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Abstract: Rheumatoid arthritis (RA) is an autoimmune disease in which joints are gradu-
ally destroyed, and early diagnosis and treatment before joint deformation or destruction 
is important. The detection of novel RA biomarkers in saliva may facilitate the early de-
tection of RA before the onset of disease. In this study, we conducted a comprehensive 
proteomic analysis of salivary proteins from RA model mice. Proteins were identified by 
Western blotting and enzyme-linked immunosorbent assay in serum, saliva, and ankle 
joints from DBA/1JJmsSlc mice, a model of rheumatoid arthritis. Ankle joints and sub-
mandibular glands were hematoxylin and eosin stained and immunostained, and the re-
sults were compared with those of control mice. Citrullinated α1 antitrypsin (A1AT, 46 
kDa) was commonly detected in saliva, serum, and ankle joints of severe RA model mice, 
and was confirmed by proteome analysis. Western blotting detected a band correspond-
ing to 46 kDa in serum, saliva and ankle joints, and immunostaining of ankle joints with 
A1AT antibody showed a strong positive signal in the synovium. In DBA/1JJmsSlc mice, 
not only cyclic citrullinated peptide antibodies but also A1AT may be involved in protein 
citrullination and contribute to the development and severity of RA. 

Keywords: anti-citrullinated protein antibody (ACPA), alpha-1-antitrypsin (A1AT), 
DBA/1JJmsSlc mice Proteome analysis, rheumatoid arthritis (RA) 

 
 

1. Introduction 
Rheumatoid arthritis (RA) is an autoimmune disease that affects about 1% of the world's 

population, causing progressive bone and joint destruction [1,2]. The aetiology of this dis-
ease remains unknown, but it is believed to be due to genetic, environmental, or immune 
factors. Other factors such as smoking [3,4], stress [5,6], periodontal disease [7,8], and gut 
flora [9,10] are also known to be involved in the onset and exacerbation of the disease. 
Seventy percent of RA cases result in joint destruction within 2 years after onset, thus, it 
is important to diagnose and treat it early. However, early diagnosis is often difficult due 
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to the different clinical symptoms of RA. The development of disease-modifying antirheu-
matic drugs (DMARDs), such as synthetic and biological DMARDs used to target inflam-
mation and thereby prevent further joint damage, has made RA a manageable disease. 
DMARDs have repeatedly shown the potential to significantly improve disease symp-
toms and prevent disease progression in RA patients, but with significant side effects and 
high economic costs [11,12]. In addition, the underlying diagnosis remains unresolved. 

Anti-citrullinated protein antibodies (ACPA) are autoantibodies to citrullinated pro-
teins that react with many types of protein antigens, including type II collagen, fibrin 
products, vimentin, and histones [13-15]. Citrullinated proteins are usually not detected 
in normal joints of ACPA-positive individuals, and when citrullinated proteins appear in 
joints, they trigger an antigen-antibody reaction that produces a variety of cytokines such 
as IL-6 and IL-17 [16,17]. ACPA is detectable years before the onset of symptoms and its 
levels increase with the onset of symptoms. In addition, various isotypes can be observed 
during the onset of symptoms. This suggests that various events occur before the onset of 
RA and that autoantibodies are expressed in predisposed individuals. Therefore, the pres-
ence of these autoantibodies may help predict the onset of RA, and the identification of 
citrullinated proteins may be important for the early diagnosis of RA. 

The clinical application of saliva is based on its advantages such as ease of collection, 
painlessness, and non-coagulability. Saliva has biological information comparable to 
blood and urine, and saliva contains a wealth of readily available information in the form 
of biomarkers, which have been clinically applied to cancer [18,19], Alzheimer's disease 
[20], and stress [21]. In addition, it has been found to be highly sensitive in detecting sali-
vary autoantibodies in Sjögren 's syndrome and Behcet's disease [22], and IgG antibodies 
against HIV-1 in HIV patients [23,24]. 

In this study, DBA / 1JJmsSlc was used. In this mouse model, arthritis and chronic in-
flammation, such as the severe joint swelling and periostitis seen in rheumatoid arthritis, 
is induced by administration of bovine type II collagen. We previously reported that in-
fection of DBA mice with Porphyromonas gingivalis (P. gingivalis) aggravated arthritis, and 
anti-CCP antibodies were detected in the saliva of the mice [25]. Animal models of arthri-
tis have been used to identify key molecules involved in the pathological mechanisms 
underlying RA and to discover new drug candidates for RA, and the DBA mouse model 
has been established as the most standard arthritis model. [26,27]. Proteome analysis is 
currently used to study biomarkers for various diseases such as cancer and autoimmune 
diseases, leading to early detection of these diseases [28-31]. In this paper, we report a 
proteomic analysis of the expression of proteins related to citrullination in saliva using 
DBA mice in a comprehensive manner. 
 

