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Abstract
Objective  It has been reported that levels of soluble CD30 in serum and joint fluid are significantly elevated in patients with 
rheumatoid arthritis (RA). This study aimed to investigate whether CD30 could be a therapeutic target for RA.
Methods  The expression and localization of CD30 were examined by immunohistochemical and double immunofluores-
cence staining on synovial tissue samples obtained from patients with RA or osteoarthritis (OA) during surgery. Changes in 
CD30 expression of fibroblast-like synoviocytes (FLS) from RA patients with or without TNFα and IL-1β stimulation were 
examined by the polymerase chain reaction (PCR) and flow cytometry. Collagen antibody-induced arthritis (CAIA) was 
created in DBA/1 mice, and the therapeutic effect of brentuximab vedotin (BV) was examined by clinical score, histological 
findings and measurement of serum levels of SAA, IL-6, and TNFα.
Results  CD30 expression was significantly higher in samples from patients with RA than from those with OA. Double 
immunofluorescence showed a low rate of co-localization of CD30 with CD20 or CD90, but a high rate of co-localization 
of CD30 and CD138. CD30 mRNA expression was upregulated 11.7-fold in FLS following stimulation by inflammatory 
cytokines. The clinical scores of CAIA mice were significantly lower following both BV treatments, however, the histological 
scores of CAIA mice were significantly lower only following treatment with high dose BV (70 mg/kg).
Conclusions  CD30 was expressed on immunocompetent cells in synovial tissue from RA patients and in cytokine-stimulated 
FLS in vitro. High dose BV (70 mg/kg) showed significant therapeutic effects in ameliorating inflammation and joint destruc-
tion in CAIA mice, but low dose BV (30 mg/kg) was insufficient.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease 
affecting approximately 1% of the population and character-
ized by chronic inflammation of synovial tissue and progres-
sive bone and joint destruction [1]. There have been signifi-
cant advances in therapeutic options for RA over the past 
20 years, evolving to therapeutic regimens such as metho-
trexate (MTX), a biological and targeting disease-modifying 
antirheumatic drug (DMARD) that effectively suppresses 
disease activity [2]. However, approximately one-third of 
patients with RA among those who fail to respond to con-
ventional DMARD treatment show an inadequate response 
to tumour necrosis factor (TNF) inhibitors [3]. Biological 
DMARDs other than TNF inhibitors include IL-6 recep-
tor inhibitors, T cell co-stimulation blockers, and B cell 
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depletion agents, but only 69% of patients achieve a good or 
moderate EULAR response to a second non-TNF-targeted 
biologic after an inadequate response to a first TNF inhibitor 
[4]. Thus, there is still a need to develop novel efficacious 
agents with different modes of action.

CD30, a type 1 transmembrane glycoprotein, is a member 
of the tumour necrosis factor receptor (TNFR) superfamily. 
CD30 is mainly expressed by a variety of lymphoid neo-
plasms [5–7], and known to activate molecules on T cells 
and B cells. In areas other than oncology, the serum level of 
sCD30 has been reported to be associated with viral infec-
tion and chronic inflammatory diseases including lupus ery-
thematosus, asthma, atopic dermatitis, and RA [8–12]. How-
ever, the primary function of CD30 has remained obscure.

In late 1990’s, Gerli R et al. reported that sCD30 levels in 
serum and synovial fluid were higher in patients with early 
RA than controls and hypothesized that preactivated CD30-
committed T cell subset might be recruited from the periph-
eral blood (PB) into the inflamed joint, to downmodulate 
inflammation possible through IL-4 and IL-10 production 
[12, 13]. Tinazzi et al. found that high levels of sCD30L 
in the serum and synovial fluid of RA patients. They also 
described that sCD30 levels seem to reflect the recruitment 
of CD30 + T cells into the inflamed joints and are predictive 
of a positive response to classical and biological immuno-
suppressive therapy [14]. More recently, Barbieri also con-
firmed that in synovial fluid samples, not in PB samples, RA 
patients showed much higher percentage of CD4 + T cells 
and regulatory T cells expressing the CD30 than in controls, 
suggesting the local anti-inflammatory role of these cells. 
Interestingly, they also found that the stimulation of CD30 
ligand (CD30L) + T cells with the CD30/Fc chimera, a mol-
ecule that behaves as sCD30 can induce the polarization of T 
cells towards a Th17 phenotype with proinflammatory char-
acteristics [15]. They also reported that CD30L + neutrophils 
activated by stimulation with CD30/Fc release IL-8 amplify-
ing the inflammatory response. The fact the CD30L/CD30 
plays a critical role in Th17 differentiation [16] stimulated 
the investigations for complex CD30L/CD30 signaling path-
ways using CD30L or CD30 knockout mice, leading to the 
of attempts to the therapeutic modulation targeting CD30L/
CD30 interaction for inflammatory autoimmune diseases 
including multiple sclerosis [17], inflammatory bowel dis-
eases [18], and immune-mediated glomerulonephritis [19].

