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Background: Studying the potential etiology and pathogenesis of tuberculosis-associated chronic obstructive pulmonary disease
(TOPD) from an autoimmunity perspective may provide insights into peripheral blood autoantibodies and immune cells, as well as
their interactions.

Methods: This study examined the serum autoantibody repertoire in healthy individuals, patients with chronic obstructive pulmonary disease
(COPD), patients with pulmonary tuberculosis (TB), and TOPD patients using the HuProt™ protein chip. Autoantigens in the peripheral blood
of TOPD patients were verified using ELISA assay. Various epitopes and immune simulation were predicted using bioinformatic methods.
Flow cytometry was employed to detect macrophages(Me), T cells, and innate lymphoid cells (ILCs) in the peripheral blood.

Results: COPD patients displayed distinct alterations in their IgG and IgM autoantibodies compared to the other groups.
GeneOntology (GO) and Kyoto Encyclopedia of Genes and Genomes(KEGG)analyses revealed that these autoantibodies were
associated with regulating macrophages, T cells, and B cells. ELISA results confirmed the upregulation of expression of proliferating
cell nuclear antigen (PCNA), Mitogen-Activated Protein Kinase 3 antigen (MAPK3), and threonine protein kinase 1 antigen (AKT1)
proteins in the peripheral blood of TOPD patients. Bioinformatic analysis predicted multiple potential epitopes in Th, CTL, and
B cells. Immune simulation results demonstrated that PCNA, MAPK3, and AKT1 can activate innate and adaptive immune responses
and induce the expression of different cytokines, such as IFN-g and IL-2. Furthermore, data obtained from flow cytometry assay
revealed an upregulation in the face of Thl cells in the peripheral blood of TOPD patients.

Conclusion: Tuberculosis infection can effectively induce autoimmune responses, contributing to increased expression of Thl cells
and associated cytokines, ultimately leading to immune dysregulation. Furthermore, the accumulation of pulmonary inflammatory
response facilitates the progression of TOPD and is helpful for the clinical diagnosis and the development of targeted therapeutic drugs
for this disease.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) represents a heterogeneous disease characterized by persistent, progressive,

and aggravated airflow obstruction, chronic lung inflammation, lung morphological alterations, and lung parenchymal
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destruction.' Apart from tobacco smoke, COPD has been known to occur in patients with previous pulmonary TB.** Several
studies have shown that tuberculosis can independently increase the risk of developing COPD, and having a history of
tuberculosis can increase the prevalence of COPD by an average of three times.This elevation can directly correlate with an
increased severity of obstruction and level of inflammation, termed Tuberculosis-Associated Obstructive Pulmonary Disease
(TOPD).” TOPD forming the TOPD phenotype of COPD is a sequela and complication following tuberculosis, and
a considerable number of COPD patients belong to this group. The pathogenesis of this tuberculosis-related condition remains
unclear.

Infection with mycobacteria has been substantiated as one of the major environmental triggers that can incite
au‘toimmunity,6’7 TB can cause autoimmune manifestations such as nodular vasculitis, Sjogren’s syndrome, SLE, RA,
dermatomyositis, and polymyositis.® Multiple surface Mtb molecules can differently orchestrate immune responses.
Mycobacterial lipids have been shown to act as adjuvants, stimulating the production of antibodies by innate B-1-like
B cells.” After infection with Mycobacterium tuberculosis, both apoptosis and apoptotic phagosomes can activate auto-
reactive T cells, leading to an autoimmune response.'® A cross-reactive autoantigen between Mycobacterium tuberculosis
and the host can effectively serve to stimulate autoreactive T cells, thereby leading to the production of IFN-y as well as
TNF-a, Synergistic stimulation by IFN-y of B cells lead to the induction of T-bet" B-cells and production of IgG2a.""'?
Infection by Mycobacterium tuberculosis can trigger an autoimmune response in the host due to cross-reactivity with
host antigens.Notably, elastin can bind to the antigen 85 complex (Ag85) of Mycobacterium tuberculosis, thus serving as
a pivotal ligand that can facilitate its invasion. In addition, infection by Mycobacterium tuberculosis can provoke
a neutrophil-mediated destruction of the elastin matrix.'> Hence, an infection with Mycobacterium tuberculosis could
potentially induce an autoimmune response which can contribute to the pathogenesis of tuberculosis-associated COPD.
COPD is fundamentally an inflammatory disease, with its pathogenesis primarily involving an acquired immune response
to the newly formed or altered epitopes.'*'> A substantial number of clinical and experimental studies have affirmed the
crucial role of autoimmunity in the pathogenesis of COPD.'®!” For instance, COPD patients can generate autoantibodies
which can target the pulmonary bronchial epithelial cells. Concomitantly, serum anti-co-stimulatory CD80 autoantibody
levels experience significant elevation, but approximately 50% of COPD patients present autoantibodies against the
primary pulmonary artery endothelium, thus contributing to epithelial lysis and lung tissue destruction. These specific
manifestations suggest role of potential risk factors involved in the pathogenesis of COPD.

This study investigated the disparity in the peripheral serum autoantibodies between TOPD and COPD patients,
concurrently analyzing the variances in immunocyte subsets across the two different groups. Moreover, by utilizing the
autoimmunity status as a starting point, this study delved into the potential role of tuberculosis infection in the inception
as well as progression of COPD. Overall, such an approach could be conducive to facilitate a better understanding of the
etiology and pathogenesis of tuberculosis-associated COPD, and holds immense scientific and clinical significance when
devising the targeted prevention and treatment strategies. Overall, in-depth research on the source and function of
autoantibodies could be potentially useful for the development of biomarkers and targeted drugs for TOPD clinical
detection.

Materials and Methods
Diagnosis Inclusion and Exclusion Criteria

In this study, we included outpatients and inpatients in Xinjiang Uygur Autonomous Region Chinese Medicine Hospital
from March 2021 to December 2022. All patients were diagnosed according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria. All patients met the following inclusion criteria:1) irreversible obstructive
dysfunction defined as the forced expiratory volume in one second (FEV1) < 80% predicted and FEV1/forced vital
capacity (FVC) < 70% after using bronchodilator, 2) no acute exacerbation, 3) age 40-75 years. The exclusion criteria
included were as following:1) patients with other respiratory diseases or other lung diseases with restrictive ventilatory
impairment, 2) severe systemic illnesses such as severe cardiovascular diseases, hepatorenal diseases, and hematopoietic

system diseases, 3) immunosuppressants in the previous 30 days before enrollment.
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Diagnostic criteria for Tuberculosis:'® were as following: 1) positive sputum for tuberculosis; 2) confirmation of
tuberculosis through imaging examination; 3) lack of treatment prior to admission; and 4) an age greater than 18 years.
Exclusion criteria constituted: 1) negative sputum culture for pulmonary tuberculosis (MTB); 2) infection with human
immunodeficiency virus (HIV) or any pathogen other than MTB; 3) pulmonary tuberculosis patients with different
underlying conditions such as hypertension, diabetes, immunological disorders, kidney diseases, malignant tumors, viral
hepatitis, and respiratory diseases; 4) individuals who have undergone surgery in the past three months; (5) patients
requiring tuberculosis re-treatment; and (6) patients suffering from the multidrug-resistant tuberculosis.

