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Analysis of Accumulating Clonotypes of T Cell in Joints of a 
Spontaneous Murine Model of Rheumatoid Arthritis 
 
 
Wenming Zhao1, 3, Liping Zhang1, Yukage Kobari2, Yoshikata Misaki2 and Kazuhiko Yamamoto2 

 
SKG mouse, as a model of spontaneous rheumatoid arthritis (RA) bred recent years, is similar to the patients 
with RA. We analyzed the clonotypes of T cell infiltrating into joints of SKG mice in initial stage and late stage 
of RA by using reverse transcriptase-polymerase chain reaction (RT-PCR) and subsequent single-strand 
conformation polymorphism (SSCP). The results indicated that the percentages of clonotypes TCR Vβ2 and 
Vβ8.2 of T cell clonotypes increased obviously to 72.3% and 60.2%, respectively. Mice number with identical 
TCR Vβ2 and Vβ8.2 clonotypes also clearly increased in late stage of disease to 100% and 75%, respectively. 
These results mean that T cells with TCR Vβ2 and Vβ8.2 clonotypes probably play an important role in RA 
progression of SKG mouse. Sequencing of the extracted DNA verified that common bands on SSCP gel were 
derived from the same T cell clones among samples from different joints. The results we obtained implied that 
RT-PCR/SSCP method was a sensitive and credible method for analyzing T cell clonotypes. When the T cells of 
SKG mouse were adoptively transferred to a nude mouse, it was verified that the T cells infiltrated in joints 
were related to morbid formation of RA. Cellular & Molecular Immunology. 2004;1(4):300-303. 
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Introduction 
 
Rheumatoid Arthritis (RA) is a chronic inflammatory 
autoimmune disease characterized by destructive multiple 
arthritis (1). T cells have been proposed to play an 
important role in the disease initiation and progression (2, 
3). Major pathological changes of RA are located in joints, 
where T cells infiltrated (4, 5). Therefore, analysis of T cell 
clonotypes accumulated in joints is vital for exploring the 
influence of T cells upon the morbid form of RA. 

Sakaguchi made a murine model of spontaneous RA 
called as SKG mouse (Sakaguchi mouse) (6), which was 
bred by repeated hybridization of brothers and sisters of 
BALB/c mice with swollen joints. It was reported that RA 
of SKG mouse was similar to human RA. It is a fine 
animal model for the study of RA. On the basis of this, we 
selected SKG mouse to investigate T cell clonality during 
the disease course. 

For studying the relationship between T cells and the 
disease in vivo, Yamamoto established RT-PCR/SSCP 

method for measurement of T cell clonotypes, that is the 
combination of reverse transcriptase-polymerase chain 
reaction (RT-PCR) with subfamily-specific TCR Vβ primers 
and single-strand conformation of polymorphism (SSCP) 
(7, 8), according to the different V regions of T cell 
receptor (TCR) (9). This method has been used to analyze  
T cell clonotypes of many animal models and human 
diseases (10-14). This investigation analyzed the clonality 
of T cells accumulated in joints of SKG mice. 
 
Materials and Methods 
 
Mice 
SKG mice (male and female) were purchased from Tokyo 
Metropolian Institute of Gerontology, which were 
maintained under specific pathogen-free conditions in the 
animal facility of the University of Tokyo, School of 
Medicine. 
 
RT-PCR/SSCP 
Samples were prepared from joint tissues of SKG mice. 
The RT-PCR/SSCP analysis was performed roughly as 
previously described (11). Total RNA was converted to 
first-strand cDNA with reverse transcriptase and random 
hexamer oligonucleotides (100 pmol, BRL) at 42˚C for 2-3 
h. The cDNA was mixed with each primer set (a Vβ sense 
primer and a Cβ anti-sense primer), according to the 
previously described sequences (15). PCR was performed 
with dNTP and Taq DNA polymerase (Promega, Co. 
Madison, WI) for 35 cycles (94˚C for 1.5 min, 54˚C for 2 
min, 72˚C for 3 min). The amplified DNA was diluted with 
a denaturing solution (95% formamide, 10 mM EDTA, 
0.1% bromophenol blue, 0.1% xylencynol) and for heat 
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denatured at 90˚C for 2 min and electrophoresed on 
non-denaturing 4% polyacrylamide gels containing 10% 
glycerol. After electrophoresis, the DNA was transferred 
onto Immobilon-S (Millopore Intertech, Bedford, MA) and 
then hybridized with a biotinylated internal common Cβ 
oligonucleotide probe: 5’-A(A, C)A A(G, C)G TGT TCC 
CAC CCG AGG TCG CTG TGT T-3’. The DNA was then 
visualized with streptoavidin, biotinlated alkaline phosphatase 
and a chemiluminescent substrate system (NE Blot 
Phototype detection kit, New England Biolabs, Berely, 
MA). The number of T cell clonotypes accumulated in 
joints was determined through clear bands detected from 
the background smear.  
 