Brentuximab vedotin (BV; ADCETRIS®) is a novel anti-
body–drug conjugate (ADC) consisting of a chimeric anti-
CD30 monoclonal antibody bound to monomethyl-auristatin 
E (MMAE), a potent microtubule inhibitor, via a valine-
citrulline linker. When bound to CD30, a receptor on the cell 
membrane, BV is internalised and MMAE is released by the 
action of lysosomal enzymes on the linker. MMAE binds to 
microtubules to prevent mitosis and induce apoptosis [20]. 
In a clinical trial, BV was proven to be highly effective for 

relapsed and refractory classic Hodgkin lymphoma (CHL) 
and anaplastic large cell lymphomas (ALCL) that express 
CD30 on the surface of tumour cells [21].

According to the English literature to date, BV has been 
administered in six patients with RA with methotrexate 
(MTX)-associated lymphoproliferative disorder (MTX-LPD) 
with (n = 3) or without AVD (doxorubicin, vinblastine, dac-
arbazine) (n = 3), and achieved complete remission of HL 
[22]. Interestingly, in five of six RA cases (one case died) 
clinical remission or good disease control was maintained. 
None of the six cases developed any serious adverse events. 
The mechanism of action of BV in RA patients remains 
unknown, and it was uncertain whether BV independently 
acted on RA pathology, or disease control was achieved 
only by a manifestation of lymphoma in these case reports. 
These results stimulated us to examine the localization and 
expression of CD30 in RA synovial tissue. Next, we inves-
tigated whether BV has an effect on RA using an anti-type 
II collagen-induced arthritis model (CAIA), in which is an 
animal model of RA. To date, there are no treatment of RA 
complicated by MTX-HL, and if BV has a therapeutic effect 
on RA, it might be a promising treatment. The results of the 
current study may also provide an important clue to improve 
our understanding of the pathogenesis of RA, as well as for 
the development of a new CD30-targeted therapy against 
RA.

Materials and methods

Reagents

Brentuximab vedotin (BV) was obtained from Takeda Phar-
maceutical Company Limited (Osaka, Japan). CD30 poly-
clonal antibody (PA5-86,095; Invitrogen, Thermo Fisher 
Scientific, Waltham, MA, USA) was used in all histological 
analyses.

Patients and cells

Fresh synovial tissue was obtained during open joint 
replacement surgery from a total of 12 patients with a clini-
cal diagnosis of RA as well as seven patients with a clinical 
diagnosis of osteoarthritis (OA). All RA patients fulfilled the 
American Rheumatism Association criteria for RA [23]. All 
OA patients had primary OA diagnosed by the criteria for 
OA knee by the American Rheumatism Association [24]. 
The background characteristics of patients are summarised 
in Supplemental Table 1. All OA patients had no clinical 
symptoms in joints other than the contralateral knee and 
did not have systemic inflammatory disease. They did not 
have a history of intra-articular injections of corticoster-
oids or hyaluronic acid at least 3 months before the surgery 
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and not treated by oral corticosteroids. Fibroblast-like syn-
oviocytes (FLS) were isolated from the RA synovial tis-
sues as described previously [25]. Tissues were minced and 
digested in phosphate-buffered saline (PBS) containing Try-
pLE Express (Thermo Fisher Scientific), and digested with 
collagenase (Wako Pure Chemical Industries Ltd., Osaka, 
Japan) in Dulbecco’s Modified Eagle Medium (DMEM) for 
1 h at 37 °C. Tissue debris was removed with a cell strainer, 
then cells were centrifuged twice at 1500 rpm for 5 min. 
The supernatant was removed, and the pelleted cells were 
dispensed into a 100 mm dish. Synovial tissue cell cultures 
were incubated at 37 °C in a humidified atmosphere contain-
ing 5% CO2 until the primary cultures reached confluence. 
FLS were used for experiments after three to four passages.

Immunohistochemistry of human synovial tissue

Synovial tissue was harvested from 14 patients with RA or 
OA at the time of joint surgery at our hospital (n = 7 each). 
All samples used in this study were immediately fixed in 4% 
paraformaldehyde (PFA) and embedded in paraffin, from 
which serial 3-μm-thick sections were cut and stained with 
haematoxylin and eosin. Other sections were stained immu-
nohistochemically using an automated BOND-III stainer 
(Leica Biosystems, Wetzlar, Germany). The CD30 primary 
antibody PA5-86095 (1:100) was used and colour was devel-
oped using DAB Refine (Leica Biosystems). Sections were 
examined under an Olympus BX50 upright research micro-
scope. Five different randomly selected high power fields 
(eyepiece, 10×; lens, 40×) were examined to calculate the 
mean number of CD30-positive cells per field in sections of 
OA and RA synovial tissues.