COPD patients were further categorized into two different groups: the Tuberculosis-Associated Obstructive Pulmonary
Disease group, based on their tuberculosis infection history. The study was approved by the Ethics Committee of Xinjiang
Uygur Autonomous Region Chinese Medicine Hospital, and written informed consent was procured from each individual
taking part in the study, our study complies with the Declaration of Helsinki.

Lung Function and COPD Related Questionnaires

The various clinical questionnaires were compiled to record the patient data such as past history of smoking, respiratory
diseases, TB infection, anti-tuberculosis treatment, and the different lung function parameters (FEV1, FVC, and FEV1/
FVC%). This involved completion of the COPD assessment test (CAT), and the Modified Medical Research Council
scale (nMMRC) as described previously.'

Sampling

First, 5 mL of heparin sodium-anticoagulated whole blood samples were collected during morning fasting from all the
subjects. Then, the whole blood earmarked for flow cytometry analysis was instantly placed in a flow tube for antibody
staining, whereas blood samples intended for the serum collection were left at the room temperature for 30 minutes, and
thereafter centrifuged at 3000 rpm for 10 minutes. The extracted serum was immediately stored at —80°C.

Autoantibody Detection by Human Proteome Chip

HuProt™ V4.0, which encompasses 21,000 human proteins, can maintain a coverage of 81%, and full-length gene
representation of 89%, currently constitutes the highest throughput protein chip globally. Specifically, this protein chip
was subjected to a 1-hour incubation with a 1% Bovine Serum Albumin (BSA) sealer at the room temperature.
Subsequently, the serum samples, diluted 1:200 using PBST containing 10% BSA, were added and incubated overnight
at 4°C, followed by three wash cycles with 1xPBST. Cy3-labeled anti-human IgG (1:1000) and Cy5-labeled anti-human
IgM (1:1000) were then added for a 1-hour incubation at the room temperature, followed by three additional rounds of
washing with PBST. The protein chips were subsequently scanned at the room temperature with a LuxScan 10K
microarray chip scanner (LuxscantM 10 Ka). The raw data was obtained from GenePix Pro v6.0. The median strength
values of both the foreground and background for each point on the protein chip were acquired and the final strength for
each point was determined by the difference between the median strength values of the foreground and background.?’

Autoantibody Repertoire

The normalization of the Signal-to-Noise Ratio (SNR) was employed for calculations involving the differential expres-
sion multiples between the selected group and other groups for any specific protein. This was represented as fold change,
which equals the expression value of the selected group divided by the mean value of other groups. This fold change
signifies the degree by which the selected group can exceed others. Defined as the potential difference, a fold change
equal to or greater than 2 is typically recognized. It is widely accepted that the higher the difference multiple, the more
pronounced could be the divergence between the two groups. To avoid the possible comparisons involving negative
proteins across the different groups, the detection threshold for the positive proteins was established based on the SNR
distribution of the various protein spots on the chip post-normalization but pre-sample comparison. A protein was
classified as a positive when both IgG-SNR and IgM-SNR exceeded 4. Consequently, the cutoff thresholds (cutoff-IgG >
4, cutoff-IgM > 4) were determined based on the control group’s SNR on the protein. DAVID (http://david.ncifcrf.gov/),
an online database, was used for the gene difference analysis and Gene Ontology (GO) and Kyoto Encyclopedia of Genes
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and Genomes (KEGG) enrichment analysis. Additionally, another database, STRING (https://string-db.org/), was utilized
for the protein-protein interaction network analysis.

Epitope ldentification

The antigenicity of the different proteins was predicted by using the online antigen prediction software, Vaxijen v2.0.

Bioinformatic Epitope Prediction in T Cells

Epitope Prediction in Th Cells

The wvarious cell epitopes were predicted utilizing SYFPEITHI (http://www.syfpeithi.de/bin/MHCServer.dll/
EpitopePrediction.htm) and IEDB (http://www.iedb.org/) platforms. Six different MHC-class II molecular alleles were
specifically selected.?’ These could be predicted by using four software types and included HLA-DRB1*01:01, HLA-
DRB1*03:01, HLA-DRB1*04:01, HLA-DRB1*07:01, HLA-DRB1*11:01, HLA-DRB1*15:01. The screening criteria
used were as follows: SYFPEITHI score >20, IEDB rank<1.00, Net MHC II pan rank<10, and Net MHC II rank<10. The
predicted peptide length for each server was configured at 15, with all other settings left as the default.

Prediction of Epitopes in CLT Cells

SYFPEITHI and IEDB online software were used to predict the potential CTL cell epitopes of proteins. Specifically, in
this study, the following HLA-A alleles were selected: HLA-A*01:01, HLA-A*02:01, HLA-A*03:01, HLA-A*11:01,
HLA-A*24:02, HLA-A*26:01,>' with 6 MHC-I molecular dominant gene loci. The screening criteria were defined as
follows: SYFPEITHI score > 20, IEDB rank < 0.1, Net MHC rank <10. Each epitope was set to have a peptide length of
9 amino acids, and all other settings were kept as the default.

Bioinformatic Epitope Prediction in B Cells
To predict the various epitopes in B cells, two distinct tools were employed: ABC Pred (https://webs.iiitd.edu.in/raghava/
abcpred/ABC submission.html)** and BepiPred 1.0 Server (http://www.cbs.dtudk/services/BepiPred-1.0).

Flow Cytometry

Th1, Th2 and Thl17 surface staining was performed as previously described (Mahnke et al, 2013). Briefly, 100uL of
whole blood was incubated with FITC-CD4 (SK3, BD, San Jose, CA, USA), PE-Cy5-CD183 (1C6/CXCR3, BD, San
Jose, CA, USA), and PE-CD196 (11A9, BD, San Jose, CA, USA). Treg surface staining was performed CD4-PE-Cy7
(RM4-5), CD127-PE (HIL-7R-M21), CD25-FITC(2A3).ILC2 staining: 200uL of whole blood was incubated with the
following antibodies (all from BD unless specified otherwise), including Lineage-FITC, CD3 (UCHT1), CD19 (HIB19),
CD123 (7G3), CD11b (M1/70), CD11c (B-ly6), CD8 (RPA-T8), FceRI (AER-37 (CRA-1), CD14 (M5E2), CD4 (RPA-
T4), CD56 (B159), CD45-APC-Cy7 (2D1), CRTH2-PerCP-Cy5.5 (BM16), CD127-PE-Cy7 (HIL-7R-M21).M1 and M2
staining: 50ul of whole blood was incubated with CD14-PE,CD68-PE-Cy7,CD86-FITC,CD206-PerCP-Cy5.5. The
above systems were incubated for 30 minutes at the room temperature in the dark. Isotype control was added to block
the nonspecific binding. The cells were thereafter lysed using red blood cell lysate for 10—15 min and then washed with
PBS twice. All the samples were detected by BD flow cytometry (LSR II, BD, USA), and analyzed using Kaluza
software (Beckman Coulter, Inc) or FlowJo V10 (Tristar, USA).

