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研究成果の概要（和文）：関節リウマチ（RA)患者，変形性関節症患者，および関節外に生じた骨肉腫患者を対
象とし，患者背景，遺伝子発現，組織学的所見について検討した．connexin 43(Cx43)がヒトRA滑膜表層組織で
変形性関節症と比較して高発現していた．また，炎症性サイトカインの発現が高いほど，Cx43の発現も高かっ
た．さらにRAに対する生物学的製剤，ステロイド剤，メトトレキサートなどの薬物療法の種類に関わらずCx43は
RA滑膜組織で高発現していることを明らかにした．以上から，Cx43は，薬物療法で著効しないRAの単関節におけ
る滑膜炎に対する新たな治療標的となる可能性がある．

研究成果の概要（英文）：The expression of connexin 43 (Cx43) in synovial tissue from eight patients 
with RA , five patients with osteoarthritis, and one normal female subject was analyzed by 
quantitative reverse transcriptase polymerase chain reaction and immunohistochemistry of tissue 
sections.  This study shows that Cx43 is expressed in RA synovial tissue and that its expression is 
induced by stimulation with TNF-a. The expression of the pro-inflammatory cytokines was inhibited by
 transfection of siCx43. Cx43 may be a novel marker of inflammation in RA synovial tissue.

研究分野：関節リウマチ，手・末梢神経外科，軟骨代謝学

キーワード： 細胞間結合装置　ギャップ結合　コネキシン

  １版



様	 式	 Ｃ－１９、Ｆ－１９－１、Ｚ－１９、ＣＫ－１９（共通）	

１．研究開始当初の背景 
	 関節リウマチ（rheumatoid arthritis: RA と
略）は，難治性の関節疾患であり，滑膜炎と骨
破壊を生じる．RA では複数の炎症性サイトカ
インの発現が病態において重要な役割を担っ
ており，炎症性サイトカインを標的とした生
物学的製剤が，治療として広く用いられてい
る．しかし，生物学的製剤には，重篤な感染
症，高額な医療費および中和抗体の出現など
の問題がある．このため，従来とは異なる機
序でも，RA を制御できる新たな治療薬の開発
が切望されている．一方，ギャップ結合は，膜
貫通型の細胞間結合装置の一つで，connexin
（Cx と略）とよばれるタンパクの多量体によ
り形成されている．その中心孔をカルシウム
イオンやセカンドメッセンジャーなどが通過
することで，隣接する細胞に情報が伝達され
る．ヒト Cx のアイソフォームは 21 種類あり，
その中でも Cx43 が滑膜組織で高発現してい
る．近年，Cx43 はさまざまな組織で免疫応答
を調整していることや，Cx43 の発現阻害が炎
症反応を抑制できることが明らかにされてき
た．これらの報告は，滑膜における Cx43 の
発現が RA の病態に関与している可能性を示
している． 
 
 
２．研究の目的 
本研究の目的は，ヒト RA 滑膜組織における
Cx43 の発現を明らかにすることである． 
 
 
３．研究の方法 
対象は， RA 患者 8 例，変形性関節症
（osteoarthritis:	OA と略）患者 5 例，およ
び関節外に生じた骨肉腫患者 1 例とした．そ
れぞれ RA 群，OA 群，および normal 群とし，
患者背景を調査した．手術時に採取した滑膜
組織における Cx43 および TNF-αの遺伝子発
現を解析し，Cx43 の免疫染色で組織学的に検
討した．		
	
	
４．研究成果	
RA 群における Cx43 の遺伝子発現は，OA 群，
normal 群と比較して明らかに高く，TNF-αの
遺伝子発現が高い滑膜組織ほど Cx43 の発現
も高かった．(図１	a,b)	
図１	

	
RA 群におけるすべての滑膜組織で，滑膜細胞
は増殖し，炎症性細胞は浸潤していたが，OA
群および normal 群で炎症性細胞をほとんど
認めなかった．Cx43 に対する染色性は，RA 群
の滑膜表層細胞で高かったが，OA 群および
normal 群の滑膜組織において，Cx43 抗体で染
色された細胞はほとんどなかった．(図２)	
図２	

a,c,e	RA 滑膜組織（HE 染色）	
b,d,f	RA 滑膜組織（免疫染色	Cx43）	
g					OA 滑膜組織（HE 染色）	
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bovine serum. Twelve hours later, cells were 
transfected with 80 nM siRNA using RNAiFect 
(Qiagen) reagent according to the manufacturer’s 
instructions, and then incubated for 12 hours 
under an atmosphere of 5% CO2. Cells were 
washed twice with cold PBS, and then total RNA 
was isolated with Sepasol-RNA super II reagent. 
Real-time RT-PCR was performed in triplicate to 
analyze the expression of Cx43, TNF-a, and IL-6.