Double immunofluorescence assessment 
of CD30‑positive cells

Double immunofluorescence staining was performed on 
paraffin-embedded RA synovial tissue using an automated 
BOND-III stainer (Leica Biosystems) (n = 7 each). Sec-
tions were incubated with the first primary antibody (CD30; 
1:100) for 30 min, followed by the second primary antibody 
CD3 (ab16669, polyclonal antibody, 1:200; Abcam, Cam-
bridge, UK), CD20 (ab64088, monoclonal antibody, 1:100; 
Abcam), CD138 (M7228, monoclonal antibody, 1:200; 
DAKO, Glostrup, Denmark), CD68 (M0814, monoclonal 
antibody, 1:400; DAKO) and CD90 (ab181469, monoclonal 
antibody, 1:500; Abcam). Sections were treated with goat 
anti-mouse IgG H&L Alexa Fluor 555 (ab150114; Abcam) 
and goat anti-rabbit IgG H&L Alexa Fluor 488 (ab150077; 
Abcam) as secondary antibodies. They were observed 
and analysed using a confocal laser scanning microscope 
(LSM780; Carl Zeiss, Jena, Germany) (Central Research 
Laboratory, Okayama University Medical School).

Real‑time polymerase chain reaction (PCR) 
for the quantitative detection of CD30 (TNFRSF8) 
messenger RNA (mRNA)

FLS were seeded at a density of 3 × 104/well into 24-well 
dishes and stimulated with TNFα (10 ng/mL), IL-1β (5 ng/
mL) or both TNFα and IL-1β for 24 h (n = 5). Total RNA was 
isolated from cultured cells using an RNeasy mini kit (Qia-
gen, Valencia, CA, USA). The RNA was reverse-transcribed 
into DNA using PrimeScript RT master mix (TaKaRa Bio 
Inc., Shiga, Japan). For CD30 (TNFRSF8) detection, the 
Hs0174277_m1 Taqman probe (Thermo Fisher Scientific) 
was used. PCR was performed using an AriaMX real-time 
PCR system (Agilent Technologies, Santa Clara, CA, USA). 
GAPDH was used as an endogenous control. The expression 
level of CD30 was calculated using the 2−ΔΔCt method.

Flow cytometric analysis of FLS

FLS were analysed by flow cytometry (FCM) to character-
ise the expression of surface markers and changes in CD30 
expression following cytokine stimulation. FLS were incu-
bated for 24 h with or without stimulation with TNFα and 
IL-1β. The cells were harvested and washed with PBS. Sur-
face staining was performed in fluorescence-activated cell 
sorting (FACS) staining buffer [PBS plus 2% foetal bovine 
serum (FBS)] on ice for 20 min. The following fluorophore-
labelled anti-human antibodies were used: CD90-PE (Bio-
legend, San Diego, CA, USA, 328109), CD30-APC (Bio-
legend, 333910), CD68-FITC (Biolegend, 333805), and 
CD3-PB (Biolegend, 300418). FCM data were acquired 
on a BD FACS Aria III (BD Biosciences, Franklin Lakes, 
NJ, USA), and analysed using FlowJo software (BD Bio-
sciences). All procedures were performed according to the 
manufacturer’s instructions.

Apoptosis assay of FLS

To investigate apoptosis of FLS with BV treatment, cas-
pase activation was measured using a Caspase-Glo 3/7 
assay kit (Promega, Madison, WA, USA) according to the 
manufacturer’s instructions. FLS incubated with or without 
TNFα and IL-1β for 24 h were seeded into 96-well plates 
and treated with BV (50 μg/mL). After 24 h, 100 µL/well 
Caspase-Glo reagent was added. Following a 1 h incubation 
at room temperature, samples were read on a FlexStation 3 
(Molecular Devices, Sunnyvale, CA, USA).

Induction of CAIA and in vivo treatment of mice 
with BV

CAIA mice were established as a model of RA, as they 
have a stable incidence rate of arthritis [26, 27]. Eighteen 
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7-week-old male DBA/1 mice (Japan SLC, Shizuoka, Japan) 
were used to evaluate the effect of BV in vivo. Mice were 
injected intraperitoneally with 2 mg of an arthritogenic 
cocktail of 5-clone monoclonal antibodies (mAb) to type 
II collagen (Chondrex, Redmond, WA, USA) on day 0 and 
50 μg of lipopolysaccharide on day 3. After the onset of 
clinically distinct arthritis, the treatment group received 
intraperitoneal injections of BV on days 4, 7, 10, and 13. 
We set the dose to BV 70 mg/kg as the high dose group 
(n = 6) and BV 30 mg/kg as the low dose group (n = 6). The 
no treatment group (n = 6) received saline injections of the 
same volume. Mice were monitored for body weight and the 
development of arthritis every day. Clinical scores for each 
paw were graded individually on a scale of 0–4 (maximum 
cumulative clinical arthritis score 16 per mouse) (0, nor-
mal paw; 1, mild but definite redness and swelling in any 
one joint of the digit or ankle/ wrist; 2, moderate to severe 
redness and swelling of the ankle and wrist; 3, redness and 
swelling of the entire foot including digits; 4, maximally 
inflamed limb with involvement of multiple joints) [26].