DNA sequencing 
For DNA sequencing of PCR products on SSCP gel, a 

small area of the dried SSCP gel corresponding to the 
position of bands was cut out. The gel piece was immersed 
in 50 µl of TE.1 (10 mM Tris-HCL, 0.1 mM EDTA) in a 
micro-centrifuge tube and heated at 80˚C for 20 min. The 
extracted DNA was amplified by PCR with Vβ and Cβ 
primers, and cloned into a plasmid (pCR 2.1, Inritrogan, 
USA). The extracted DNA was determined by a cycle 
sequencing method using an automated DNA sequencer 
(373A Applied Biosystems, Foster City, CA). 
 
T cell transformation 
For investigating the pathogenicity of T cell clonotypes 
accumulated in joints, spleens were removed aseptically 
from SKG mice. Single-cell suspensions were prepared by 
teasing apart the spleens in HBSS and pushing them 
through in metal sieve with a syringe barrel. After washing 
with HBSS, splenic cells (1×106 cells/ml) were cultured in 
RPMI-1640 medium supplemented with 10% FCS in the 
presence of concanavalin A (ConA 10µg/ml, Sigma 
Chemical Co., St. Louis, MO). Three days later, a nude 
mouse was injected by tail vein with 0.5 ml and abdominal 
cavity with 0.5ml of the cells (5×107 cells/ml) stimulated 
with ConA. After the nude mouse showed the symptoms of 
arthritis, analysis and comparison of T cell clonality 
accumulated in SKG murine joints with that of nude mouse 
were made by RP-PCR/SSCP method. 
 
Results 
 
Comparison of rate of identical T cell clonotypes in joints 
of SKG mice 
To investigate identical T cell clonotypes of foot joints of 
SKG mice in initial and late stages of RA, 3 months SKG 
mice were study targets of the disease in initial stage and 
11 months SKG mice for late stage. The T cell clonotypes 
accumulated in four foot joints were compared in 3 months 
and 11 months mice (Figure 1). 

The results showed that the identical rates of Vβ2 and 
Vβ8.2 clonotypes were 72.3% and 60.2% respectively in 
late stage of disease, and identical rates increased remarkably 
in late stage compared to that in initial stage. Comparison 
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Figure 1. Identical clonotypes comparison of T cells accumulated in four joints of SKG mice at initial stage with late stage of RA. 
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Figure 2. Accumulation of T cell clonotypes in four-foot joints of 
SKG mice in initial and late stages of RA analyzed by SSCP.
Lane 1, right front foot; lane 2, left front foot; lane 3, right rear 
foot; lane 4, left rear foot. 
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of T cell clonotypes in the four feet at the early and late of 
arthritis was showed in Figure 2.  

In addition, the number of mice with identical Vβ2 and 
Vβ8.2 clonotypes was as high as 100% and 75% 
respectively. Although only two mice with identical Vβ8.2 
clonotypes were in initial stage, all four mice with identical 
clonotypes were in late stage. 
 
Sequence analysis of common clonotypes of murine four 
foot joints on SSCP gel 
To verify if these common DNA bands on SSCP gel 
represent the same TCRβ chain sequence, DNA sequence 
was carried out. Four Common Vβ bands on SSCP gel 
from four foot joints of 11 months SKG mice were 
determined by DNA sequence. This result showed that 
DNA sequence of four bands was identical. It suggested 
that the bands with the same mobility were derived from 
the same T cell clones. 
 