Twenty-four hours after treatment with TNF-a, 
the culture supernatant was harvested, and the 
concentrations of TNF-a and IL-6 were measured 
using ELISA kits for human TNF-a and IL-6 
(Gibco BRL, Island, NY, USA). The concentration 
of these molecules in the supernatant was 
normalized relative to the total number of cells. 
The determinations were performed in duplicate 
for each cell culture preparation.

Statistical analysis

All data are presented as the mean ± standard 
deviation. Statistical analysis was performed 
among four groups (no treatment; TNF-a (-), 

RASFs stimulated with TNF-a; TNF-a (+), 
RASFs stimulated with TNF-a and transfected 
with siNeg; TNF-a (+) + siNeg, and RASFs 
stimulated with TNF-a and transfected with 
siCx43; TNF-a (+) + siCx43) in Figure 3, to 
compare between TNF-a (-) and TNF-a (+), 
TNF-a (-) and TNF-a (+) + siNeg, TNF-a (-) and 
TNF-a (+) + siCx43, TNF-a (+) and TNF-a (+) 
+ siNeg, TNF-a (+) and TNF-a (+) + siCx43, 
TNF-a (+) + siNeg and TNF-a (+) + siCx43. 
Analyses were performed using the GraphPad 
Prism version 6.0 (GraphPad Software, San 
Diego, CA). At first, homogeneity of variance 
was tested using the Bartlett’s test, and an 
alpha criterion level of p<0.01 was set for 
all statistical significance. We used one-way 
analysis of variance test for equality of means 
among four groups for parametric statics. Then, 
Tukey-Kramer multiple comparison test was 
used for post hoc testing. P values less than 
0.01 were considered statistically significant.
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Figure 1. Quantitative reverse transcriptase polymerase chain reaction analysis of 
the expression of Cx43 and TNF-a in synovial tissue from eight patients with RA, 
five patients with OA, and a normal control subject. GAPDH was used as an internal 
control for Cx43 and TNF-a. (a) Cx43 mRNA was strongly expressed in RA synovial 
tissue. In OA synovia, Cx43 expression was low. (b) TNF-a mRNA was expressed in 
the same pattern as that of Cx43. Normal synovial tissue showed little Cx43 or TNF-a 
mRNA expression. Cx43: Connexin 43; TNF-a: Tumor necrosis factor-alpha; RA: Rheumatoid arthritis; 
OA: Osteoarthritis; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; mRNA: Messenger ribonucleic acid.
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RESULTS

In the pathogenesis of RA, TNF-a is an essential 
mediator of inflammation. To examine a 
potential link between Cx43 expression and 
RA inflammatory activity, mRNA for Cx43 and 
TNF-a were analyzed by quantitative RT-PCR in 
normal synovial tissue and in synovial tissue from 
RA and OA patients (Figure 1). Cx43 was strongly 
expressed in RA patients (Figure 1a). TNF-a 
expression was also up-regulated in synovial 
tissue from these patients (Figure 1b).

In contrast, in OA synovia, expression of Cx43 
and TNF-a mRNA was low. Expression of Cx43 
or TNF-a was hardly detected in normal synovial 
tissue. These observations suggest that Cx43 
expression may accompany synovial inflammation 
caused by TNF-a.