Serum collection and biomarker measurements

On day 15, mice were euthanized by terminal blood collec-
tion via cardiac puncture under general anaesthesia. Whole 
blood was collected in a serum separator tube (CAPIJECT 
Micro Collection Tubes®, Terumo Medical, Tokyo, Japan) 
and spun at 1450 × g for 15 min after standing for 7 h. This 
supernatant was collected as serum and stored at − 80 °C 
until assayed. Levels of mouse serum amyloid A (SAA) 
(Life Diagnostics, Inc., West Chester, PA, USA), IL-6 and 
TNFα (Protein Tech Group, Chicago, IL, USA) were meas-
ured by ELISAs according to the manufacturer’s protocol.

Histological analysis of hind paws

On day 15, mice were euthanized by terminal blood collec-
tion via cardiac puncture under general anaesthesia. Hind 
paws were dissected and fixed in 4% PFA for 24 h. Samples 
were then decalcified in 0.3 M EDTA (pH 7.5) for 10 days, 
divided into two blocks along the sagittal plane, dehydrated 
through a graded series of ethanol, and embedded in paraffin. 
Standard sagittal sections measuring 3.5 μm were prepared 
and stained with haematoxylin–eosin and safranin O-fast 
green. We performed histological assessment according to a 
semi-quantitative scoring system. Histological examinations 
for synovial inflammation and bone and cartilage destruction 
were performed independently by two of the authors (MM 
and YN). We used the scoring system described by Sancho 
et al. [28], where 0 indicated no inflammation; 1 meant slight 
thickening of the synovial cell layer and/or some inflamma-
tory cells in the sublining; 2 represented thickening of the 
synovial lining, infiltration of the sublining, and localized 

cartilage erosions; and 3, infiltration in the synovial space, 
pannus formation, cartilage destruction, and bone erosion.

Immunohistological analysis of hind paws

We performed immunohistochemical staining of CD30 in 
the hind paws. All sections were subjected to heat-induced 
antigen retrieval with citrate buffer (pH 6.0) for 10 min at 
95 °C prior to further treatment. Endogenous peroxidase was 
blocked by immersing the specimens in 0.3% H2O2 in PBS, 
and then treating with 10% normal goat serum. An antibody 
against CD30 (PA5-86,095, 1:150; Invitrogen) was used as 
the primary antibody and incubated overnight at 4 °C. The 
next day, sections were incubated with N-Histofine® Simple 
Stain MAX PO® (Nichirei Biosciences Inc., Tokyo, Japan) 
at room temperature for 30 min. Staining was visualized 
using DAB (Nichirei Biosciences Inc.), and sections were 
counterstained with haematoxylin.

Statistical analysis

Data are expressed as mean ± SEM. Where appropriate, the 
different groups were tested for statistical significance using 
Student’s t-test (two-tailed) and two-way ANOVA with Dun-
nett’s post-hoc analysis. A P-value of less than 0.05 was 
considered statistically significant. Analyses were performed 
using GraphPad Prism software (version 9.0; GraphPad 
Software Inc., La Jolla, CA, USA).

Ethical approval and consent to participate

All procedures involving human tissue samples used in this 
research were approved by the Ethics of Human Experi-
ments Committee at Okayama University Graduate School 
of Medicine (Approval No. 1712-026) and carried out in 
accordance with relevant guidelines and regulations. All 
patients gave informed consent to take part in the study. All 
the animal experiments were approved by the Animal Care 
and Use Committee, Okayama University (Approval No. 
OKU-2018446) and carried out in accordance with relevant 
guidelines and regulations.

Results

Localization of CD30‑expressing cells in human 
synovium

Immunohistochemical staining for CD30 showed a few 
CD30-positive cells in the synovial tissue of OA samples. 
On the other hand, in the synovial tissue of RA, large num-
bers of CD30-positive cells were observed around lym-
phoid follicles, and weak CD30 staining was observed in 
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the synovial lining cells and stromal cells (Fig. 1a, b). The 
average number of CD30-positive cells in RA synovial tis-
sue was significantly higher than that in OA synovial tissue 
(P < 0.01) (Fig. 1c). Double immunofluorescence staining 
showed expression of CD30 in 58–98% of CD138-positive 
cells. In addition, it was observed in an average of 4.1% 
(1–9%) of CD20-positive cells among three of seven cases, 
and in an average of 3.7% (1–10%) of CD90-positive cells 
among four of seven cases. No expression of CD30 was 
observed in CD3- or CD68-positive cells (Fig. 2). These 
results indicated that CD30 was predominantly expressed on 
plasma cells in RA synovial tissue specimens, and in some 
B cells and synovial fibroblasts.

