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ABSTRACT. Bovine Mycoplasma arthritis (MA) is caused by Mycoplasma bovis and exhibits severe 
clinical symptoms. However, the pathophysiology of bovine MA is incompletely understood. In 
this study, we examined the cytokine mRNA expression of synovial fluid (SF) cells and cytokine 
concentrations in the SF of MA calves. The SF was isolated from five clinically healthy (control) and 
seven MA calves. mRNA and protein levels of interleukin (IL)-1β, IL-6, IL-8, IL-12, and IL-17 in the 
SF from MA calves were significantly higher than those from control calves. Our results indicate 
that SF cells produce inflammatory cytokines, which mainly contribute to the severe inflammatory 
response in the joints of the MA calves.
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Mycoplasma bovis (M. bovis) is a destructive pathogen of beef and dairy cattle worldwide, and causes mastitis, pneumonia, and 
arthritis in cattle [5, 6, 14]. Mycoplasma arthritis (MA) calves exhibit severe clinically symptoms such as lameness and swelling 
of joints [4]. In human infectious arthritis and rheumatoid arthritis, high concentrations of inflammatory cytokines were detected 
in synovial fluid (SF) of affected joints. These cytokines play crucial role in the immune response to eliminate pathogens and 
immunogens from the host [3], but excessive production of inflammatory cytokines induces severe inflammatory reaction and can 
result in tissue destruction [15]. It is known that cytokines can be produced by synovial cells and SF cells in joints [2, 18]. The 
immune reaction of these cells is closely related to pathophysiology of arthritis. We previously reported that excessive immune 
reaction of synovial cells induced the development and progression of MA pathophysiology in calves [16, 17]. However, the 
role of SF cells in the pathophysiology of bovine MA is not fully clarified. In this study, we examined the mRNA expression of 
inflammatory cytokines in SF cells and protein levels of that in SF of MA calves.

We obtained SF sample from the joints (stifle or carpal) of dissected five clinically healthy (control) Holstein calves (1 to 2 
months of age) and seven calves (six Holstein and one Jersey) with chronic spontaneous MA (1 to 4 months of age) from different 
commercial dairy farms between 2017 to 2020. All procedures were performed in accordance with the Guide for the Care and 
Use of Laboratory Animals of the School of Veterinary Medicine at Rakuno Gakuen University. MA calves were diagnosed based 
on the PCR analyses using M. bovis–specific primers, as previously described [10, 16]. We confirmed that no other bacteria were 
detected in SF from control and MA calves using specific primers of Mycoplasma spp. [10] and blood agar plates (Eiken Kagaku, 
Tokyo, Japan) incubated for 24 hr at 37°C. The cells number and percentages of neutrophils, lymphocytes, macrophages, and 
synovial cells in SF were determined as previous described [16]. Total RNA (tRNA) purification and cDNA synthesized of SF 
cells were performed using Total RNA Purification kit (Jena Bioscience, Jena, Germany) and ReverTra Ace reverse transcriptase 
(Toyobo, Osaka, Japan). The primers information is shown in Supplementary Table 1. qRT-PCR analyses were performed as 
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previously described [8]. β-Actin and tryptophan 5-monooxygenase activation protein, zeta polypeptide (YWHAZ) were used 
as housekeeping genes. The protein level of interleukin (IL)-1β (ESS0027: Invitrogen, Carlsbad, CA, USA), IL-6 (ESS0029: 
Invitrogen), IL-8 (D8000C: R&D Systems, Minneapolis, MN, USA), IL-12 (OKEH03774: AVIVA SYSTEMS SCIENCE, 
San Diego, CA, USA), IL-17 (VS0284B-002: Kingfisher Biotech, Saint Paul, MN, USA), and interferon (IFN)-γ (ESS0026B: 
Invitrogen) in the SF was determined using an ELISA kit. The Mann-Whitney U test was used for comparisons between control 
and MA calves data using the statistical analysis program MEPHAS (http://www.gen-info.osaka-u.ac.jp/MEPHAS/). In all cases, a 
P value of <0.05 and <0.01 were considered to indicate a statistically significant difference.