Enzyme-Linked Immunosorbent Assays of Serum Sample

The concentrations of various autoantibodies and cytokines in the peripheral blood serum were detected using double
antibody sandwich enzyme-linked immunosorbent assay (ELISA) kits. ELISA kits were purchased from Hangzhou
Lianke Biotechnology Co., Ltd (Hangzhou, China). Briefly, ELISA plate was coated with capture antibody. The samples
were added, and horseradish peroxidase-conjugated secondary monoclonal antibody was then added. After washing with
PBST three times, tetramethylbenzidine was added in the dark for color development. Absorbance was then determined
at 450 nm and a reference wavelength of 570nm using a spectrophotometer (Thermo, Waltham, MA, USA). The
concentrations were calculated based on a standard curve.
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Statistical Analysis

The data has been expressed as mean + SEM. The Graphpad Prism 8 software package (Graphpad Software Inc., San
Diego, CA, USA) was used for statistical analysis. One-way ANOVA was used to compare the data among multiple
groups, followed by LSD-¢ test. P<0.05 was considered as statistically significant.

Results

Clinical Data of Patients

A summary of patient demographics has been shown in Table 1. We observed no statistically significant differences in
socioeconomic information and measurement at the baseline. FEV1/FVC and 6MWD of COPD and TOPD patients was
obviously lower than that in HC (P<0.001). In addition, CAT of COPD and TOPD patients was increased than in the HC groups.
There was no significant difference in lung function between TB patients included in this study and HC group (P > 0.05).

Screening by HuProt™"

Differential Distribution of Autoantibodies in TOPD Patient Serum

The results of the fluorescent scanning signals on the proteome chip have been presented in Figure 1A. The green
fluorescence demonstrated specific binding of IgG to the serum samples in the 532 nm channels. Under red fluorescence,
IgM exhibited specific binding to the serum samples in the 635 nm channel (Figure 1A). Thereafter, by applying the
screening criteria, a fold change (FC) of the mean of the experimental group/ the mean of the control group greater than
1.5 was used. Through this screening, we have identified 1736 differentially expressed IgG autoantibodies between
TOPD patients and the control group. Among these, 718 were found to be up-regulated in the TOPD group, whereas the
remaining 1218 were down-regulated (Figure 1B). Moreover, upon comparing TOPD with COPD and TB patients, a total
of 665 IgG antibodies were observed to be specifically upregulated in TOPD, while 355 IgG antibodies were specifically
down-regulated. Additional analyses, including GO and KEGG enrichment analysis, were then performed on the
differentially expressed IgG antibodies. The upregulated IgG autoantibodies in TOPD patients were primarily associated
with the cellular components such as mitochondria and nucleoplasm. They exhibited pleiotropic functions such as those
related to DNA binding, DNA-binding transcription factor activity, transcription regulator activity, and were primarily
involved in the regulation of RNA metabolic processes and macromolecule biosynthetic processes (Figure 1C). The

Table | Basic Clinical Data of TOPD Group, COPD Group, TB Group and Healthy Control Group

Characteristics HC (n=50) | COPD (n=57) | TOPD (n=44) | TB (n=53) P value
Age, mean (SD) 66 (6.9) 67 (8.5) 68 (9.1) 67 (8.2) 0.63
Sex, n (%)
Male 36 (72) 36(63) 32(72) 35(66) 0.69
Female 14 (28) 21 (37) 12 (28) 18 (34)
BMI, mean (SD) 23.1 (3.8) 23.3(4.4) 21.4 (4.5) 22.6 (5.1) 0.8
Lung function
FEVI/FVC 79+5.18 61.5+5.79 58.6x7.5 76.2+5.6 <0.01
FEV1% 90.6£12.9 65.3£10.6 63.2+7.8 86.3+3.4 <0.01
FVC% 96.1+13.7 86.9+15.09 70.5%12.9 88.2+12.9 <0.01
Measurements, mean (SD)
BMI 24.8+2.8 25.1+£3.4 24.5+3.9 23.5%1.5 0.58
6MWD (m) 41679 401+89 403+70 405+67 0.74
mMRC 1.31 (0-2) 1.84 (1-3) 2 (1-3) 2 (1-3) 0.0l
CAT 7.8 (0-20) 10.8 (0-30) 10.3 (4-27) 8.3 (0-21) 0.02

Notes: The data has been presented as mean * SD or Percentage. The comparison between the three groups was analyzed by one-way ANOVA.
The comparison between two groups was determined by t test, or Chi-square test. A P<0.05 was considered as statistically significant.
Abbreviation: HCs, healthy controls; COPD, chronic obstructive pulmonary disease; TOPD, TB-associated obstructive pulmonary
disease; TB, tuberculosis; BMI, body mass index; FEVI, forced expiratory volume in one second; FVC, forced vital capacity. FEVI/FVC
were determined post bronchodilator; 6MWD, 6 minute walk distance; CAT, Assessment Test Scale; mMMRC, the Modified Medical
Research Council Dyspnea Scale.
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Figure | Distribution characteristics of IgG autoantibodies in peripheral blood of TOPD patients. (A) Show the chip results for the HC group of samples. The image on the
left is the global scan of the chip, and the right is the enlarged image of the local chip (Block!0). Among them, the green and red channels are 532 nm-IgG and 635 nm-IgM
channels, respectively, which are merged into the composite diagram. The red arrow is the positive control point (human IgM, human IgG), and the blue arrow is the negative
control point (Biotin-BSA). Yellow arrows are positive points.(B) Volcano and Venn diagram results. (C) up-regulated IgG autoantibody GO and KEGG results. (D) down-
regulated IgG autoantibody GO and KEGG results.

enriched KEGG pathways included Ribosome mTOR signaling pathway. The signaling pathways were also linked to
modulation of RNA degradation, and TGF-beta signaling pathway.