Overexpression of CD30 and effectiveness of BV 
in FLS of RA patients with cytokine stimulation

To investigate changes in CD30 expression in cultured FLS 
of RA patients, we evaluated CD30 mRNA with and with-
out cytokine stimulation by PCR. The mRNA expression 
level of CD30 was elevated in cells stimulated with TNFα 
and IL-1β, and it was highest in cells stimulated with both 
cytokines (Fig. 3a). To assess the protein expression lev-
els of CD30, we performed FCM analysis of FLS with or 
without cytokine stimulation (both TNFα and IL-1β). The 
analysis revealed that most cells were CD90-positive, more-
over, stimulation with the cytokines increased CD30 expres-
sion in CD 90-positive cells (Fig. 3b–d). PCR and FCM 
experiments showed that stimulation of FLS with cytokines 
increased expression of CD30 in FLS of RA. A caspase-Glo 
kit was used to analyse the caspase 3/7 activity to deter-
mine whether the effect of BV on CD30 caused apoptosis 
in FLS. In FLS without cytokine stimulation, caspase activ-
ity did not change by BV treatment; however, in cytokine 

stimulated FLS, caspase activity was significantly increased 
by BV treatment (Fig. 4). It was assumed that BV did not 
work well probably due to low expression of CD30 in FLS 
without cytokine stimulation. On the other hand, since CD30 
expression was increased by cytokine stimulation, BV could 
act on CD30-positive FLS to induce apoptosis, resulting in 
increased caspase activity.

In vivo efficacy of BV for CAIA

We used 18 mice with CAIA to investigate the efficacy of 
BV in vivo (Fig. 5a). Clinically apparent arthritis devel-
oped on day 4 with acute body weight loss, and all control 
mice (no treatment group) developed severe arthritis with 
swelling of all limb joints. In the no treatment group, clini-
cal symptoms of active arthritis such as joint redness and 
swelling peaked on day 10 (average clinical score: 13.5). 
BV treatment suppressed the clinical symptoms of arthritis 
in BV treatment groups. Clinical scores were significantly 
lower in both the BV 30 mg/kg and the BV 70 mg/kg 
groups compared to CAIA mice without treatment. In the 
BV 70 mg/kg group, joint inflammation was almost com-
pletely suppressed after day 12 (Fig. 5b, d). There was a 
significant difference in body weight change only between 
the no treatment group and the BV 70  mg/kg group 
(Fig. 5c). The weight in the BV 70 mg/kg group tended 
to increase, suggesting that BV suppressed inflammation 
and had no systemic side effects. In addition, mouse serum 
was collected at day 15. In one of the 18 mice, we were 
unable to measure cytokine levels because it was not pos-
sible to collect a sufficient amount of blood (n = 1: con-
trol group). The CAIA mice without treatment showed 
higher SAA and IL-6 levels in serum compared to BV 
treatment groups. The level of TNFα showed no significant 

Fig. 1   Analysis of CD30-
positive cells in synovial tissue 
of patients with osteoarthritis 
(OA) and rheumatoid arthritis 
(RA). a, b Immunohistochemi-
cal staining (diaminobenzidine) 
of CD30 in synovial tissue of 
patients with OA (a) and RA 
(b). There is the accumulation 
of CD30-positive cells, which 
are thought to be plasma cells, 
around the area of lymphoid 
follicles (circles). Original 
magnifications: 200×. c Num-
ber of CD30-positive cells in 
synovial tissue of OA or RA 
patients (n = 7 each). Asterisks 
indicate statistical significance 
(*P < 0.05: Student’s t- test)
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difference between the three groups (Fig. 5e). Histological 
analysis of the hind paw joints of mice on day 15 revealed 
that mice treated with BV 70 mg/kg showed amelioration 
of bone and cartilage destruction and synovial inflamma-
tion (Fig. 6a–i). However, histological analysis showed 
no improvement in inflammation in mice treated with BV 
30 mg/kg. Histological scores were significantly lower in 
the BV 70 mg/kg groups compared to CAIA mice without 
treatment. There was no statistically significant difference 
in score between the BV 30 mg/kg group and CAIA with-
out treatment (Fig. 6j). Immunohistochemical staining of 
CD30 in the hind paw showed that CD30-positive cells 
were present in the expanded synovium of no treatment 
mice and mice treated with BV 30 mg/kg (Fig. 6k). In 
mice treated with BV 70 mg/kg, there was no hyperplas-
tic synovium and almost no CD30-positive cells were 
observed. Because these mouse specimens easily peeled 

off the slides, it was not possible to evaluate the sections 
by multiple immuno-staining.