2. Results 
2.1. Progression of inflammation 

The ankle joints in the severe RA group was clearly redder and more swollen com-
pared to that in the control group. Micro computerised tomography (Micro CT) images 
showed thinner leg bone and periarticular joint destruction in the severe RA group com-
pared to the control group (Figure 1 a, b). Haematoxylin and eosin (HE) staining of the 
ankle joints showed more inflammatory cells in the severe RA group. Notably, chronic 
inflammatory cells were found around the ankle joints, indicating bone destruction (Fig-
ure 2b, d). These findings were not observed in those of the control group (Figure 2 a, c). 
Joint deformity was also observed in the severe RA group. The arthritis scores of the ankle 
joints of the mice (0, 4.01 ± 0.25, and 9.17 ± 1.94 in the control, mild, and severe RA groups, 
respectively) (Figure 3) differed significantly (n=5, p<0.05) 
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Figure 1. In the severe rheumatoid arthritis (RA) group, swelling of the ankle joint is more pro-
nounced macroscopically than in the control group (a), (b). Micro computerised tomography 
(CT) images show the thinning of the tarsal bones of the legs and deformities of the joints in the 
severe RA (a), (b). (a): Control, (b): severe RA. 
 

 
 
Figure 2. Haematoxylin and eosin (HE) staining of the ankle joints shows marked joint destruc-
tion and inflammatory cell infiltration in the severe rheumatoid arthritis (RA) group (b) (d). 
These were not observed in the control group (a) (c). (a) (c): Control, (b) (d): Severe RA. (a) (b):  
Low magnification, scale bar = 100 μm, (c) (d): High magnification, scale bar = 100 μm. 
 
 

 
 

 
 

Figure 3. The arthritis scores from each group are shown. The control group had no swelling, and 
their score was 0. The score of the severe RA group was significantly higher than that of the mild 
RA group (*Welch’s t test, n=5, p<0.05). 

2.2 Proteome analysis 
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A database search (Mascot search) of gel fragments obtained by protease treatment 
identified various citrullinated proteins. They were identified from 55 kDa gel fragments 
of serum, ankle joints, and saliva of mice in the severe RA group (Fig. 4). Citrullinated α-
1-antitrypsin (A1AT) was commonly identified in serum, saliva, and ankle joints of mice 
in the severe RA group, and 46 kDa gel fragments of these sites were also analyzed and 
found to be citrullinated (Fig. 5). 
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Figure 4. Proteome analysis showed that citrullination was observed in a variety of proteins. 
Among them, A1AT, which is citrullinated by deimidation of arginine residues, was found to be citrul-
linated to arginine in the ankle joints (Foot), serum, and saliva of the severe RA group (red boxed area). 
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Figure 5: Citrullination sites in a mouse model of severe RA. Asparagine (N), glutamine (Q), arginine 
(R), N-terminal phenylalanine (F). Composition is H(-1), N(-1), O(+1) (R indicates citrullination, red 
circle). 

 
2.3 Histological examination of the ankle joints 

Immunohistochemical staining was performed on serial sections of the ankle joints 
samples from the severe RA group that showed particularly intense HE staining of in-
flammatory cells. In the control group, immunostaining of A1AT and CCP showed no 
positive signal in or around the synovium (Figure 6 a, b). Positive signals for A1AT and 
CCP antibodies were observed in the periarticular synovium in the severe RA group, and 
particularly strong signals were observed for A1AT (Figure 6 c, d, f, g). The negative con-
trol group also showed no positive signal, demonstrating the specificity of this staining 
(Figure 5 e, h). 