The dissected MA calves showed increases in SF, synovial hyperplasia, and osteolysis in the affected joints (Supplementary Fig. 
1). SF cells of control and MA calves were observed with a light microscope (Supplementary Fig. 2). The cells number of SF from 
MA calves was 1.6 × 107 cells/ml which showed 45-fold increase compared to that from control calves (3.6 × 105 cells/ml). The 
proportion of neutrophils in SF of MA calves was significantly higher (P<0.01); that of lymphocytes, macrophages, and synovial 
cells were significantly lower than (P<0.05) those of control calves (Table 1). The copy number (target/housekeeping) of IL-1β, 
IL-8, and IL-12 mRNA in SF cells from MA calves were significantly higher (IL-1β: P<0.05; IL-8 and IL-12: P<0.01) than those 
of control calves (Fig. 1A). The copy number of IL-6 and IL-17 mRNA in SF cells from MA calves were tended to be higher than 
those of control calves. The mean IL-1β, IL-6, IL-12, and IL-17 concentration in SF of MA calves were 358.8 ± 180.3 pg/ml, 57.7 
± 8.3 ng/ml, 11.8 ± 3.3 ng/ml, and 110.4 ± 68.8 pg/ml which were significantly higher (IL-1β and IL-12: P<0.05; IL-6 and IL-17: 
P<0.01) than those from control calves (did not detect) (Fig. 1B). The mean IL-8 concentration in SF of MA calves was 36.2 ± 
34.2 pg/ml, and, which was slightly higher than those of control calves (did not detect). IFN-γ was not detected in SF of control 
and MA calves.

All MA calves exhibited increases in SF, synovial hyperplasia, and osteolysis in the affected joint, which were consistent with 
previous reports [6, 13]. The proportion of lymphocytes and macrophages in SF of MA calves were decreased compared to control 
calves, but the cells number of SF from MA calves was markedly increased. This data shows that the number of lymphocytes 
and macrophages in SF of MA calves were increased. It has been reported that lymphocytes, monocytes, and neutrophils promote 
excessive immune reaction of synovial cells [2, 16]. Our data suggests that the interaction between these cells and synovial cells 
are related to pathology of MA.

Protein levels of IL-1β, IL-6, IL-8, IL-12, and IL-17 in SF of MA calves were higher than those of control calves. IL-1β, IL-8, 
and IL-12 mRNA expression in SF cells from MA calves were significantly higher than those of control calves, and IL-6 and IL-17 
were tended to be higher. We have already reported that synovial cells infected with M. bovis showed increasing in IL-1β, IL-6, 
IL-8, and IL-17 mRNA expression [16]. These findings indicated that not only synovial cells but also lymphocytes, macrophages, 
and neutrophils in SF also produce these inflammatory cytokines in joints. IL-1β induce the production of cartilage degradation 
enzymes e.g., matrix metalloproteinases (MMPs) in synovial cells [11, 17]. IL-6 activate osteoclast that destructs bone in joints 
[19]. Thus, IL-1β and IL-6 are key factors of cartilage and bone destruction in joints of arthritis. IL-8 and IL-17 are important 
mediator causing migration of neutrophils to joints [1, 7]. Our data indicated that SF cells produced inflammatory cytokines 
which played the key role of progression of pathology in MA calves. The pathological mechanism in MA is shown as schematic 
summarizing (Fig. 2).

Interestingly, high concentration IL-12 was detected, but IFN-γ was not detected in SF of MA calves. IFN-γ is induced by 
IL-12 stimulation that can promote Th1 responses to eliminate the pathogens [12]. It has been reported that M. bovis reduce the 
IFN-γ production via induction of program death-1 molecule in mononuclear cells to escape from host immunity [9]. We speculate 
that M. bovis might reduce the production of IFN-γ in SF cells nevertheless stimulated with IL-12, thereby M. bovis cannot be 
eliminated from the joint of calves.

In conclusion, inflammatory cytokines mRNA and protein levels in SF from MA calves were markedly higher than those of 
control calves. SF cells produced inflammatory cytokines which were closely related to progression of pathophysiology in MA 
calves.
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Table 1. The percentage of different cell types in synovial fluid from control and Mycoplasma arthritis calves

Neutrophil (%) Lymphocyte (%) Macrophage (%) Synovial cells (%)
Control (n=5) 4.2 ± 2.0 17.6 ± 3.6 35.6 ± 10.3 42.8 ± 0.8
Mycopalsma arthritis (n=7) 89.2 ± 3.4a) 3.2 ± 1.4b) 6.2 ± 2.0b) 1.3 ± 0.8b)

a: P<0.01, b: P<0.05, compared to control calves.
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Fig. 1. (A) mRNA expression of inflammatory cytokines in synovial fluid (SF) cells isolated from control and Mycoplasma arthritis 
(MA) calves. The level of mRNA expression of interleukin (IL)-1β, IL-6, IL-8, IL-12, IL-17, and interferon (IFN)-γ in SF cells from 
MA calves is shown as copy numbers relative to housekeeping genes. The mean values of each cytokines are expressed as gray bar. 
Data are expressed for control (n=5) and MA calves (n=7). **P<0.01; *P<0.05. (B) Protein concentration of inflammatory cytokines 
in SF of control and MA calves. Protein level of IL-1β, IL-6, IL-8, IL-12, IL-17, and IFN-γ in SF from control (n=5) and MA calves 
(n=7) is shown as mean ± SE. **P<0.01; *P<0.05.
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Fig. 2. The schematic summarizing of pathological mechanism in Mycoplasma arthritis. Synovial cells and synovial fluid (SF) 
cells produce inflammatory cytokines which are related to progression of pathology in joints.