Discussion

Previous studies demonstrated the presence of high levels 
of soluble CD30 (sCD30) in serum and synovial fluid of 
RA patients compared with normal controls, and that lev-
els of serum sCD30 were positively correlated with disease 
activity, as well as better response to immunosuppressive 
therapy for RA [12, 29, 30]. Increased level of sCD30 has 
been thought to be reflect the activation of CD30 + T cells 
through production of IL-4 and IL-10, which could play 
a role of counter-regulatory effects in RA pathology [31]. 
Thus, CD30L/CD30 signalling pathway has been thought to 
be preferentially involved in Th2 cell responses. However, 

Fig. 2   Double-fluorescent 
staining images of CD3, CD20, 
CD138, CD68, CD90 and CD30 
in RA synovial tissues. a–e 
CD3 (a), CD20 (b), CD138 (c), 
CD68 (d) or CD90 (e) expres-
sion is shown in red; CD30 
expression is shown in green. 
Cell nuclei were counter-stained 
blue with DAPI. The cells 
marked with an arrow show 
double-positivity for CD30 
and CD20, CD90 or CD138 
expression
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after the demonstration of CD30L/CD30 signaling executed 
by the T-T cell interaction plays a critical role in Th17 cell 
differentiation [16], the role of CD30L/CD30 signaling 
pathway in the pathogenesis of several disorders needed to 
be re-considered in Th1/Th2/Th17 axis. In a murine model 
of anti-CD3-induced enteritis, intestinal damage was sig-
nificantly reduced in CD30L knockout mice with reduced 
levels of serum IFN-g and IL-17 [18]. Blocking of CD30L/

CD30 signals by CD30-immunoglobulin (CD30-Ig) fusion 
protein showed reduced inflammation of enteritis in vivo. 
Similar suppressive effects on Th17 differentiation or IL-17 
production by CD30-Ig have been reported in experimen-
tal autoimmune encephalomyelitis [17] and dextran sulfate 
sodium-induced colitis [32], suggesting the blocking agent 
of CD30L/CD30 signaling, such as CD30-IG or antagonistic 
anti-CD30 antibodies could be a new therapeutic tool for 
these human disorders. More recently, Artinger et al. demon-
strated combined blockade of the CD30 and OX40 (CD134) 
costimulatory pathways reduced pathogenic hyperprolifer-
ation in secondary lymphoid organs and the migration of 
disease-promoting Th17 cells to the kidney in nephrotoxic 
serum nephritis [19]. These results cumulatively suggested 
the complex CD30L/CD30 signaling pathway and functional 
activity of the soluble molecules might be involved in the 
pathogenesis of RA.

In the current study, number of CD30 positive cells was 
significantly higher in RA synovial tissues than in OA syno-
vial tissues. This might have been related that OA sample 
was from end stage disease obtained at total joint replace-
ment surgery, however, it is difficult to obtain the early stage 
of the OA due to ethical problem. In the future study, it 
would be interesting to see the change of CD30 expression 
relevant to the disease progression in the same OA and RA 
patient.

Which cells in the synovial membrane are responsible 
for the expression of CD30 under inflammatory conditions 
in RA has not been well understood. As CD30 expression 
is generally restricted to activated T and B lymphocytes 
and some activated macrophages [33–36], we performed 
double immunofluorescence staining for CD30 with CD3, 
CD20, CD68, CD90 and CD138 in the synovial tissue of RA 
patients. In contrast to previous reports, CD30 expression 
was confirmed in the synovial tissue of RA by immuno-
histological assay [13]. Interestingly, CD30 was expressed 

Fig. 3   Changes of CD30 expression induced by stimulation with 
TNFα and IL-1β in fibroblast-like synoviocytes (FLS) of RA patients. 
a Real-time polymerase chain reaction analysis of early changes in 
the expression of CD30 mRNA, with and without cytokine stimu-
lation for 24  h. Relative gene expression of CD30 differed signifi-
cantly between unstimulated (n = 6) samples and IL-1β-treated (n = 6) 
samples or those treated with both IL-1β and TNFα (n = 6). Error 
bars represent mean relative values normalized to GAPDH expres-
sion ± SEM. Asterisks indicate statistical significance versus no 
stimulation (*P < 0.05: Two-way ANOVA with Dunnett’s post-hoc 
analysis). b-d Flow cytometry (FCM) analysis of CD30 expression in 
FLS with and without cytokine stimulation for 24 h. b Plots showing 
representative data of CD30-expressing cells among live CD90 cells. 
The percentage of double-positive cells for CD90 and CD30 was 
2.39% in non-stimulated FLS (left), whereas it increased to 28.3% in 
cytokine-stimulated FLS (right). c Histogram showing the right shift 
of CD30 positive signal in cytokine stimulated FLS compared to non-
stimulated FLS. d The mean fluorescence intensity (MFI) of CD30 in 
gated CD90 cells. Asterisks indicate statistical significance versus no 
stimulation (n = 7) (*P < 0.05: Student’s t- test)

Fig. 4   Induction of apoptosis by BV on FLS evaluated by caspase 
assay. FLS from RA patients was cultured for 24 h with or without 
cytokines, and the effect of BV on caspase activity was measured 
using caspase 3/7-Glo (n = 4)
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mainly on plasma cells and on a very small population of B 
cells and synovial fibroblasts, while T cells and macrophages 
in RA synovial tissue showed no positive reaction for CD30.

