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Abstract: The AutoImmune ThyroiDitis (AITD), known as Hashimoto’s disease, is a 

chronic autoimmune thyroid disease progressively developed to hypothyroidism. The 

AITD is characterized by the formation of autoantibodies targeting two specific 

thyroid antigens, Thyroglobulin (Tg) and Thyroid PerOxidase (TPO). Tg is a 

precursor of the thyroid hormones while TPO catalyses their synthesis. The AITD 

has a strong genetic predisposition. During the last years, it was found that the 

susceptibility to AITD is associated with certain Human Leukocyte Antigens (HLA) 

class II genes of loci DR and DQ. In the present study, we applied in-house 

immunoinformatic tools to identify peptides originating from Tg and binding to AITD 

susceptible alleles: HLA-DR3, HLA-DR4, HLA-DR5, HLA-DQ2 and HLA-DQ8. Five 

peptide fragments containing promiscuous overlapping binders were selected. These 

were p470, p949, p1948, p2348 and p2583. Only one of them contains a known 

epitope (p1948). The rest have not been reported yet. The selected peptide fragments 

will be coupled to monoclonal antibodies specific to inhibitory B cell receptors 

designed to suppress the production of Tg autoantibodies.  

1. Introduction 

The protein Thyroglobulin (Tg) is a precursor of the thyroid hormones 

Triiodothyronine (T3) and Tetra-iodothyronine (T4). The synthesis of T3 and T4 

from Tg proceeds in the thyroid gland by iodination and coupling of pairs of Tyr 

residues positioned in close proximity on Tg. The process of iodination is catalysed 

by the enzyme Thyroid PerOxidase (TPO).  

Tg is a homodimer of glycoproteins (Fig. 1). Its structure was recently resolved 

by cryo-electron microscopy (pdb code: 6SCJ) [1]. Each subunit has a size of 330 

kDa and contains 2768 amino acids. Among them, 66 are Tyr and half of them are 

iodinated but only small number are hormonogenic, i.e., are able to convert in thyroid 

hormones [1].  
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Fig. 1. Homodimer of human Thyroglobulin (Tg) (pdb code: 6SCJ). The monomers are given in red 

and blue 

 
In human, Tg and TPO are potential autoantigens. In some patients, they are 

recognized by the T lymphocytes, followed by the production of CD4+ T cells,  

CD8+ T cells and Immunoglobulin G (IgG) autoantibodies which attack and destroy 

progressively the thyrocytes and lead to hypothyroidism. These processes underlie 

the AutoImmune ThyroiDitis (AITD) known as well as Hashimoto’s disease [2]. 

AITD is one of the most common human autoimmune disease and affects around 2% 

of the general population [3]. The onset of AITD depends on a combination of genetic 

and environmental factors like iodine intake [4], bacterial and viral infections [5], and 

pregnancy [6]. Among the genetic factors, the role of Human Leukocyte Antigens 

(HLA) is the most prominent [2]. The HLA genes encode intracellular proteins, 

which are involved in the antigen processing [7]. The role of HLA proteins in the cell 

is to bind peptides originating from foreign or self-proteins and to present them to T 

cells. The peptides recognized by the T cells are assigned as epitopes. The activation 

of T cells initiates an immune response leading to production of specific antibodies 

targeting and destroying the Antigen-Presenting Cells (APC). If the peptides fail to 

bind to HLA, no immune reaction is initiated. If peptides originating from self-

proteins bind to HLA, the activation of T cells triggers an autoimmune disease like 

AITD.  

HLA are extremely polymorphic. By September 2020, in the IMGT/HLA 

database are described 20192 HLA class I and 7407 HLA class II genes. The role of 

selected HLA class II genes susceptible to AITD has been clarified during the last 

decades. HLA-DR3, -DR4 and -DR5 have been reported to be associated to AITD in 

Caucasians [2, 8]. Additionally, HLA-DQ2 and -DQ8 are present in half of the 

patients with AITD [9]. 