Analysis of the relationship between common T cell 
clonotypes and the disease progression 
In order to investigate the pathological significance of the 
common clonotypes in four feet, we conducted an adoptive 
transfer experiment. The splencytes derived from two 4 
months SKG mice were cultured for 3 days and were 
supplemented with ConA, then 1 ml of cells (5×107 
cells/ml) were transferred into a nude mouse. Once the 
nude mouse showed swelling, a clonotypes analysis was 
made. This result revealed that there were some common 
clones in four foot joints of SKG mice and the nude mouse 
(for example Vβ8.1 and Vβ11, Figure 3). 
 
Discussion 
 
It has been demonstrated that T cells expand clonally in the 
synovium as well as the synovial fluid of RA patients 
(16-20). RA animal model similar with human RA is an 
important means for study of pathogenesis and patho- 
logical change of RA. SKG mouse is an animal model of 
spontaneous RA. There was a symmetrical swelling in both 
side joints and a chronic progression in two months SKG 
mouse. CD4+ T cell infiltration was found under synovial 
membrane by immuno-staining. Pathological changes 
besides joints were interstitial pneumonia, lymph nodules 
and dermatitis. There was joint rigidity in many SKG mice 

over 6 months old. RA of the SKG mouse is similar to 
human RA. We consider that it is fit for studying T cell 
actions in initial and late stage of RA. 

The method of RT-PCR/SSCP can be used to analyze T 
cell clonotypes even certain antigen is unknown. So it is 
very useful for the research on T cell clonotypes infiltrated 
into joints because the antigen caused it has not been found 
out. In this study, DNA sequence proved that common 
bands with same mobility on SSCP gel were identical T 
cell clones. In order to learn if the identical T cell clones 
accumulated in four foot joints of SKG mice were the same 
clones in four foot joints of nude mice, we chose Vβ8.1 
and Vβ11 in four foot joints of SKG mice, which were 
clear bands in SSCP, to make an analysis with the samples 
of nude mice. T cell transformation showed that T cell 
clonotypes accumulated in joints of two kinds of mice were 
identical. It implied the T cell clones were correlated with 
RA. The identical clones might recognize certain common 
antigens that are involved in the pathogenesis of RA. These 
results suggested RT-PCR/SSCP method was sensitive and 
reliable method for investigating T cell clonotypes in vivo 
and in vitro.  

This study showed that identical rate of Vβ2 and Vβ 
8.2 clonotypes was higher in the late stage than in early 
stage of the disease, and the mice number with identical 
Vβ2 and Vβ8.2 clonotypes were also high. For this reason, 
it was considered that Vβ2 and Vβ8.2 clonotypes might 
play an important role in occurrence and development of 
RA. 

The research indicated that many of the clones were 
common to all four foot joints of RA mice in the late stage 
of the disease, which was coincident with the result of 
Yukage Kobari. They found that accumulation of T cell 
clonality among joints in the early stage would become 
clonal restricted along with the disease progression (21). 

Taken together, analysis of T cell clonotypes in the 
disease can not only learn the relationship between T cells 
and the disease but also imply that T cell clonotypes could 
be used as a treatment target. 
 
References 
 

1. Harris ED Jr. Rheumatoid pathophysiology and implications 
for therapy. N Eng J Med. 1990;322:1277-1289. 

2. Yocum DE. T cells: pathogenic cells and therapeutic targets in 
rheumatoid arthritis. Semin. Arthritis Rheum. 1999;29:27-35. 

3. Toyosaki T, Tsuruta Y, Matsutani T, et al. Presence of 
rheumatoid arthritis (RA) synovial autoantigen recognized by 
T cell in RA joints. Japan J Rheumatology. 1999;9:313-324. 

4. Nakao H, Eguchi K, Nagataki S. Phenotypic characterization 
of lymphocytes infiltrating synovial tissue from patients with 
rheumatoid arthritis: analysis of lymphocytes isolated from 
minced synovial tissue by dual immunofluorescent staining. J 
Rheumatol. 1990;17:142-148. 