Shanebeck et al. confirmed that activated mouse B cells 
expressed significant levels of CD30. They demonstrated 
that stimulation of mouse B cells by CV-1 cells transfected 
with CD30L in the presence of cytokines (IL-2, IL-4 and/or 
IL-5) induced the B cells to proliferate, differentiate and pro-
duce antibodies [37]. It has been described that only a few 
CD20+ B cells might be activated to contribute to the germi-
nal centre reaction, and this small population of activated B 

cells would be selected to differentiate into plasma cells [38]. 
In addition, the turnover of the B cell population infiltrated 
into the synovium is rapid. These B cell behaviours might be 
one of the reasons why immunohistochemical analysis only 
indicated the presence of a very small population of CD30+ 
B cells in RA synovial tissue.

The expression of CD30 by plasma cells has not received 
much attention in the literature. It has been reported that 
5–15% of CD38 reactive mucosal plasma cells also react 
with CD30 in frozen sections of primary gastric plasmacy-
toma [39]. In the current study, our results showed that most 

Fig. 5   Effect of intraperito-
neal administration of BV 
(30 mg/kg or 70 mg/kg body 
weight) on the development of 
clinical arthritis in mice with 
collagen antibody-induced 
arthritis (CAIA). a Induc-
tion of arthritis and treatment 
protocol. MAbs. monoclonal 
antibodies; i. p. intraperito-
neally, LPS lipopolysaccharide, 
BV brentuximab vedotin. b 
The clinical score for every 
day of the experiment is given 
as mean ± SEM (see “Materi-
als and Methods” for scoring 
system). c Body weight for 
every day of the experiment is 
given as mean ± SEM. Asterisks 
indicate statistical significance 
(b, c *P < 0.01: No treatment 
(CAIA) vs. BV 30 mg/kg or BV 
70 mg/kg body weight, analysed 
by two-way ANOVA with 
Dunnett’s post-hoc analysis.) d 
Photographs of hind paws of no 
treatment CAIA mouse (left) 
and BV 70 mg/kg-treated mouse 
(right) at day 9. e Inflamma-
tory biomarkers in the serum of 
CAIA mice. We analysed SAA 
(left), IL-6 (middle), and TNFα 
(right) by ELISA. Asterisks 
indicate statistical significance 
(*P < 0.05: No treatment 
(CAIA) vs. BV 30 mg/kg or BV 
70 mg/kg body weight, analysed 
by two-way ANOVA with Dun-
nett’s post-hoc analysis)
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of the plasma cells in the synovial tissue were positive for 
both CD30 and CD138. The plasma cells may survive for 
a long time in the synovial tissue, thus they are thought to 
be exposed to the BV therapy as long as they express CD30 
on the cell surface. However, plasma cells are thought to 
be less involved in the CAIA model because in this case 
arthritis is induced without involvement of the adaptive or 
innate immune response. Therefore, it was not clear whether 
the effect of BV on the CAIA model was caused by plasma 
cell depletion.

FLS, which are non-immunological cells and drive 
inflammation, have recently regained attention as a thera-
peutic target for RA [40]. A previous study showed that 
Cadherin-11 is a FLS-specific surface receptor, and Cad-
herin-11-deficient mice have a hypoplastic synovial lin-
ing, a disordered synovial response to inflammation, and 

resistance to inflammatory arthritis [41]. In the current study 
on synovial tissues of RA patients, CD30-positive cells were 
observed in 3.7% (1–10%) of the CD90-positive synovial 
fibroblasts. Surprisingly, FLS expressed CD30 in response 
to stimulation by inflammatory cytokines in vitro. In the 
FCM study, the positive rate of CD30 expression before 
cytokine stimulation was only approximately 3%; however, 
it increased about 11.8-fold after stimulation with TNFα and 
IL-1β. Because a soluble form of the extracellular domain of 
the CD30 molecule (sCD30) is cleaved from the cell mem-
brane of CD30-positive cells by the activity of a disintegrin 
and metalloproteinase (ADAM) 10 [42], shedding of CD30 
from the cell surface might lead to the apparently lower 
numbers of CD30-positive cells by immunohistochemistry. 
Our in vitro experiments also demonstrated that BV, a micro-
tubule inhibitor-binding anti-CD30 monoclonal antibody, 