To examine the expression of Cx43 protein 
in synovial tissue from RA and OA patients, 
we performed immunohistochemistry. Cx43 
expression was seen in synovial tissue cells in 
the superficial and sublining layers of all RA 
patient samples examined (Figure 2), except for 
patient RA7, in which the expression of Cx43 
and TNF-a, as determined by RT-PCR, was 
low of RA patients (Figure 1). Hematoxylin and 
eosin staining of synovial tissue from patient 
RA7 revealed fibrosis and little infiltration of 
inflammatory cells into synovial tissue. Synovial 
tissue from the other RA patients showed 
vigorous proliferation of synovial cells and 
infiltration of inflammatory cells, typical of the 
histopathological changes of RA. In synovial 
tissue from OA patients, hematoxylin and eosin 
staining revealed little hyperplasia or infiltration 

Figure 2. Hematoxylin-eosin staining and immunological staining for Cx43 in synovial tissue from RA patients RA1 (a, 
b), RA3 (c, d), and RA7 (e, f) and from OA patients OA9 (g, h) and OA10 (i, j). For each pair of images, H-E staining 
is shown on the left and immunological staining for Cx43 on the right. (a-d) Synovial tissue from RA patients RA1 and 
RA3 showed hyperplasia of the synovial tissue and infiltration of inflammatory cells, as demonstrated by H-E staining. 
Immunological staining for Cx43 revealed Cx43 expression in the superficial and sublining layers. (e, f) Synovial tissue 
from patient RA7 showed fibrosis, but little infiltration of inflammatory cells, indicating remission of inflammation, 
as demonstrated by H-E staining. Immunological staining for Cx43 revealed low levels of Cx43 expression. (g-j) 
Synovial tissue from OA patients, OA9 and OA10, showed little hyperplasia of the superficial and sublining layers, as 
demonstrated by H-E staining. (Original magnification x200). H-E: Hematoxylin & eosin; Cx43: Connexin 43; RA: Rheumatoid arthritis; 
OA: Osteoarthritis.
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bovine serum. Twelve hours later, cells were 
transfected with 80 nM siRNA using RNAiFect 
(Qiagen) reagent according to the manufacturer’s 
instructions, and then incubated for 12 hours 
under an atmosphere of 5% CO2. Cells were 
washed twice with cold PBS, and then total RNA 
was isolated with Sepasol-RNA super II reagent. 
Real-time RT-PCR was performed in triplicate to 
analyze the expression of Cx43, TNF-a, and IL-6.

Twenty-four hours after treatment with TNF-a, 
the culture supernatant was harvested, and the 
concentrations of TNF-a and IL-6 were measured 
using ELISA kits for human TNF-a and IL-6 
(Gibco BRL, Island, NY, USA). The concentration 
of these molecules in the supernatant was 
normalized relative to the total number of cells. 
The determinations were performed in duplicate 
for each cell culture preparation.

Statistical analysis

All data are presented as the mean ± standard 
deviation. Statistical analysis was performed 
among four groups (no treatment; TNF-a (-), 

RASFs stimulated with TNF-a; TNF-a (+), 
RASFs stimulated with TNF-a and transfected 
with siNeg; TNF-a (+) + siNeg, and RASFs 
stimulated with TNF-a and transfected with 
siCx43; TNF-a (+) + siCx43) in Figure 3, to 
compare between TNF-a (-) and TNF-a (+), 
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TNF-a (+) + siCx43, TNF-a (+) and TNF-a (+) 
+ siNeg, TNF-a (+) and TNF-a (+) + siCx43, 
TNF-a (+) + siNeg and TNF-a (+) + siCx43. 
Analyses were performed using the GraphPad 
Prism version 6.0 (GraphPad Software, San 
Diego, CA). At first, homogeneity of variance 
was tested using the Bartlett’s test, and an 
alpha criterion level of p<0.01 was set for 
all statistical significance. We used one-way 
analysis of variance test for equality of means 
among four groups for parametric statics. Then, 
Tukey-Kramer multiple comparison test was 
used for post hoc testing. P values less than 
0.01 were considered statistically significant.
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Figure 1. Quantitative reverse transcriptase polymerase chain reaction analysis of 
the expression of Cx43 and TNF-a in synovial tissue from eight patients with RA, 
five patients with OA, and a normal control subject. GAPDH was used as an internal 
control for Cx43 and TNF-a. (a) Cx43 mRNA was strongly expressed in RA synovial 
tissue. In OA synovia, Cx43 expression was low. (b) TNF-a mRNA was expressed in 
the same pattern as that of Cx43. Normal synovial tissue showed little Cx43 or TNF-a 
mRNA expression. Cx43: Connexin 43; TNF-a: Tumor necrosis factor-alpha; RA: Rheumatoid arthritis; 
OA: Osteoarthritis; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; mRNA: Messenger ribonucleic acid.
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Figure 2. Hematoxylin-eosin staining and immunological staining for Cx43 in synovial tissue from RA patients RA1 (a, 
b), RA3 (c, d), and RA7 (e, f) and from OA patients OA9 (g, h) and OA10 (i, j). For each pair of images, H-E staining 
is shown on the left and immunological staining for Cx43 on the right. (a-d) Synovial tissue from RA patients RA1 and 
RA3 showed hyperplasia of the synovial tissue and infiltration of inflammatory cells, as demonstrated by H-E staining. 
Immunological staining for Cx43 revealed Cx43 expression in the superficial and sublining layers. (e, f) Synovial tissue 
from patient RA7 showed fibrosis, but little infiltration of inflammatory cells, indicating remission of inflammation, 
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h	 	 	OA 滑膜組織（免疫染色	Cx43）	
i	 	 	control 滑膜組織（HE 染色）	
j					control 滑膜組織（免疫染色	Cx43）	
	
