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treated MRC-5 normal lung cells (Fig. 3A). We analyzed exter-
nalization of phosphatidylserine and DNA fragmentation, hall-
marks of apoptosis. CVB3-treated A549 cells showed a greater
proportion of apoptotic (AnnexinV*'/7-AAD™) and necrotic
(AnnexinV*/7-AAD™) cells than LK-2 cells, correlating with

Figure 1. Sequential 2-step
screenings to identify a potent
oncolytic virus candidate. A,
various cancer cell lines and HS-5
cells were infected with 28 strains
of enterovirus at an MOl of 1.0 and
incubated for 1 hour. At 72 hours
postinfection, cell viability was
assessed by crystal violet staining.
Black, gray, white, and hashed
boxes indicate greater than 50%
cytotoxicity, less than 50%
cytotoxicity, no cytotoxicity, and
not analyzed, respectively.
HEV-A, human enterovirus A;

- HEV-B, human enterovirus B;

HEV-C, human enterovirus C.

B, various human NSCLC and”
normal lung cell lines were infected
with CVB2, CVB3, and CVB4 for 72
hours at MOls of 0.001, 0.01, and
0.1 for NSCLC cell lines and MOls
of 0.1, 1.0, and 10 for normal cell
lines, respectively. Cell viability
was assessed by crystal violet
staining. AC, adenocarcinoma;
SCC, squamous cell carcinoma;
LCC, large cell carcinoma.

CAR expression (Fig. 3B). Similarly, exposure of A549 cells to
CVB3 induced more sub-G; cells with DNA fragmentation than
LK-2 cells, correlating with CAR expression. In contrast, nei-
ther Annexin V positivity nor DNA fragmentation was induced
in CVB3-treated MRC-5 cells (Fig, 3C). To determine whether
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Figure 2. Expression profile of surface CAR and DAF on normal lung and NSCLC cells and its correlation with CYB3-mediated cytotoxicity. A, surface
expression of CVB3 receptors on various lung celi lines was quantified by flow cytometry. Histograms represent the measured fluorescence of cells
incubated with an isotype control antibody (unshaded) and anti-CAR or anti-DAF antibody (shaded). B, correlation between expression of CAR and DAF
and cell viability at 72 hours after CVB3 infection (= —0.92; P <0.0001). G, cells infected with CVB3 at indicated MOls was analyzed at indicated time points for
cell viability by MTS assay. Each value was normalized to Opti-MEM-treated cells (mock) and represents the mean - 8D. D, A548 cells transfected with
CAR-specific SiRNA or control siRNA were infected with CVB3 (MOl = 10), and assessed by MTS celi viability assay at 48 hours after CVBS3 infection.
Each value was normalized to mock and represents the mean + SD. =**, P < 0.001.
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Figure 3. Correlation between caspase-dependent apoptosis and CVB3-mediated cytotoxicity in NSCLC cells. Lung cell lines infected with CVB3 {MOI=0.1)
were analyzed 24 hours later. A, each cellular lysate obtained was subjected to immunobilot analysis. Full-length PARP (116 kDa) and cleaved PARP
(85 kDa) are shown. B, early apoptotic population was represented as Annexin V-PE”/7-AAD™ celis. C, each histogram Pl depicts the population of cells in

G, and Gz-M, and the apoptotic subdiploid peak {sub-G4). D, cells pretreated with dimethy! sulfoxide (DMSQ) or z-VAD-fmk and incubated with mock or
CVB3 at indicated MOls were subjected to MTS cell viability assays. *, P < 0.05.
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CVB3-inducible apoptosis contributed to CVB3-mediated
cytotoxicity against A549 cells, we treated them with the
pan-caspase inhibitor, z-VAD-fmk. CVB3-mediated cytotoxic-
ity was slightly but significantly reduced when z-VAD-fmk was
added in a dose-dependent manner (Fig. 3D).