The asymptomatic and subclinical AITD has no specific therapy. When the 

disease progresses to hypothyroidism, a thyroid hormone replacement with synthetic 

T4 is administered. During the last years, many attempts have been made to control 

and modulate the autoimmune diseases by supressing and elimination of 
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autoantibodies targeting autoantigens [10]. Recently, we constructed a chimeric 

protein molecule containing a specific monoclonal antibody (mAb) coupled with 

peptide epitopes originating from the type 1 diabetes mellitus autoantigen GAD65 

[11, 12]. The chimeric molecule was able to modulate the activity of GAD65-specific 

B-lymphocytes and to supress the production of anti-GAD65 antibodies.     

In the present study, we analyse the protein sequence of human Tg by in-house 

immunoinformatic tools and identify peptides binding selectively to HLA proteins 

susceptible to AITD. Next, these peptides will be loaded to a chimeric molecule 

designed to suppress the production of Tg autoantibodies.   

2. Protein sequences and servers for HLA class II binding prediction 

2.1. Tg proteins 

The protein sequence of the human Tg (UniProtKB: P01266) was retrieved from 

UniProt knowledgebase [13]. Tg consists of 2768 residues. It starts with a signal 

peptide of 19 amino acids, which is removed in the mature protein. There are two 

isoforms of Tg – isoform 1 (major) and isoform 2 (minor). The isoform 1 is defined 

as a canonical sequence because is the most prevalent and the most similar to 

orthologous sequences found in other species [13]. In the present study, we used the 

isoform 1 with identifier P01266-1. As the preclinical studies of the constructed 

chimeric antibodies will be tested on humanized NOD-SCID mice, similarity search 

was performed with the mouse Tg (UniProtKB: O08710).  

2.2. Peptide binding prediction 

The peptides binding to HLA-DR3 (DRB1*03:01), HLA-DR4 (DRB1*04:01, 

DRB1*04:04 and DRB1*04:05), HLA-DR5 (DRB1*11:01 and DRB1*12:01), HLA-

DQ2 (DQA1*05:01/ DQB1*02:01) and HLA-DQ8 (DQA1*03:01/DQB1*03:02) 

were predicted by the in-house servers EpiTOP and EpiDOCK.  

EpiTOP [14] is a server for peptide binding prediction based on 

proteochemometrics [15]. It predicts binding to 24 most frequent HLA-DR, -DQ and 

-DP alleles in human population [16]. The predicted affinity is given as pIC50  

(–logIC50), where IC50 is the concentration inhibiting 50% of the binding of a 

radiolabeled standard peptide to detergent-solubilized MHC molecules. EpiTOP is 

freely accessible at http://www.ddg-pharmfac.net/ EpiTOP3.  

EpiDOCK [17] is a server for peptide binding prediction based on quantitative 

matrices derived by molecular docking of peptide combinatorial libraries on HLA 

class II proteins and predicts binding to 23 most frequent HLA-DR, -DQ and -DP 

alleles (same alleles as EpiTOP with DQA1*05:01/DQB1*02:01 but without 

DPA1*01:03/DPB1*03:01 and DPA1*03:01/DPB1*04:02). The predicted affinity is 

given as a score assessing the free energy of binding. EpiDOCK is accessible at 

http://www.ddg-pharmfac.net/epidock.  

Both servers predict the peptide binding core consisted of nine successive amino 

acid residues.   
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3. Results and discussion 

The signal peptide (residues 1-19) was removed and the mature protein sequence was 

presented as a set of overlapping nonamers (peptides consisting of 9 amino acids). 

The nonamers correspond to the binding cores of peptides binding to HLA class II 

proteins (Fig. 2). Thus, 2741 nonamer peptides were generated.  