HE staining of the submandibular gland showed no infiltration of inflammatory cells 
or morphological changes in the ducts or acinar cells in the severe RA group, and the 
morphology was the same as that in the control group (Figure 7 a, b). In addition, im-
munostaining of the submandibular glands of the severe RA group did not show positive 
signals for A1AT or CCP antibodies (Figure 7 c, d). 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 December 2021                   doi:10.20944/preprints202112.0453.v1

https://doi.org/10.20944/preprints202112.0453.v1


 7 of 16 
 

 

 
Figure 6. Ankle joints were immunostained with alpha-1-antitrypsin (A1AT) and anti-citrullinated  
peptide (CCP) antibodies. In the controls, neither A1AT nor anti-CCP antibodies show positive sig-
nals, while in the severe RA groups, both A1AT and anti-CCP antibodies show positive signals in 
the synovium, with A1AT showing even stronger signals. (a), (b): Control, high magnification, scale 
bar =100 μm, (c), (d), (e): Severe RA, low magnification, scale bar =100 μm, (f), (g), (h): Severe RA, 
high magnification, scale bar =100 μm. 
 

 
 

Figure 7. HE staining of mouse submandibular glands shows no change between the control 
and severe RA groups (a), (b). Immunostaining with alpha-1-antitrypsin (A1AT) and anti-citrul-
linated peptide (CCP) antibodies shows no positive signal in the submandibular glands of the 
severe RA group (c), (d). (a): Control, HE staining, scale bar =100 μm, (b): Severe RA, HE stain-
ing, scale bar =100 μm, (c): Severe RA, immunostaining with A1AT antibody, scale bar =100 μm, 
(d): Severe RA, immunostaining with CCP antibody, scale bar =100 μm 
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2.4. Detection of CCP antibody 
The CCP antibody levels of the control, severe RA, and mild RA groups were com-

pared using the enzyme-linked immunosorbent assay (ELISA) method. Comparisons 
showed a significant difference in serum levels between each comparison group (Figure 
8 a). Since no CCP was detected in the saliva of the controls, the mild and severe RA 
groups were compared, and the severe RA group showed significantly higher levels 
(Figure 8 b). A significant difference was observed in all ankle joint comparisons (Figure 
8 c). These results show that CCP antibody levels in the serum, saliva, and ankle joints 
of the severe RA group were significantly higher than those in the other groups (n=5, 
p<0.05). 

 

            
Figure 8. The amount of anti-citrullinated peptide (CCP) in the serum and ankle joints of the 
control and mild RA groups was significantly different from that in the severe RA group. The 
amount of CCP in the saliva was also significantly higher in the severe RA group than that in the 
mild group and was not detected in the control group. (*Post-hoc test using Bonferroni correction, 
a: p <0.05, b: p <0.05, c: p <0.05, n=5 per group.) (a): Serum CCP, (b): Saliva CCP, and (c): Ankle 
joints CCP antibody levels.  

 
2.5. Western blot analysis 

Proteomic analysis identified a 46 kDa citrullinated protein identified as A1AT 
and a 55 kDa anti-CCP antibody. Similarly, western blotting revealed a 46 kDa band in 
the serum, saliva, and ankle joint samples in both the severe and mild RA groups (Fig-
ure 9 a, b, c). When the intensity of the band was graphed using ImageJ software (ver-
sion: ij153-win-java8; NIH, Bethesda, MD, USA), the severe RA group showed more 
intense bands than the mild RA group. In addition, bands appeared in both the severe 
and mild RA groups at 55 kDa (Figure 9 d, e, f), whereas more intense bands were ob-
served in the severe RA group at 46 kDa (Figure 9 a, b, c). In the control group, bands 
also appeared at 46 kDa in the ankle joints samples and at 55 kDa in the serum, saliva, 
and ankle joints samples, but were the faintest of the three groups (Figure 8 c, d, e, f). 
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Figure 9. Western blotting results show that alpha-1-antitrypsin (A1AT, 46 kDa) was detected in the 
serum, saliva, and ankle joints. When the band intensity was quantified using ImageJ, the severe RA 
group was determined to have the highest expression levels in their serum, saliva, and ankle joints. 
Furthermore, results show that CCP (55 kDa) was detected in the serum, saliva, and ankle joints. 
Lane 1: Control; Lane 2: mild RA; Lane 3: severe RA. (a), (d): Serum band intensity; (b), (e): Saliva 
band intensity; (c), (d): Ankle joints band intensity. 

