiepe F, Radbruch A. Maintenance of serum antibody levels.
Annu Rev Immunol. (2005) 23:367-86. doi: 10.1146/annurev.immunol.23.021704.115723

34. Racine R, McLaughlin M, Jones DD, Wittmer ST, MacNamara KC, Woodland
DL, et al. Igm production by bone marrow plasmablasts contributes to long-term
protection against intracellular bacterial infection. J Immunol (Baltimore Md: 1950).
(2011) 186:1011-21. doi: 10.4049/jimmunol.1002836

35. Zheng Q, Zhang L, Tu M, Yin X, Cai L, Zhang S, et al. Development of a panel of
autoantibody against nsgl with cea, cyfra2l-1, and scc-ag for the diagnosis of
esophageal squamous cell carcinoma. Clinica chimica acta; Int J Clin Chem. (2021)
520:126-32. doi: 10.1016/j.cca.2021.06.013

36. Xie F, Xu L, MuY, Zhang R, Li ], Xu G. Diagnostic value of seven autoantibodies
combined with cea and cal99 in non-small cell lung cancer. Clin Lab. (2023) 69(5):10.
doi: 10.7754/Clin.Lab.2022.220728

37. Kobayashi S, Hiwasa T, Kitamura K, Kano M, Hoshino T, Hirano S, et al.
Combinational antibody detection approach increases the clinical validity of colorectal
cancer screening. | Clin Lab Anal. (2023) 37:¢24978. doi: 10.1002/jcla.24978

38. Zhang X, LiJ, Wang Y, Liu M, Liu F, Zhang X, et al. A diagnostic model with igm
autoantibodies and carcinoembryonic antigen for early detection of lung
adenocarcinoma. Front Immunol. (2021) 12:728853. doi: 10.3389/fimmu.2021.728853

39. Yadav S, Kashaninejad N, Masud MK, Yamauchi Y, Nguyen NT, Shiddiky MJA.
Autoantibodies as diagnostic and prognostic cancer biomarker: detection techniques and
approaches. Biosensors bioelectronics. (2019) 139:111315. doi: 10.1016/j.bi0s.2019.111315

40. Wang S, Cowley LA, Liu XS. Sex differences in cancer immunotherapy efficacy,
biomarkers, and therapeutic strategy. Molecules (Basel Switzerland). (2019) 24
(18):3214. doi: 10.3390/molecules24183214

41. Jaycox JR, Dai Y, Ring AM. Decoding the autoantibody reactome. Sci (New York
NY). (2024) 383:705-7. doi: 10.1126/science.abn1034

42. Annunziata P, Masi G, Cioni C. Association of circulating anti-cd64 igm levels
with favourable long-term clinical outcomes in multiple sclerosis patients.
J neuroimmunology. (2019) 330:130-5. doi: 10.1016/j.jneuroim.2019.03.005

43. Zhao F, Cao M, Jiang XH, Xie K, Ye SR, Yie SM. A specific autoantibody against
a novel tumour-association antigen derived from human DNA-topoiomerase I is a
potential biomarker for early diagnosis and favourable prognosis in patients with
colorectal carcinoma. Biomarkers: Biochem Indic exposure response susceptibility to
chemicals. (2020) 25:149-56. doi: 10.1080/1354750x.2020.1714734

frontiersin.org


https://doi.org/10.3390/cancers13010027
https://doi.org/10.1186/s12885-024-11924-4
https://doi.org/10.1186/s12885-024-11924-4
https://doi.org/10.1016/j.jprot.2023.104852
https://doi.org/10.1080/00365521.2019.1574360
https://doi.org/10.3389/fimmu.2021.658922
https://doi.org/10.1001/jamaoncol.2018.2078
https://doi.org/10.1016/bs.acc.2020.08.005
https://doi.org/10.1016/bs.acc.2020.08.005
https://doi.org/10.1183/13993003.00670-2020
https://doi.org/10.1016/j.ajpath.2018.03.007
https://doi.org/10.1016/j.imbio.2019.09.007
https://doi.org/10.1124/pr.110.002733
https://doi.org/10.1146/annurev.immunol.23.021704.115723
https://doi.org/10.4049/jimmunol.1002836
https://doi.org/10.1016/j.cca.2021.06.013
https://doi.org/10.7754/Clin.Lab.2022.220728
https://doi.org/10.1002/jcla.24978
https://doi.org/10.3389/fimmu.2021.728853
https://doi.org/10.1016/j.bios.2019.111315
https://doi.org/10.3390/molecules24183214
https://doi.org/10.1126/science.abn1034
https://doi.org/10.1016/j.jneuroim.2019.03.005
https://doi.org/10.1080/1354750x.2020.1714734
https://doi.org/10.3389/fimmu.2025.1534078
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Plasma anti-PRTN3 IgG and IgM autoantibodies: novel biomarkers for early detection of lung adenocarcinoma
	1 Introduction
	2 Materials and methods
	2.1 Immunohistochemical assay
	2.2 Plasma from patients and controls
	2.3 Enzyme&minus;linked immunosorbent assay
	2.4 Western blotting
	2.5 Immunofluorescence staining
	2.6 Statistical analysis

	3 Results
	3.1 PRTN3 protein was highly expressed in LUAD tissues
	3.2 Plasma IgG and IgM autoantibodies against PRTN3 were significantly increased in LUAD and valuable in the diagnosis of LUAD
	3.3 Anti-PRTN3 autoantibodies show promise as early biomarkers for LUAD
	3.4 Evaluation on anti-PRTN3 autoantibodies for differentiating LUAD based on clinical characteristics
	3.5 Combining anti-PRTN3 autoantibodies with CEA significantly improved the diagnostic value for LUAD
	3.6 Western blotting and IF staining confirmed the immunoreactivity of LUAD plasma to PRTN3

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