EpiTOP and EpiDOCK were applied to predict the binding affinities of peptides 

to AITD-susceptible HLA alleles: HLA-DR3 (DRB1*03:01), HLA-DR4 

(DRB1*04:01, DRB1*04:04 and DRB1*04:05), HLA-DR5 (DRB1*11:01 and 

DRB1*12:01), HLA-DQ2 (DQA1*05:01/DQB1*02:01) and HLA-DQ8 

(DQA1*03:01/DQB1*03:02). The top 10 best predicted binders for each allele were 

mapped on the Tg sequence. Initially, 54 peptide fragments containing between 1 and 

15 binders were identified. The fragments include overlapping or non-overlapping 

binding cores and 4 flanking residues – two of each end (Fig. 2). 

 

 
Fig. 2. Peptide bound into the binding site of HLA-DQ8 (pdb code: 1JK8). The HLA protein is given 

in green. The binding core consists of 9 amino acids (given in blue). The flanking residues are given in 

cyan 

 

Next, only fragments containing peptides binding to at least 5 of 8 alleles were 

considered. Thus, 7 promiscuous fragments were selected. The binder identities in 

human and mouse Tgs were compared and only 5 peptide fragments showed 75% or 

higher identity. These were p470, p949, p1948, p2348, and p2583. They were 

selected for analysis in the present study (Table 1). Only one of them contains a 

known epitope (p1948) [18]. The rest have not been reported yet.  

The peptide p470 consists of 41 residues and contain 15 predicted binders to 5 

DR and 1 DQ alleles with 78% identity between human and mouse Tgs. The peptide 

p949 has 20 residues and 8 predicted binders to 5 DR and 1 DQ alleles with 88% 

identity. The peptide p1948 covers 6 alleles with 6 predicted binders and 75% 

identity. It contains the known T-cell epitope 1956ILEDKVKNF1964 associated with 
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AITD [18]. The peptide p2348 covers 5 DR alleles with 82% binder identity with 

mouse Tg. The p2583 contains 6 binders to 6 alleles with 75% identity.   
 

Table 1. Human Tg peptide fragments (epitopes) selected in the present study. The predicted binding 

cores are given in bold. Peptides are encoded by single amino acid letters 

Position Peptide Binders Covered HLA 
Identity to 

mouse Tg 

470 
NLFGGKFLVNVGQFNLSGAL 

GTRGTFNFSQFFQQLGLASFL 
15 

DR3, DR4, DR5, 

DQ8 
78% 

949 SRFPLGESFLVAKGIRLRNE 8 
DR3, DR4, DR5, 

DQ8 
88% 

1948 KALFRKKVILEDKVKNFYTR 6 DR4, DR5, DQ2 75% 

2348 
GEVSGNWGLLDQVAALTWV 

QTHIRGFGG 
5 DR4, DR5 82% 

2583 
ATRDYFIICPIIDMASAWAKR 

ARGNVFM 
6 

DR4, DR5, DQ8 
75% 

        

The selected Tg epitopes will be coupled to a specific mAb (CD35) suppressing 

the production of anti-Tg antibodies by B cells (Fig. 3). By the Tg epitopes, the 

constructed chimera cross-links the B-Cell Receptor (BCR) on the B cell secreting 

anti-Tg antibodies and the suppressive CD35 molecule. This chimeric molecule is 

expected to suppress the B cell differentiation to anti-Tg antibody-secreting plasma 

cells as well as to increase the apoptosis of already differentiated B cells.   

 
Fig. 3. A putative mechanism of suppressing the production of anti-Tg antibodies by a chimeric 

protein molecule (mAb) consisting of CD35 mAb and Tg epitope (in blue). The mAb cross-links the 

B-Cell Receptor (BCR) with Tg paratope (in green) and the suppressive CD35 molecule (in red) on 

the surface of a specific B cell 

 

In conclusion, in the present study we applied immunoinformatic tools to 

identify T-cell epitopes originating from the human Tg and binding to HLA class II 
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proteins associated with susceptibility to AITD. The epitopes will be utilized in the 

development of a specific immunotherapeutic drug against AITD.  
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