	
RA 群 の 薬 歴 は ， 生 物 学 的 製 剤 で あ る
tocilizumab（TCZ と略）と methotrexate（MTX
と略）の併用が 2 例，MTX とステロイド剤の併
用が 3 例，MTX と抗リウマチ薬の併用が 1 例，
MTX 単独が 1 例，抗リウマチ薬とステロイド
剤の併用が 1 例であった．薬物療法は，Cx43
の発現に明らかな影響を与えなかった．（表）	
表	

RA	=	rheumatoid	arthritis;	K/L	=	Kellgren/Lawrence;	OA	=	osteoarthritis;	

CRP	=	C-reactive	protein;	TCZ=	tocilizumab;		

MTX	 =	 methotrexate;	 Pred.	 =	 prednisolone;	 BUC=	 bucillamine;	 SSZ	 =	

sulfasalazine;	NSAIDs	=	nonsteroidal	antiinflammatory	drugs.	
	
	
滑膜で発現している Cx は，Cx26，32 および
43 である．Cx43 は，ヒト正常滑膜で最も高発
現している．本研究において，Cx43 の遺伝子
発現は，OA および正常滑膜組織と比較して RA
滑膜組織で高かった．また，Cx43 の発現は，
ヒト RASFs において TNF-αによる炎症性刺激
で亢進することを明らかにした．さらに，Cx43
は RA 滑膜組織における炎症性細胞の浸潤に
伴い高い染色性を示した．以上から，Cx43 の
発現は，RA における滑膜炎の病態において重
要な役割を果たしている可能性がある．TNF-
αや IL-6 などの炎症性サイトカインの発現
は，RA の滑膜炎に強く関与している．また，
RA 群における Cx43 の発現は，生物学的製剤
である TCZ，MTX，抗リウマチ薬およびステロ
イド剤によって明らかに影響しなかった．	
Cx43 の発現は，既存の薬物療法に抵抗する RA

における滑膜炎の病勢を反映できる可能性が
ある．TNF-αの発現が亢進することで，破骨
細胞は活性化し，RA の骨破壊は進行する．近
年，Cx43 はヒト破骨細胞を活性化させること
が明らかにされてきた．本研究において，Cx43
の発現は RA 滑膜組織における TNFαの発現に
伴い亢進した．Cx43 の発現は，TNF-α誘導性
の骨破壊に関与している可能性がある．	
	 本研究で，Cx43 が生物製剤，メトトレキサ
ート，ステロイド剤などの薬物療法の選択に
関わらずヒト RA 滑膜組織で高い発現を示し
ている Cx43 は，RA の滑膜炎に対する新たな
治療標的となる可能性がある．	
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of Cx43 in synovial tissue may be involved in RA 
pathophysiology. Therefore, in this study, we 
aimed to identify the distribution and expression 
level of Cx43 in synovial tissue in patients with 
RA. We also examined whether small interfering 
ribonucleic acid (siRNA) targeting Cx43 could affect 
the expression of pro-inflammatory cytokines in 
cultures of human rheumatoid arthritis synovial 
fibroblasts (RASFs).