http://www.ncbi.nlm.nih.gov/pubmed/30109481?dopt=Abstract
http://dx.doi.org/10.1007/s12016-018-8702-3
http://www.ncbi.nlm.nih.gov/pubmed/28649674?dopt=Abstract
http://dx.doi.org/10.1126/sciimmunol.aag3358
http://www.ncbi.nlm.nih.gov/pubmed/20176265?dopt=Abstract
http://dx.doi.org/10.1016/j.jaci.2009.12.980
http://www.ncbi.nlm.nih.gov/pubmed/24534665?dopt=Abstract
http://dx.doi.org/10.1016/j.cvfa.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/22664205?dopt=Abstract
http://dx.doi.org/10.1016/j.cvfa.2012.03.007
http://www.ncbi.nlm.nih.gov/pubmed/16566255?dopt=Abstract
http://dx.doi.org/10.1177/104063870601800105
http://www.ncbi.nlm.nih.gov/pubmed/10760391?dopt=Abstract
http://dx.doi.org/10.1016/S0165-2427(00)00162-8
http://www.ncbi.nlm.nih.gov/pubmed/25800221?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2015.03.002
http://www.ncbi.nlm.nih.gov/pubmed/28544524?dopt=Abstract
http://dx.doi.org/10.1002/iid3.173
http://www.ncbi.nlm.nih.gov/pubmed/21586880?dopt=Abstract
http://dx.doi.org/10.4142/jvs.2011.12.2.191
http://www.ncbi.nlm.nih.gov/pubmed/15464974?dopt=Abstract
http://dx.doi.org/10.1016/j.bbrc.2004.09.011
http://www.ncbi.nlm.nih.gov/pubmed/9379000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/28389347?dopt=Abstract
http://dx.doi.org/10.1016/j.micpath.2017.04.003


INFLAMMATORY CYTOKINE LEVELS IN SF

J. Vet. Med. Sci. 83(1): 35

cattle. J. Vet. Intern. Med. 25: 772–783. [Medline]  [CrossRef]
 15. Medzhitov, R. 2008. Origin and physiological roles of inflammation. Nature 454: 428–435. [Medline]  [CrossRef]
 16. Nishi, K., Gondaira, S., Okamoto, M., Watanabe, R., Hirano, Y., Fujiki, J., Iwano, H. and Higuchi, H. 2020. Mycoplasma bovis induces matrix 

metalloproteinase-3 expression in bovine synovial cells via up-regulation of interleukin-1β expression in mononuclear cells. Vet. Immunol. 
Immunopathol. 227: 110057. [Medline]  [CrossRef]

 17. Nishi, K., Gondaira, S., Okamoto, M., Nebu, T., Koiwa, M., Ohtsuka, H., Murai, K., Matsuda, K., Fujiki, J., Iwano, H., Nagahata, H. and Higuchi, 
H. 2019. Effect of Mycoplasma bovis on expression of inflammatory cytokines and matrix metalloproteinases mRNA in bovine synovial cells. Vet. 
Immunol. Immunopathol. 216: 109920. [Medline]  [CrossRef]

 18. Scian, R., Barrionuevo, P., Giambartolomei, G. H., De Simone, E. A., Vanzulli, S. I., Fossati, C. A., Baldi, P. C. and Delpino, M. V. 2011. 
Potential role of fibroblast-like synoviocytes in joint damage induced by Brucella abortus infection through production and induction of matrix 
metalloproteinases. Infect. Immun. 79: 3619–3632. [Medline]  [CrossRef]

 19. Srirangan, S. and Choy, E. H. 2010. The role of interleukin 6 in the pathophysiology of rheumatoid arthritis. Ther. Adv. Musculoskelet. Dis. 2: 
247–256. [Medline]  [CrossRef]

31–35, 2021

http://www.ncbi.nlm.nih.gov/pubmed/21745245?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2011.0750.x
http://www.ncbi.nlm.nih.gov/pubmed/18650913?dopt=Abstract
http://dx.doi.org/10.1038/nature07201
http://www.ncbi.nlm.nih.gov/pubmed/32554268?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2020.110057
http://www.ncbi.nlm.nih.gov/pubmed/31446205?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2019.109920
http://www.ncbi.nlm.nih.gov/pubmed/21730088?dopt=Abstract
http://dx.doi.org/10.1128/IAI.05408-11
http://www.ncbi.nlm.nih.gov/pubmed/22870451?dopt=Abstract
http://dx.doi.org/10.1177/1759720X10378372