On the other hand, the down-regulated IgG autoantibodies in TOPD patients predominantly involved the different
cellular components such as those associated with cytosol brush border, clusters of actin-based cell projections, and the
blood microparticle vesicles. They performed diverse functions like heat shock protein binding, GDP-dissociation
inhibitor activity, and nucleoside diphosphate kinase activity. These autoantibodies were mainly associated with the
various cellular catabolic processes and homotypic cell-cell adhesion processes. The enriched KEGG pathways included
those of cellular senescence, Tuberculosis, Calcium signaling pathway, Spliceosome, NOD-like receptor signaling
pathway, and Inflammatory mediator regulation (Figure 1D).
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A total of 1181 IgM autoantibodies were found to be differentially expressed, with 486 up-regulated and 695 down-
regulated in TOPD patients (Supplementary Figure 1A). Interestingly, in comparison to patients with COPD and TB, 388

IgM antibodies were specifically up-regulated in TOPD, but 250 types exhibited specific down-regulation. GO and
KEGG enrichment analyses were conducted to investigate the potential characteristics of the upregulated IgM antibodies.
These antibodies were mainly localized in the cellular components such as cytosol and the spectrin-associated cytoske-
leton. They exhibited molecular functions including NF-kappaB binding, histone deacetylase activity, and acetyl-CoA
binding. Functionally, these antibodies were mainly involved in the control of stress response, negative regulation of
protein targeting to the membrane, negative regulation of protein localization to the membrane, and histone H3
deacetylation (Supplementary Figure 1B). The KEGG enriched pathways associated with these antibodies included the

cAMP, chemokine signaling pathways, and signaling pathways regulating pluripotency of stem cells (Supplementary
Figure 1B). On the contrary, the down-regulated IgM autoantibodies in TOPD patients were localized predominantly in
cytosol, intermediate filament cytoskeleton, and polymeric cytoskeletal fibers, and they performed diverse functions such
as those of enzyme binding and phosphoprotein phosphatase activity. These antibodies are mainly involved in different
processes related to keratinization. The KEGG enriched pathways associated with these down-regulated antibodies
included the PI3K-Akt as well as p53 signaling pathways, natural killer cell-mediated pathways, and cytotoxicity
(Supplementary Figure 1C).

We next investigated the expression of the various autoantibodies, such as antielastin, proteoglycan, cytokeratin 18/
19, CD8O0, Collagens I, II, and IV, which have been previously implicated in COPD,'” in the samples available in this
study. Interestingly, analysis using the HuProt™ protein chip revealed that these autoantibodies were included on the
chip but could not be detected in the TOPD group in this study (Table 2). The result suggested that TOPD patients might
have specific autoantibodies that are different from those currently involved in the pathogenesis of COPD, which could
be used as a biomarker to distinguish TOPD from COPD.

Distribution Differences of Immune-Associated Autoantibody in TOPD Patient Serum

The various autoantibodies associated with the immune process in TOPD patient serum were further analyzed and the
heat map results demonstrated significant differences in the distribution of immune-associated IgG antibodies among all
the groups (Figure 2A). Specifically, 44 immune-associated IgG autoantibodies were observed to be markedly up-
regulated in TOPD patients. GO and KEGG enrichment analysis revealed that the upregulated IgG autoantibodies
primarily involved the MHC class I peptide loading complex. Additionally, different cellular components such as the
extracellular region and nuclear envelope were also identified to be involved in regulation of the signaling activity of

Table 2 Expression of Autoantibodies Associated with COPD in This Study

Antigen Full Title HuProt™ Chip | Compared with the
Control Group
ELN Elastin Yes No
COLIAI Collagen | Yes No
COL2A| Collagen Il Yes No
CL4AI Collagen IV Yes No
ACAN Aggrecan Yes No
KRTI18 Cytokeratin 18 Yes No
KRTI9 Cytokeratin 19 Yes No
CD80 Soluble CD80 Yes No
CRYAB Ab-crystallin Yes No
B2M B2-microglobulin Yes No
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Figure 2 Distribution characteristics of immune-related IgG antibodies. (A) Heat maps of differentially expressed IgG autoantibodies. (B) Venn diagram, GO and KEGG
results of immune-related up-regulated IgG autoantibodies. (C) Venn diagram, GO and KEGG results of immune-related down-regulated IgG autoantibodies.

diverse cell receptors and stimulation of immune response to external stimuli (Figure 2B). On the contrary, the down-
regulated IgG autoantibodies were primarily associated with the processes of antigen presentation and modulation of
immune response (Figure 2C). Furthermore, significant differences were observed in the distribution of immune-
associated IgM antibodies among all the groups (Supplementary Figure 2A). The upregulated IgM autoantibodies

were predominantly associated with the extracellular region, proteasome complex as well as other cellular components
involved in defense response, response to stress, and immune system processes (Supplementary Figure 2B). Conversely,

it was noted that the down-regulated IgM autoantibodies primarily affected the receptor ligand activity and innate
immune response (Supplementary Figure 2C).

Analysis Results of the Protein-Protein Interaction Network

The protein-protein interaction network analysis, based on the String database, revealed that the autoantibodies asso-
ciated with the immune process in TOPD patient serum with the highest interaction frequency with IgG autoantibodies
was identified as the long non-coding RNA-binding protein antigen (HNRNPC), concomitant with other notable antigens
such as proliferating cell nuclear antigen (PCNA), Mitogen Activated Protein Kinase 3 antigen (MAPK3), MCMS5
antigen (MCMS5), and RNA binding protein LARP7 (LARP7) (Figure 3A). Moreover, regarding IgM autoantibodies, the
most prominent interactions were observed with heterogeneous autoantigens like long-chain non-coding serine/threonine
protein kinase 1 antigen (AKTI1), epidermal growth factor receptor antigen (EGFR), RuvB-like 1 (RUVBLI),
Streptococcus mutans phosphoribose glycinamide transformylase antigen (GART), serine/threonine protein kinase 2
(AKT2), and TCP1 chaperone subunit 7 (CCT7), among others (Figure 3B).

To assess the potential expression of proteins, an enzyme-linked immunosorbent assay (ELISA) was performed on the
serum samples obtained from 50 individuals in the control group, 53 individuals with tuberculosis, 57 individuals with
COPD, and 44 individuals with tuberculosis combined with COPD. The results indicated significantly higher expression
levels of the autoantigens associated with PCNA, MAPK3, RUVBLI1, GART, AKT1, and RPSA in the TOPD group.
These findings were consistent with the results obtained from the autoantibody analysis conducted on a large sample
using a protein chip. Specifically, PCNA, MAPK3, GART, and AKT1 were found to be specifically expressed in TOPD
and thus can serve as specific antibodies for the clinical detection of TOPD (Figure 3C).