5. Cush JJ, Lipsky PE. Cellualr bias for rheumatoid 
inflammation. Clin Orthop. 1991;265:9-22. 

6. Sakaguchi N, Sakaguchi S. A mouse model of rheumatoid 
arthritis. Bio Clinica. 1999;14:21-27. 

7. Yamamoto K, Sakada H, Nakajima T, et al. Accumulation of 
multiple T cell clonotypes on the synovial lesions of patients 
with rheumatoid arthiritis revealed by a novel T cell clonality 
analysis. Int Immunol. 1992;4:1219-1223. 

8. Yamamoto K, Masuko-Hongo K, Tanaka A, et al. 

SKG1 SKG2 nude mouse 
1 2 3 4 1 2 3 4 1 2 3 4

Vβ8.1

Vβ11

 
Figure 3. Identical T cell clonotypes in foot joints of SKG mice 
and a nude mouse. Lane 1, right front foot; lane 2, left front foot; 
lane 3, right rear foot; lane 4, left rear foot. 
 
 
 
 



Cellular & Molecular Immunology                                                                               303 

Volume 1  Number 4  August 2004 

Establishment and application of a novel T cell clonality 
analysis using single-strand sonformation polymorphism of T 
cell receptor messenger signals. Hum Immunol. 1996;48:23- 
31. 

9. Masuko K, Kato T, Suzuki S, et al. Frequent clonal expansion 
of peripheral T cells in patients with autoimmune diseases: a 
novel detecting system possibly applicable to laboratory 
examination. J Clin Lab Anal. 1998;12:162-167. 

10. Masuko K, Kato T, Ikeda Y, et al. Dynamic changes of 
accumulated T cell clonotypes during antigenic stimulation in 
vivo and in vitro. Int Immunol. 1994;6:1959-1966. 

11. Okubo M, Kurokawa M, Ohto H, et al. Clonotype analysis of 
the peripheral blood T cells and the autoantigen-reactive T 
cells from patients with mixed connective tissue disease. J 
Immunol. 1994;153:3784-3790. 

12. Dohi M, Yamamoto K, Masuko K, et al. Accumulation of 
multiple T cell clonotypes in lungs of healthy individuals and 
patients with pulmonary sarcoidosis. J Immunol. 1994;152: 
1983-1988. 

13. Yamamoto K, Ikeda Y, Masuko K, et al. High frequencies of 
identical T cell clonotypes accumulating in different areas of 
synovial lesions of rheumatoid arthritis patients. Ann N Y 
Acad Sci. 1995;756:208-210. 

14. Hoger TA, Jacobson S, Kawanishi T, et al. Accumulation of 
human T lymphotropic virus (HTLV)-1-specific T cell clones 

in HTLV-1-associated myelopathy/tropical spastic paraparesis 
patients. J Immunol. 1997;159:2042-2048. 

15. Yamamoto K, Masuko K, Takahashi S, et al. Accumulation of 
distict T cell clonotypes in human solid tumors. J Immunol. 
1995;154:1804-1809. 

16. Stamenkovic I, Stegagno M, Wright KA, et al. Clonal 
dominance among T lymphocyte infiltrates in arthritis. Proc 
Natl Acad Sci U S A. 1988;85:1179-1183. 

17. Paliard X, West SG, Latterty JA, et al. Evidence for the effects 
of a superantigen in rheumatoid arthritis. Science. 1991;253: 
325-329. 

18. Struyk L, Hawes GE, Chatila MK, et al. T cell receptors in 
rheumatoid arthritis. Arthritis Rheum. 1995;38:577-589. 

19. Gonzalez-Quintial R, Baccala R, Pope RM, et al. Identification 
of clonally expanded T cells in rheumatoid arthritis using a 
sequence enrichment nuclease assay. J Clin Invest. 1996;97: 
1335-1343. 

20. Ikeda Y, Masuko K, Nakai K, et al. High frequencies of identical 
T cell clonotypes in synovial tissues of rheumatoid arthritis 
patients suggest the occurrence of common antigen-driven 
immune responses. Artiritis Rheum. 1996;39:446-453. 

21. Kobari Y, Misaki Y, Setoguchi K, et al. T cells accumulating 
in the inflamed joints of a spontaneous murine model of 
rheumatoid arthritis become restricted to common clonotypes 
during disease progression. Int Immunol. 2004;16:131-138. 

 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