PATIENTS AND METHODS

This study was approved by the hospital ethics 
committee (the Medical Ethics Committee of 
Kyoto Prefectural University of Medicine) (RBMR-
141-1) during October 2010 and August 2012. 
Eight patients (2 males, 6 females; mean age 
59.5±2.7 years; range 52 to 71 years) who 
fulfilled the American College of Rheumatology 
(formerly, the American Rheumatism Association) 
classification criteria for RA were included.12 Their 
clinical characteristics are shown in Table 1. All 
RA patients were treated with disease-modifying 
anti-rheumatic drugs; seven patients (RA1, RA2, 
RA3, RA5, RA6, RA7, and RA8) were treated with 
methotrexate, one patient (RA2) was treated with 
bucillamine, and one patient (RA4) was treated 
with sulfasalazine. Low-dose corticosteroids were 
used for four patients (RA3, RA4, RA5, and 
RA7). Two patients (RA1 and RA6) were also 

treated with a humanized anti-IL-6 receptor 
(tocilizumab). Patient RA4 had mutilating arthritis, 
with severe joint destruction. Patients RA2, RA5, 
RA6, and RA7 showed more erosive disease, 
with severe destruction in the large joints. Patient 
RA1 had the least erosive disease. The disease 
in patient RA8 was well controlled, and severe 
joint destruction was localized to the small joints 
of the wrists and feet. Patients RA3 and RA7 
had end-stage joint destruction, accompanied 
by vasculitis; the vasculitis was controlled with 
10 mg of corticosteroids per day. Each patient was 
preoperatively assessed by the Disease Activity 
Score including a 28-joint count.13

In addition, five patients (2 males, 3 females; 
mean age 68.4±2.7 years; range 61 to 81 years) 
with knee osteoarthritis (OA), diagnosed according 
to typical clinical features, were included. One 
female subject (mean age 61 year) with normal 
knee joint had undergone leg amputation. All OA 
synovial tissue samples were obtained by total 
knee arthroplasty.

Clinical research was conducted in compliance 
with the Declaration of Helsinki. This study was 
approved by the hospital ethics committee (the 
Medical Ethics Committee of Kyoto Prefectural 
University of Medicine) (RBMR-141-1). Written 
permission was obtained from all subjects who 
participated in this study.

Table 1. Demographic and clinical features of the study subjects

RA patients
RA 1/52/F 8 IV – 0.03 Knee 3.89 TCZ 8 mg/k/4 week, MTX 6 mg/week
RA 2/54/M 10 IV – 1.21 Knee 4.04 MTX 6 mg/week, BUC 300 mg/day
RA 3/64/F 18 IV – 0.55 Knee 3.64 MTX 8 mg/week, Pred. 10 mg/day
RA 4/71/F 29 IV – 0.83 Elbow 4.55 Pred. 10 mg/day, SSZ 2 g/day
RA 5/52/F 24 IV – 2.31 Knee 4.66 MTX 8 mg/week, Pred. 6 mg/day
RA 6/64/F 12 IV – 0.04 Elbow 5.03 TCZ 8 mg/k/4 week, MTX 6 mg/week
RA 7/52/F 15 IV – 0.33 Knee 3.65 MTX 6 mg/week, Pred. 10 mg/day
RA 8/67/M 7 IV – 0.29 Wrist 4.22 MTX 8 mg/week

OA patients
OA 9/65/M – – IV 0.12 Knee – NSAIDs
OA 10/66/F – – IV 0.21 Knee – NSAIDs
OA 11/79/F – – IV 0.08 Knee – None
OA 12/68/F – – IV 0.09 Knee – None
OA 13/64/M – – IV 0.11 Knee – NSAIDs

Normal subject
14/61/F – – – 0.08 Knee – –

RA: Rheumatoid arthritis; K/L: Kellgren/Lawrence; OA: Osteoarthritis; CRP: C-reactive protein; DAS 28ESR: The disease activity score including a 28-joint count; 
TCZ: Tocilizumab; MTX: Methotrexate; Pred.: Prednisolone; BUC: Bucillamine; SSZ: Sulfasalazine; NSAIDs: Nonsteroidal antiinflammatory drugs.

Subject/age/gender Disease Larsen K/L CRP level Source of DAS 28ESR Medication
 duration,  score score presurgery, synovium
 years for RA for OA mg/liter
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