Identification of Epitopes

Property Analysis of Antigenic Peptides

The selection of the various proteins included PCNA from the Gen Bank database (Gen Bank Q01844), MAPK3 (Gen
Bank Q1664), and the amino acid sequences of GART (Gen Bank P22102) and AKT1 (Gen Bank P31749). An online
antigen prediction software, Vaxijen v2.0, was employed to predict the antigenicity of these proteins. The results
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Figure 3 (A) Results of protein-protein interaction network analysis of IgG autoantibody proteins. (B) Results of protein-protein interaction network analysis of IgM
autoantibody proteins. (C) Level of PCNA, MAPK3, RUVBLI, GART, AKT| and RPSA autoantibodies in HC, TOPD, COPD and TB group.Data are shown as mean * SEM.
**P < 0.01.

indicated that overall protective antigen predictions for PCNA was (0.5563), MAPK3 (0.5757), GART (0.4742), and
AKT1 (0.5520). Antigen scores of >0.5 and amino acid lengths >100 suggested strong antigenicity and appropriate
peptide chain lengths, thereby indicating that PCNA, MAPK3, and AKT1 were suitable for the subsequent antigenic
peptide prediction.

The Phyre2 system was used to predict the three-dimensional structures of the selected antigenic peptides, which were
subsequently evaluated using the SWISS-MODEL system. The protein sequences were used for the prediction of CTL,
Th cells and linear B cells antigenic peptides, whereas the three-dimensional structures were employed to predict the
antigenic peptides of the structural B cells. The optimal models for PCNA, MAPK3, and AKT1 were individually
selected (Table 3), and then their respective optimized 3D models were generated (Figure 4A). Finally, the SWISS-

Table 3 Structure Information on Galaxy Refine

Model GDT-HA | RMSD | Mol Probity | Clash Score | Poor Rotamers) | Rama Favored
MODEL3 0.9815 0.331 PCNA 1.605 12.4 0.4 98.8
MODELS5 0.9578 0.395 | MAPK3 1.583 1.7 0 98.2
MODEL3 0.974 0.353 AKTI 1.643 10.2 1.4 98.3
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Figure 4 (A) Candidate model generated by the Galaxy Refine server, (B) 3D protein model shown by the Ramachandran diagram.

MODEL system was utilized to obtain evaluation results (Figure 4B), which confirmed that all these antigenic peptides
were located within the trusted region, thus indicating their reliability.

Identification of CTL Epitopes

To achieve epitope coverage for 90% of the global population, three different subtypes (A2, A3, and B7) were considered
for the prediction of CTL epitopes. Based on the highest predicted scores and an IC50 < 500 nM (representing various
epitopes with strong binding affinity to MHC molecules), one epitope was selected from each antigenic peptide. Nine
epitopes were thereafter chosen accordingly (Table 4).

Prediction of Epitopes in Th Cells
Three distinct HLA subtypes, namely HLADR, HLA-DQ, and HLA-DP, were selected for the prediction of Th cells
epitopes. Based on the IC50 < 500 nM criterion for each protein, a total of 17 epitopes were further chosen (Table 5).

Prediction of Epitopes in B Cells

In this study, a careful selection of five linear antigenic peptides with appropriate chain lengths and low scores was
carried out for PCNA, MAPK3, and AKT1 (Table 6). Additionally, ten structural antigenic peptides (Table 7) and their
corresponding 3D models (Supplementary Figure 3) were also selected for further analysis.

Table 4 PCNA, MAPK3 and AKTI CTL Epitopes Prediction

CTL Epitopes Predicted by NetCTL Server

Protein A2 supertype (IC50) A3 supertype (IC50) B7 supertype (IC50)
PCNA SMSADVPLV (5.14) ALRYLNFFTK (19.45) TPLSSTVTL (33.4)
MAPK3 YQLSKQVLGL (23) KTSNNRLLNK (20.96) SPGMKRRIRL (15.16)
AKTI FQTHDRLCFV (9.23) KLLGKGTFGK (12.47) RPRPNTFII (5.05)
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Immune Simulation

Table 5 Th Epitopes of PCNA, MAPK3 and AKT| Antigenic Peptides

Peptide Allele (Score) 1Cso
PCNA
QLTFALRYLNFFTKA HLA-DPA*02:01/DPB1*05:01 183
HLA-DPA*03:01/DPB1*04:02 275
HLA-DPAI1*01:03/DPB1*02:01 73
HLA-DPA1*02:01/DPBI1*01:01 109
RLVQGSILKKVLEAL HLA-DPA1*02:01/DPB1*01:01 210
HLA-DPA[*03:01/DPB1%04:02
HLA-DPAI1*02:01/DPBI1*01:01
ADMGHLKYYLAPKIE HLA-DRBI*15:01 25
VQLTFALRYLNFFTK HLA-DRBI*15:01 53
HLA-DRBI*04:01
YLNFFTKATPLSSTV HLA-DRBI*04:01 244
NADTLALVFEAPNQE HLA-DQA*04:01/DQB1%04:02 221
HLA-DQA*03:01/DQBI1%*03:02
DLSHIGDAVVISCAK HLA-DQAI*05:01/DQBI*03:01 76
MAPK3
TERLTITQFMNHPWI HLA-DPAI*01:03/DPB1*¥02:01 168
MWSLGVIMYILLCGF HLA-DPA1*02:01/DPBI1*01:01 147
KEKDAVLKLTDFGFA HLA-DPA1*02:01/DPB1*05:01 237
TPLHTARVLQEDKDH HLA-DQAI*01:02/DQB1%06:02 114
AAEIMRDIGTAIQFL HLA-DRB3*01:01 228
HLA-DRBI*13:02 62
AKTI
DHEKLFELILMEEIR HLA-DPA1*02:01/DPBI1*01:01 27
HLA-DPA1*02:01/DPB1*05:01 426
HLA-DPA1*01:03/DPB1*02:01 157
HLA-DPA[*03:01/DPB|*04:02 79
EKLFELILMEEIRFP HLA-DQA*05:01/DQB1*02:01 102
HLA-DQA*04:01/DQB1%*04:02 428
RYFLLKNDGTFIGYK HLA-DRBI*13:02 28
EFEYLKLLGKGTFGK HLA-DRBI*01:01 7
LSRERVFSEDRARFY HLA-DRB3*01:01 92
Table 6 Linear Antigenic Peptides in B Cells and Scores
Proteins Peptides Start Score
PCNA MDLDVEQLGIPEQ 119 0.506
SQTSNVDKEEEAV 183 0.507
MAPK3 QERGDQAFTERE 131 0.509
AKTI YNQDHEKLFEL 350 0.512
PKQRLGGGSEDAKEIMQ 388 0.506