Fig. 6   Histological examination 
of the ankle joints of no treat-
ment mice (a–c), mice treated 
with BV 30 mg/kg (d–f), or 
treated with BV 70 mg/kg (g–i). 
a, b, d, e, g, h Haematoxylin 
and eosin (H&E) staining. 
c, f, i Safranin O staining. 
Original magnification: 40 × (a, 
d, g), 100 × (b, e, h), and 
200 × (c, f, i). j Quantification 
of histopathological changes 
in the ankle joint. Data are 
given as mean histopatho-
logical score ± SEM. Asterisks 
indicate statistical significance 
(*P < 0.05: Control (CAIA) vs. 
BV 70 mg/kg of histological 
score by two-way ANOVA with 
Dunnett’s post-hoc analysis). 
Fibroblast proliferation of BV 
70 mg/kg was not more notice-
able than no treatment and BV 
30 mg/kg mice. k Immunohisto-
chemical staining (diaminoben-
zidine) for CD30 in the synovial 
tissue of CAIA mice. Original 
magnifications: 100 × (upper 
panel) and 400 × (lower panel)
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did not affect FLS without stimulation by TNFα and IL-1β, 
whereas BV induced apoptosis of cytokine-stimulated FLS.

In the current study, we examined for the first time 
that the effects of BV, an anti-human CD30-directed anti-
body–drug conjugate, on an experimental model of RA. 
The results showed that BV successfully suppressed syno-
vial inflammation and development of bone erosion of in 
CAIA mice treated with high dose BV (70 mg/kg). The 
beneficial effects of BV seen in CAIA model mice might 
be partially due to its pro-apoptotic effects on CD30 + FLS 
and plasma cells. Another possible mechanism would be 
the suppression of Th17 differentiation of T cells through 
the blockade of CD30L/CD30 signaling pathway. CD30 
expressed by plasma cells or fibroblast-like synoviocytes 
could directly interact with CD30L on CD4 + T cells, acti-
vate CD30L/CD30 signalling pathway, and promote Th17 
cell differentiation. Binding of BV might indirectly inhibit 
the T cell differentiation to proinflammatory Th17 cells. 
Barbieri et al. demonstrated the stimulation of CD30L with 
the CD30/Fc chimera, a molecule that behaves as sCD30, 
is able to favor the polarization of T cells towards a Th17 
phenotype with proinflammatory features in RA [15]. They 
also found that the percentage of CD4 + CD30L + T cell 
is higher in synovial fluid than in PB samples in both RA 
patients suggesting CD30L is preferentially expressed by 
cells present at sites of inflammation. BV also might have 
a role in binding with sCD30 to block the CD30L/CD30 
signaling pathway, thereby contributed to the amelioration 
of joint inflammation.

In contrast to the effect of high dose BV (70 mg/kg), our 
results showed that CAIA treated with low dose BV (30 mg/
kg) significantly improved clinical scores of mice but failed 
to suppress the pathology of synovial inflammation and car-
tilage destruction. Even when the human clinical trial vol-
ume of BV of 0.1 to 3.6 mg/kg is converted into the mouse 
dose by body surface area, the maximum BV is about 45 mg/
kg, and BV 70 mg/kg was an overdose. Previous reports have 
demonstrated that there were no side effects up to 30 mg/
kg, but weight loss was reported above 40 mg/kg of BV in 
mice [43]. The possible reasons why low dose BV failed to 
show complete suppression of joint inflammation of CAIA 
mice might include the difference of pattern and amount of 
CD30 expression between human and mice, difference in 
sensitivity to BV toxicity, and route of BV administration. 
As the previous studies have shown high structural homol-
ogy between human and mouse CD30 [44], we had expected 
that BV might work well in this murine model. The reason 
for the inadequate effect of the human dose equivalent of BV 
is that BV might not be able to completely neutralize CD30 
in mice. In addition, CAIA can cause arthritis similar to CIA 
without the priming phase of the immune response when the 
anti-collagen antibody cocktail is given alone or combina-
tion with LPS. Therefore, in the early phase of CAIA model, 

T cell response, B cell response and plasma cell function 
might not largely related [45]. Experiment using other RA 
mice model such as CIA mice in which plasma cells are 
more involved in the onset or SCID mice engrafted with 
human RA tissue might add further information.

To summarize, CD30 was mainly expressed on plasma 
cells in human RA synovial tissue, and CD30 expression 
was increased in inflammatory cytokine-stimulated FLS. 
CD30 expressed on these cells and sCD30 might be the tar-
gets of anti-CD30 therapy. In vitro study showed that higher 
dose BV (70 mg/kg) significantly attenuated the severity of 
arthritis and improved histological findings in CAIA mice, 
however the effects of low dose BV (30 mg/kg) compara-
ble to human clinical use were not sufficient. Further study 
would be needed to explore the efficacy of CDL/CD30 tar-
geting therapy in experimental model of RA.
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