3. Discussion 

In addition to the autoantibody system that recognizes citrullinated proteins such as 
ACPA, autoantibody system against carbamylated proteins (anti-CarP) are known to exist 
in the serum of RA patients. In addition, Verheul et al. analysed the molecular structure 
of Ca-FCS protein recognized by anti-CarP antibodies and found that carbamylated α-1-
antitrypsin (Ca-A1AT) is a potential antigenic target of anti-CarP antibodies in RA pa-
tients [32]. This study, we showed that joint inflammation increases the amount of citrul-
linated A1AT in synovium in a mouse model of rheumatoid arthritis, suggesting that cit-
rullinated A1AT may be involved in the pathogenesis of RA. A1AT, a serine protease in-
hibitor, is a glycoprotein produced mainly in hepatocytes, and is said to increase more 
than 4-fold during an acute inflammatory reaction. A1AT levels are also increased in 
chronic hepatitis, cirrhosis, diabetic malignancies, and neoplastic malignancies (especially 
leukemia and hepatocellular carcinoma). A1AT deficiency causes inflammatory diseases 
such as hereditary cirrhosis, juvenile cirrhosis, obstructive lung disease, and systemic vas-
culitis [33,34]. Recent studies have confirmed that A1AT is a highly abundant serum pro-
tease inhibitor that strongly limits the protease-mediated entry of SARS-CoV-2 [35,36]. In 
this study, several citrullinated proteins were detected by proteomic analysis (Supplemen-
tary Table 1), and citrullinated A1AT was detected in serum and saliva, and ankle joints. 
Immunohistochemical staining of ankle joints of the RA group with A1AT antibody 
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showed a strong positive signal in synovial joints, and this 46 kDa protein was also de-
tected by western blotting. This study suggests that in a mouse model of rheumatoid ar-
thritis, joint inflammation increases the amount of A1AT in the synovium, and that citrul-
linated A1AT may be involved in the development of RA. 

Next, we examined whether citrullinated anti-CCP anti-bodies or A1AT could also be 
detected in the salivary glands, but no signal was detected from either antibody when the 
salivary glands were immunostained. This suggests that the salivary glands themselves 
do not produce antibodies. This suggests that the salivary glands themselves do not pro-
duce antibodies. In other words, citrullination occurred in the synovial membrane of the 
mouse ankle joint, and the citrullinated protein flowed into the bloodstream, probably 
into saliva. Since saliva is composed of plasma components, substances in the blood may 
be detected in saliva. We have reported that PSA, a tumor marker for prostate cancer, is 
detected in the saliva of mice implanted with prostate tumor and prostate cancer patients 
in clinical trials, and that there is a correlation between PSA concentrations in blood and 
saliva of mice and humans [37]. Of note, autoantibodies are not produced in salivary 
glands, but are thought to be transferred from blood [38], which can be applied clinically 
in the case of RA. However, as the results of ELISA showed, the amount of antibody de-
tected in saliva is lower than in the serum or ankle joints because the plasma component 
is diluted when transferred to saliva. This is an issue that must be considered in the prac-
tical application of saliva testing for RA, along with the sensitivity of ELISA. However, in 
this study, anti-CCP antibody was not detected by ELISA in the saliva of the control 
group, and that the severe RA group showed significantly higher values than the mild RA 
group. Therefore, the quantification of A1AT protein by ELISA will be an important part 
of the future detection strategy. 

This study had some limitations. The citrullinated A1AT was identified in this study, 
but carbamylation was not examined. Future studies should focus not only on citrulli-
nated A1AT but also on carbamylated A1AT and conduct multifaceted analyses including 
pathological tissues. Furthermore, since the present results were obtained in mice, it is 
necessary to verify the results using human saliva in the future. By comprehensively ex-
amining various biomarkers such as anti-CCP antibodies and citrullinated A1AT in saliva, 
we may be able to establish a method for the early diagnosis of RA. 

 
4. Materials and Methods 

4.1. Animals 
Male 12-15-week-old DBA/1JJmsSlc mice (SLC Japan, Shizuoka, Japan) were ac-

quired. The mice were kept in a specific pathogen-free (SPF) room and allowed free access 
to food and tap water. The mice were divided into three groups: control, mild RA (12-
week-old DBA mice) and severe RA (15-week-old DBA mice) groups (Table 1). The exper-
imental protocol was approved by the Kanagawa Dental University Animal Experiment 
Ethics Committee (approval No. 19-013) and the experiment was performed in accordance 
with the Guidance for Animal Experimentation of Kanagawa Dental University and the 
ARRIVE Guidelines (Animal Research: Reporting of In Vivo Experiments). Care and use 
of laboratory animals were also carried out in accordance with the guidelines of the Na-
tional Institutes of Health (NIH Publications No. 8023, revised 1978). 