The immune simulation results demonstrated that PCNA, MAPK3, and AKT1 could effectively stimulate the innate
immune system and triggered the innate immune response. Upon stimulation by PCNA, MAPK3, and AKT]I, the

population of NK cells exhibited a gradual increase, reaching its peak count on day 10 (Figure 5A). On the contrary, the
dendritic cells (DCs) reached their maximum count on day 23, primarily in the form of resting cells. DCs in the
presenting suppl-2 state peaked on day 2 and then subsequently declined (Figure 5B). Macrophages, along with DCs can
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Table 7 Predicted Discontinuous Epitopes

No. | Residues Number of Score
Residues
PCNA
| K254, 1255,E256,D257 4 0.85
2 R149, DI150,LI51,S152,H153,1154,G155,D156,K168,S170,A171, S172,G173,.EI74, L175,G176,N177, 21 0.74
GI178,N179,L180,K18I
3 MI,F2,E3,R5,V7,Q8,531,532,533,5S54,E55,F57,D58,T59,Y60,R6 1,C62,D63,R64,N65,L66,A67,C81,A82, 98 0.73

G83,N84,E85,D86,187,R91,A92,E93,D94,N95,A96,D097,T98,V102,F103,E104,A105,P106,N107,Q108,
EIO9KIIOVIILSII2ZDII3YII4EII5MII6KIT7,LII8MII9DI20,L121,D122,VI23,E124,Q125,L126,
G127,1128,P129,E130,Q131,Y133,S134,A163,K164,D165,G166,5183,Q184,T185,S186,N187,VI88,D189,
K190,E191,E192,E193,A194,V195,T196,1197,E198,M199,N200,E201,P202,V203,Q204,5230,A231,D232

MAPK3
D345,D0347,Q348,V349,K350,1351,K352,D353,L354,K355,T7356,5357,N358,N359,363,L362,N363 17 0.84
E33,P34,K35,K36,Y37,A38,V39,T40,D41,D42,Y43,Q44,145,546,K47,Q48,V49,N55,G56,K57,L59,E60, 56 0.72

C61,F62,H63,R64,R65,T66,G67,Q68,K69,C70,L72,L74,Y76,077,578,P79,R82,L101,D102,V103,Y104,
EIO5,N106,M107,H108,H109,GI10,KIII,RI12,CI1I3,L114,LI151117,C120

6 R133,G134,D135,Q136,A137,FI38,T139,E140,R141,G238,P240,Y243,5244,N245,T7246,G247,Q248, 65 0.67
A249,1250,5251,P252,G253,M254,K255,R256,R257,1258,R259,1260,G26 1,Q262,G264,F265,P266,N267,
P268,E269,5271,E272,V273,5274,E275,D0276,K278,H301,P302,N305,Q306,5307,M308,V309,V310,P31 I,

Q312

AKT
7 S122,G123,S124,P125,5126,D127,N128,5129,G130,A131,E132 I 0.92

EI17,MI18DI119,FI20,R121 5 0.92
9 EI33,M134,EI135VI136,S137,L138,A139,KI140,P141,K142 10 0.91
10 M1,52,D3,V4,A5,16,V7,K8,E9,GI0O,WI I,LI12,HI3,T21,W22,P24,Y26,.28,L29,K30,N31,D32,G33,R41,P42, 75 0.76

Q43,D44,V45,D46,Q47,V57,A58,Q59,C60,Q6 1,L62,M63,K64,T65,E66,R67,P68,R69,P70,N71,T72,F73,
174,R76,H89,V90,E91,T92,P93,E94,E95,R96,E97,W99,T100,T101,A102,1103,A104,T105,V106,A107,D108,
GIO9,LITOKITILKII2,QII3EII4EIIS

play a vital role in clearing infected cells. Our findings indicated that presenting-2 macrophages began to proliferate
on day 2, followed by a gradual decline. Once presenting-2 macrophages reached their peak, the population of the active
macrophages increased, reaching a sustained high level of activation on day 7 (Figure 5C). Moreover, it was observed
that PCNA, MAPK3, and AKT]I all exhibited sustained high activity in epithelial cells (Figure 5D).

According to the C-ImmSim prediction, B lymphocytes primarily displayed antigen-presenting function during the
initial stage following PCNA stimulation (Figure 6A). It was found that on day 12, B cells produced elevated levels of
IgG and IgM antibodies (Figure 6B). PCNA stimulated the proliferation of both the memory and non-memory CD4+T
lymphocytes (Figure 6C). Moreover, the number of Treg cells increased gradually and peaked on the 7th day, but the
number of non-memory cytotoxic T cells exhibited a gradual increase and reached its peak on the 13th day (Figure 6D
and E). Conversely, the memory cytotoxic T cells remained at equilibrium without exhibiting any significant change
(Figure 6F). Furthermore, cytotoxic T lymphocytes gradually became active, gradually reaching their peak on day 30
after stimulation, whereas resting cytotoxic T lymphocytes showed the opposite trend (Figure 6G). Our results also
demonstrated that PCNA induced high levels of IFN-g and IL-2 (Figure 6H). The predictions for MAPK3 and AKT]1 also
aligned with those of PCNA (results not shown).

Changes of Immunocytes in the Peripheral Blood of TOPD Patients

Immune cell dysregulation plays a pivotal role in the development and progression of autoimmune diseases.** In this
study, flow cytometry was employed to monitor the possible changes in immune cell populations, including Thl, Th2,
Th17, Treg, ILCI1, ILC2, ILC3, M1, and M2 macrophages, in the peripheral blood of patients with TOPD. It was
observed that comparable to COPD, TOPD patients exhibited an upward trend in Th1 cells but showed a decrease in Th2

2878 s International Journal of Chronic Obstructive Pulmonary Disease 2023:18
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove

Jiang et al

NK cell popdatior {cells pe- mn?)
35 : : : : : 315
Total ——
370 4 370
%3 65
360 4 360
355 4 355
350 4 350
345 1 345
340 4 240
335 4 335
330 1 330
25 325
35

CC populaticn per s.zle {zells per 17m?}

220 T T

INQrRRA 177

1c0 -
50+
—_—
o 25
0 5 1 13 2 25 30 35
days
VA popu atinn per state (celis per mm?s)

250 T T T T

INTZRVALIZEC

PRL5_NI NG-2

o

200

ARTHE ——

STIC

200

3350

ACTVZY INFECEC ——
PRESENTING-1 ———

MAPK3

NK cell sepulation (cells ver mm®)

T 315

Icta

CC populaticn per s.zte (zells per -m?)

INQrRRA 177

AKT1

INK zall pooulat on (cels par rm?)
35 ' ' '

lomal

120 150 -
10 | 100 -
50+ 50 -
s ) e S ————
0 5 1 15 23 25 30 35 0 5 10 15 2 25 30 35
days days
MA Jlation pe* slate (cels per mm?
250 e E G : MA popu alion per state (cells oz mn-3)
- : " ! INTERNAL IZEC 259 : . . . "
\TING-2 —— INTERNALIZED
RRESENTING-2 FRESZATING 2
200 b W — T
le 2090 - LT ——
i
130 | 159 4
1o ||
M Va\ Y
/ \ AW
\ /7
s0 A
/ \\
0 ~—— A
o 5 0 15 20 25 30 35 3
days
CP populetion pe- state {cels per M) EP populalion pe state (cells per '3
4cc L35 T T
. _\W A
85 ACTIVELY INFECTED —— 3% CTIVE. INFECTED ——
N PELSLNI NG-1 —— PRESENT \IG-1 ——
ECS 30
2tC | 750
2cc 29 |
18 150 F
e 19 |
sk w
¢ . . . . . . 5
[ 5 10 5 20 25 3C 35 ¢ N 10 - Pl 2% 30 3
days days

Figure 5 The innate immune responses induced by PCNA, MAPK3, and AKT 1 in C-ImmSim server. (A) Expression of NK cells after antigen stimulation. (B) Expression of
DC cells (black) after antigen stimulation. (C) Expression in macrophages (black) after antigen stimulation. (D) Secretion from active epithelial cells (purple) after antigen

stimulation.

cells, but the proportion of Th17 cells did not display significant statistical variation (Figure 7A). Additionally, the
proportion of Treg cells in TOPD patients did not display a significant increase. (Figure 7B).

The findings regarding innate lymphocyte subsets indicated a significant decrease in the proportion of ILCI cells in
COPD patients in comparison to the control group (P < 0.05). Although there was no significant difference noted in the
proportion of ILC1 cells in TOPD patients, a similar downward trend was observed as in COPD patients. The proportion
of ILC2 cells increased to varying degrees in both TOPD and COPD patients, although no statistical difference was
observed. In contrast, ILC2 cells were significantly decreased in the TB group. Additionally, compared to the control
group, ILC3 cells decreases in both TOPD and COPD groups, but without statistical significance, whereas ILC3 cells
were significantly increased in TB patients (P < 0.01) (Figure 8).
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Figure 6 The adaptive immune responses induced by PCNA in C-ImmSim server. (A) Active B cell (purple) secretion after antigen stimulation. (B) The primary B cell
antibody produced after antigen stimulation is IgM + IgG (yellow) changes over time. (C and D) Changes in the secretion level of helper T lymphocytes and the secretion
levels of helper T lymphocytes of different memory types. (E) Changes in Treg T cell secretion after antigen stimulation. (F and G) Changes in the level of CD8"T secretion
after antigen stimulation and the secretion of different types of CD8"T cells. (H). Changes in secretion levels of cytokines, mainly IFN-g (purple) and IL-2 (yellow).

For macrophages, no statistical difference was observed between each group as well as the control group.
Interestingly, compared to the control group, M2 macrophages demonstrated a decreasing trend in TOPD and COPD
patients, although without statistical significance. Notably, TB patients exhibited the smallest proportion of M2 macro-
phages (P < 0.01) (Figure 9).

IFN-y Was Highly Expressed in Peripheral Blood of TOPD Patients

ELISA method was employed to assess the expression of IFN-y, IL-4, IL-17a, and IL-10 in the peripheral blood serum of
all individuals belonging to the TB, TOPD, COPD, and HC groups (Figure 10). The results demonstrated a significantly
elevated expression level of IFN-y in TOPD, in comparison to the HC group (P < 0.01). Regarding IL-4 and IL-17A
expression levels, no significant changes were observed in TOPD in comparison to the HC group. However, the
expression level of IL-10 was significantly lower in the TOPD group than in both the HC and TB groups (P < 0.05).

Discussion

TOPD is a condition primarily characterized by irreversible airflow restriction that occurs during or after anti-
tuberculosis treatment.>* A number of studies have demonstrated that significantly elevated levels of white blood cell
count, C-reactive protein, and partial pressure of carbon dioxide are present in the peripheral blood of individuals with
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a history of tuberculosis compared to those without tuberculosis,””**® Tuberculosis history can lead to pulmonary fibrosis
and result in obstructive or restrictive ventilation dysfunction in patients with cavitation, tractive bronchiectasis,
bronchial stenosis, or parenchymal lung destruction.”’ 2’ In recent years, several researchers have investigated several
potential pathogenic mechanisms associated with TOPD, including small airway obstruction, chronic inflammation,
bronchiectasis, lung parenchymal destruction etc. However, further elucidation of the underlying mechanisms of disease
occurrence and development is still necessary.
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According to the finding of a previous study, mycobacterial infection serves as one of the environmental triggers that
can initiate autoimmunity.>® The role of autoimmunity in occurrence of chronic airway diseases such as asthma and
COPD has also gained attention in recent years.’'*** At present, autoimmune diseases mainly focus on targeting the
inhibition of B cells or autoreactive T cells,® enhancing the function of specific Treg cells,>* and neutralizing or
modifying antibodies. The types of autoantibodies help to guide the treatment, so the search for new and characteristic
autoantibodies has important clinical significance for the targeted therapy of TOPD. In this study, we have employed the
HuProt™ protein chip, containing approximately 20,000 proteins, to effectively screen for TOPD, tuberculosis, COPD,
and the control group. In addition, after comparing the differential expression of the different autoantibodies present in
TOPD patients and the control group, we have constructed a TOPD autoantibody profile.

The results of our study revealed a significantly higher incidence of down-regulated IgG and IgM autoantibodies in
TOPD patients compared to the control group. Interestingly, Ma et al have previously reported lower levels of
autoantibodies in smokers with COPD compared to non-smokers with COPD,** Moreover, other studies have shown
that healthy individuals possess relatively high levels of autoantibodies against specific antigens, but patients with
autoimmune diseases such as multiple sclerosis exhibit no significant increase in autoantibody production in comparison
to the healthy individuals.>>® As autoantibody can play a vital role in maintenance of tissue homeostasis by clearing the
cell debris, relatively down-regulated autoantibody in TOPD patients might lead to an imbalance in tissue homeostasis
and promote disease development, but this effect still needs to be further explored.
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It has been demonstrated that non-cigarette derived antigens, including anti-extracellular matrix proteins, anti-
cytokeratin, anti-immune molecules, and other antibodies, could be associated with COPD.!617:37:38 Thege antibodies
are substantially elevated in COPD patients, and some of them are correlated with the COPD phenotype.'* Therefore, in
this study, we have investigated the potential expression of these specific autoantibodies in TOPD patients. Although
these autoantibodies were present on the HuProt"™ protein chip, we compared them not only to the control group but also
to tuberculosis, COPD, and the control group. Surprisingly, these antibodies were not found to be expressed in TOPD
patients. A number of studies have shown that TB patients or other autoimmune diseases involved in Tb have different

specific autoantibody profiles.**°

In summary, this study provides sound evidence that the previously identified
autoantibodies associated with COPD were not expressed in TOPD patients. These findings shed important light on
the unique characteristics of autoantibody profiles in TOPD patients and reveal potential mechanisms underlying the
development and progression of the disease. However, further research is necessary to delve deeper into these mechan-
isms and validate these findings.