 
4.2. RA induction 

Bovine type II collagen (0.2 mg) was administered at the base and ridge of the auricle 
(50 μg total collagen/mouse) at weeks 7 and 10 in the RA DBA mice. For the control group, 
we administered the same amount of saline in the same manner. Sampling was performed 
at the age of 12 weeks in group 2 and 15 weeks in groups 1 and 3 (Figure 9). The joints of 
the feet were evaluated by the arthritis index on a 5-point scale. The index was scored as 
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0, no change; 1, finger swelling; 2, finger and foot swelling; 3, whole foot swelling; 4, and 
severe swelling. This was based on the same technique as previously reported [30].  

 
                Table 1. Antibodies used for immunostaining and western blotting and their dilution factors. 

 
 

 

 
 
Figure 10. The administration time for bovine type II collagen and sampling time for each group of 
mice. 
 

4.3. Sample preparation 
At week 12, 1 mg/kg of the nonselective muscarinic receptor stimulator pilocarpine 

(Sampiro 1%, Santen, Osaka, Japan) was administered intraperitoneally to each mouse, 

  Antibody Supplier 
Iso-
type 

Dilution 
for IHC 

Dilution 
for WB 

Primary 
 antibody 

for IHC 
and WB 

CCP polyclo-
nal  

antibody  
(bs-1053R) 

Bioss  
(Woburn, MA, 

USA) 
IgG 1/300 1/500 

 

Anti-alpha 1  
antitripsin an-

tibody 
(ab231093) 

Abcam  
(Cambridge, UK) 

IgG 1/300 1/1000 

Secondary 
antibody 
for WB 

Histofine 
mouse stain kit 

Nichirei Biosci-
ence  

(Tokyo, Japan) 
      

Secondary 
antibody 
for WB 

Polyclonal 
goat  

anti-rabbit  
immuno-

globins HRP 

DAKO  
(Santa Clara, CA, 

USA) 
IgG   1/1000 

Negative 
control for 

IHC 

Rabbit IgG, 
polyclonal- 

isotype control 
(ab37415) 

Abcam 
 (Cambridge, UK)  

IgG 1/300   

IHC, immunohistochemistry; WB, western blot; CCP, anti-citrullinated peptide; 
HRP, horseradish peroxidase 
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and saliva was collected using a micropipette. Blood was then collected by cardiac punc-
ture. Serum components were separated in a vacuum blood collection tube (Benoject II, 
Terumo, Tokyo, Japan) and centrifuged (10,000×g, 15 minutes, 4°C). Mouse ankle joints 
were removed and one joint was used as the tissue sample, while the other was used as 
the bone sample; these were subjected to Cryo-press (Microtec Company Limited, Chiba, 
Japan) and suspended in 1% Triton X-100 (MP Biomedicals, Inc.; homogenised with PBS) 
and stored at -80°C. 

 
4.4. Micro CT evaluation 

Radiological examination was used to assess bone destruction. The amputated 
mouse ankle joints were frozen and photographed by micro CT, for which a ScanXmate-
L080 (Comscantechno, Kanagawa, Japan) was used. 

 
4.5. Histological analysis of the ankle joints 

The ankle joints (proximal part) was fixed in buffered 10% formalin (pH 7.4) (Fuji-
film Wako Pure Chemical Corporation, Osaka, Japan) for 17 h, demineralised with 
Kalkitox (FujifilmWako Pure Chemical Co) for 21 days, then embedded in paraffin. Par-
affin blocks were cut into 5-μm sections and HE staining was performed. The submandib-
ular gland was similarly fixed with formalin, embedded, sectioned, and stained with HE. 

 
4.6. Protein identification by LC-MS/MS analysis 

Gel fragment peptides obtained by protease treatment were separated and concen-
trated by reversed-phase high-performance liquid chromatography (EASY-nLC1200, 
Thermo Fisher Scientific K.K., Tokyo, Japan) and detected using a mass spectrometer Q 
Exactive Plus (Thermo Fisher Scientific K.K.). The data were subjected to a database search 
(Mascot search) to identify the proteins. 