When comparing TOPD patients with the TB group, the COPD group, and the control group, we found marked up-
regulation of both IgG and IgM autoantibodies in TOPD patients. This up-regulation was associated with the distinct
cellular localization and biological functions. Specifically, the autoantigens targeted by the upregulated antibodies in
TOPD patients appeared to be enriched in several intracellular compartments such as the nucleus and cytoplasm. These
autoantigens were predominantly involved in processes related to the regulation of messenger ribonucleoprotein com-
plex, peroxisome, microbody, microtubule, and cytoplasmic particle pressure. Moreover, further analysis using the
KEGG pathway database revealed that the upregulated IgG autoantibodies in TOPD patients were mainly associated
with the lipid metabolism pathway, lysosome activity, and amino acid metabolism. Interestingly, studies have found that
lipid molecules can stimulate innate-like B-1 B cells to antibody production, and the IgM production by B-1 B cells
requires long-term stimulation by lipid antigens of the replicating mycobacteria.*’ Moreover, in certain situations, lipid
molecules have been used as adjuvants in animal models of autoimmune diseases.*’ Therefore, the above described
metabolic pathways observed by us may play a pivotal role in the progression of TOPD autoimmunity. Additionally, our
results showed that these autoantibodies exhibited potential involvement in different signaling pathways, including
MAPK, Toll-like receptor signaling, and T and B cell differentiation.

A number of previous studies have indicated that an imbalance of Th and Ts cells often accompanies the autoimmune
response in tuberculosis and the corresponding epitopes of these cells can play a critical role in regulation of this process,**
Thus, accurate prediction of the various epitopes that can activate immunocytes holds immense significance for deciphering
the molecular mechanisms underlying autoimmune response in individuals with TOPD. Such predictions can also provide
valuable insights related to the research and development of targeted antibodies. In this study, we have employed ELISA to
detect the core interacting autoantibodies identified through protein-protein interaction (PPI) analysis. Our results indicated
specific expression of PCNA, MAPK3, and AKT1 in TOPD patients. Subsequently, we conducted epitope prediction and
immune activation analysis. Specifically, we were able to predict 9 and 17 distinct epitope sequences in CTL and Th cells,
respectively, as well as 5 linear epitope peptides in B cells, thereby indicating their developmental potential for these three
proteins. In addition, 10 different structural antigenic peptides derived from B cells were identified. Immune simulation results
demonstrated that PCNA, MAPK3, and AKT1 not only could induce epithelial cells to maintain high activity but also
efficiently stimulated the innate immune system to induce an immune response but also promoted a robust Th1 adaptive
immune response, thus resulting in elevated levels of cytokines such as IFN-y and IL-2.

Mtb, which can enhance activation of macrophages) as well as dendritic cells (DCs) and promote Thl protective
response against intracellular pathogens is prone to producing autoantibodies.*> Moreover, the prolonged exposure of
Toll-like receptors on the macrophages and dendritic cells (DCs) to autoantigens as well as endothelial cells can lead to
their activation, differentiation into epithelioid cells, and the subsequent secretion of diverse cytokines such as TNF-a
and IL-1. DCs carrying antigens can effectively migrate to the lymph nodes and present them to the T lymphocytes. Once
activated, T lymphocytes differentiate into various subsets, including CD4%, CD8", Th7, and Treg cells, which can
effectively proliferate and migrate to the different inflammatory sites.***> In this study, immune simulation results
showed that autoantigen can stimulate macrophages and DCs cells. In addition, reduced frequency of anti-inflammatory
M2 macrophages or prolonged activation of M1 macrophages may be associated with the development of detrimental
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inflammation and autoimmunity.*® However, the results of flow cytometry showed that the changes of M1 and M2 cells
in TOPD patients were not significant.

Numerous clinical studies have provided evidence that antigens obtained from Mtb can interact with the host, thus
leading to the activation of autoreactive T cells and the production of diverse cytokines such as IFN-y. TNF-a, which in
turn, can promote autoimmune inflammatory responses, thereby aggravating the course of tuberculosis and other related
diseases.'>*” Additionally, Mtb can cause extensive destruction of the extracellular matrix, thereby resulting in the
release of novel potential autoreactive epitopes derived from the collagen and elastin and further intensify autoimmune
response.”**® Furthermore, flow cytometry results confirmed significant upregulation of Th1 cells in the peripheral blood
of TOPD patients. Although prior studies have implicated the role of ILC in the pathogenesis of autoimmune diseases, no
clear trend was observed in this study.

In conclusion, our findings shed important light on the complex immunopathogenesis of tuberculosis and provide
novel insights into the autoimmune response mechanisms in patients with TOPD. Overall, understanding the various
epitopes involved in immunocyte activation and the subsequent immune responses can pave the way for the development
of targeted therapies. However, further research is necessary to validate these predictions and completely elucidate the
therapeutic potential of targeting PCNA, MAPK3, and AKT1 in TOPD. Nevertheless, the clinical case collection in this
study was relatively small and only the differential autoantibodies related to immunity were analyzed, which has certain
limitations and defects.Unfortunately, due to technical and experimental limitations, it was not possible to obtain airway
tissues from patients with TOPD in the short term, nor establish TOPD animal models. Therefore, this study is limited to
the analysis of immune cell subsets in peripheral blood and the prediction of autoantigen epitopes in TOPD patients. As
a result, we were unable to analyze the immune cell subsets in airway tissues of TOPD patients or verify the dominance
of autoantigen epitopes. This deficiency and insufficiency of the study should be noted.

Conclusions

The pathogenesis of TOPD was investigated in terms of the autoimmune response. The findings indicated that
tuberculosis infection can trigger an autoimmune response, leading to immune dysfunction and increased expression
of Thl cells as well as their associated cytokines. Furthermore, the accumulation of pulmonary inflammatory responses
could initiate a cascade of pulmonary pathological processes, ultimately facilitating the progression of TOPD. Since
Mycobacterium tuberculosis has the potential to induce autoimmune processes, targeting autoimmunity and its related
symptoms could be crucial in predicting and clinically treating TOPD. Further study related to the production and the
possible biological mechanisms of autoantibody may be one of the future research directions.This may lead to the
development of new therapeutic targets and strategies.
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