 
4.7. Immunohistochemical staining 

Immunohistochemical staining was performed on the serial sections of the mouse 
ankle joints. Information on the antibodies and antigens can be found in Table 1. Paraffin 
sections were deparaffinized, dehydrated, and reacted with hydrogen peroxide solution 
for 10 min. Blocking reagent A (Nichirei Bioscience, Tokyo, Japan) was applied at 37°C for 
1 h, then the primary antibody (Table 1) was reacted at 37°C for 1 h and incubated with 
the sections. Blocking reagent B (Nichirei Bioscience Inc.) and Simple Stain MAX-PO 
(Nichirei Bioscience Inc.) were each reacted for 10 min at room temperature. Finally, the 
cells were permeabilised with Simple Stain Substrate DAB (Fujifilm Wako Pure Chemical 
Industries Co., Ltd.) for 7 min, stained with Mayer's haematoxylin (Muto Pure Chemical 
Industries, Ltd., Tokyo, Japan), and sealed. Using the same technique, mouse submandib-
ular glands were also stained. The specificity of the primary antibodies was shown using 
a negative control. Rabbit IgG was used as the negative control (Abcam). 

 
4.8. Detection of citrullinated proteins 

CCP concentrations in the mouse serum, saliva, and ankle joint were measured by 
ELISA, for which a mouse anti-CCP antibody ELISA kit (CUSABIO BIOTECH, CSB-
EQ027743MO, Wuhan, China) was used. Samples were added to each well (100 μL) using 
a CCP pre-coated plate and incubated at 37°C for 2 h. The addition and incubation of 
biotin conjugates, horseradish peroxidase (HRP)-avidin, and 3,3', 5,5'-tetramethylbenzi-
dine (TMB) substrates were repeated, and the absorbance at 450 nm was measured using 
an automated microplate reader (BioRad, Hercules, CA, USA).  
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4.9. Analysis of citrullinated protein 
Each sample (serum and saliva, and ankle joints of the RA and control groups) was 

loaded into a 15% polyacrylamide gel (Super SepTMAce; LKN6604, Wako Pure Chemi-
cals). The concentration of each protein was measured beforehand and adjusted to 180 μg 
depending on the amount of sample loaded into the gel. The proteins were electrophoret-
ically separated and electrophoresed onto polyvinylidene fluoride membranes (Immobi-
lon, Merck Millipore, ISEQ10100, Frankfurt, Germany). The membranes were blocked 
with 5% skim milk and reacted with CCP primary antibody at 22°C overnight then HRP 
secondary antibody at 22°C for 1 h. Image analysis was performed using a CCD camera 
(LAS3000; Fujifilm, Tokyo, Japan). Information on the antibody and antigen search is 
shown in Table 1. The density of each band was examined using an image analyser (Im-
ageJ, version: ij153-win-java8; NIH, Bethesda, MD, USA). This method was adapted from 
the technique in a previous paper [28]. 

 
4.10. Statistical analysis  

The arthritis scores of the ankle joints were compared using the Wilcoxon signed-
rank test, because the data were not normally distributed based on the Kolmogorov–
Smirnov test. The CCP antibody levels determined by the ELISA method were compared 
using Welch's ANOVA followed by post-hoc tests with the Bonferroni correction, because 
the data followed the normal distribution based on the Kolmogorov–Smirnov test. Statis-
tical significance was set at p<0.05. All statistical analyses were performed using IBM Sta-
tistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). 

 
5. Conclusions 

The purpose of this study was to comprehensively analyze citrullinated proteins in 
saliva by proteomics using a mouse model of rheumatoid arthritis and to clarify the etiol-
ogy of rheumatoid arthritis by histopathological analysis. First, we detected various cit-
rullinated proteins in mouse ankle joints, serum and saliva by proteomics, and identified 
A1AT commonly in serum and saliva and ankle joints of severe RA model mice. Immuno-
histochemical staining with anti-CCP and A1AT antibodies showed strong positive sig-
nals in the ankle synovium of RA model mice. Western blotting detected anti-CCP anti-
body and citrullinated A1AT in blood, saliva, and ankles, and the band intensity was 
stronger in severe RA model mice. A1AT and CCP antibodies were not detected in sali-
vary gland tissue, suggesting that antibodies are not produced in the salivary glands 
themselves, but in the synovial membrane of the ankle. These results suggest that citrul-
linated proteins produced in the ankle synovium are transferred to blood and saliva. This 
suggests that citrullinated A1AT and CCP antibodies may be involved in the development 
of rheumatoid arthritis and the severity of arthritis in model mice. These findings extend 
our current knowledge of rheumatoid arthritis and provide a basis for further research.  
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