Because PI3K/Akt signaling pathways mediate CVB3 repli-
cation in human cancer cells (26), we investigated whether
CVB3 infection could activate Akt phosphorylation (p-Akt) in
A549 cells. CVB3 infection induced substantial p-Akt expres-
sion on the Ser-473 residue, peaking at 15 minutes postinfec-
tion (Fig. 4A and B), prompting us to examine the effects of
pretreatment with LY294002, a specific PI3K inhibitor, or bpV,
an inhibitor of PTEN that antagonizes PI3K activity, on p-Akt
expression levels in CVB3-treated A549 cells. 1.Y294002

reduced but bpV enhanced the level of p-Akt induced by CVB3
infection (Fig, 4C and D). In addition, LY294002 significantly
diminished but bpV significantly augmented CVB3-mediated
cytotoxicity against A549 cells at 14 hours after infection in a
dose-dependent manner, whereas no cytotoxicity was
observed when either of these agents were used in the absence
of CVB3 (Fig. 4E and F). To unravel the relationship between p-
Akt expression and CVB3 replication, we examined the effects
of LY294002 or bpV on release of CVB3 progeny from CVB3-
treated A549 cells. The CVBS3 titer was significantly reduced
when LY294002 was added, whereas it was increased almost 2-
fold when bpV was added (P< 0.05; Fig. 4G), showing that PI3K/
Akt pathway was involved in CVB3 replication. Furthermore,
addition of a potent MEK inhibitor PD0325901, which blocks
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phosphorylation of ERK, to CVB3 infection significantly
decreased cytotoxicity against A549 cells in a dose-dependent
manner, whereas PD0325901 alone did not have any effect
(Fig. 4H).

Efficacy studies in nude mice

We next evaluated iz vivo oncolytic effects of CVB3 and its
tolerability in nude mice bearing subcutaneous NSCLC xeno-
grafts. A single dose of intratumoral CVB3 administered into
A549 xenografts significantly suppressed tumor growth (P <
0.01; Fig. 5A). In addition, the survival rate was significantly
improved in CVB3-treated mice compared with untreated
mice (P = 0.0008; Fig. 5B). To evaluate tolerability and dose-
dependent oncolytic effects, 5 consecutive doses of CVB3 were
intratumorally administered into A549 xenografts. The treat-
ment with CVB3 elicited significant tumor regression in a dose-
dependent manner (P < 0.05; Fig. 5C), with significantly pro-
longed survival (? = 0.0004). Moreover, half of the CVB3-
treated mice achieved complete regression of the tumor (Fig.
5D). Similarly, in the EBC-1 human squamous cell carcinoma
xenograft model, intratumoral 5 administrations of CVB3
revealed significant antitumor effects. All CVB3-treated mice
achieved complete tumor elimination with a significantly
prolonged survival rate (Fig. 5E and F). For H1299 human
adenocarcinoma xenograft, similar potent antitumor effects
with complete tumor rejection were observed in all of CVB3-
treated mice (Supplementary Fig. §3). Notably, none of the
mice died of side effects during these treatments.

To further investigate systemic oncolytic effects of CVB3, we
used a mouse model with bilaterally preestablished subcutane-
ous A549 xenografts. Five consecutive CVB3 administrations
into the right flank tumors only significantly suppressed the
growth of both the CVB3-injected tumor and the distant untreat-
ed tumor when compared with untreated mice (P< 0.05; Fig. 5G),
and displayed a significantly prolonged survival rate (P = 0.0021)
and no lethality (Fig. 5H). To clarify the mechanism by which
CVB3 exerted antitumor effects against the contralateral tumor,
we investigated whether the supernatants derived from dis-
rupted untreated tumors or from CVB3-treated tumors had
oncolytic activity against A549 cells. The supernatants derived
from both CVB3-treated and CVB3-untreated tumors destroyed
A549 cells (Fig. 6I), showing that replication-competent CVB3
did exist in untreated contralateral tumors, )

Immunologic assays

As preapoptotic exposure to CRT and ATP release and
postapoptotic HMGB1 are required for immunogenic cell
death induced by chemotherapeutic agents such as anthracy-
clines and oxaliplatins (18), we examined whether CVB3
infection promoted similar effects on NSCLC cells. CVB3
treatment induced abundant surface exposure of CRT (Fig.
6A) on both A549 and H1299 cells, and active secretion of
extracellular ATP was in dose- and time-dependent manner
(Fig. 6B). In addition, CVB3 infection resulted in substantial
release of HMGB1, another determinant of immunogenicity,
from the nuclei of both A549 and H1299 cells into the cytosol
(Fig. 6C).

We next evaluated the effects of intratumoral CVB3 admin-
istration on tumor-infiltrating immune cells in A549-bearing
mice. CVB3 administration recruited significantly greater
accumulation of NK cells, granulocytes, macrophages, and
DCs into the tumor bed compared with the controls (P <
0.01; Fig. 7A and B). The tumor-infiltrating DCs expressed
significantly higher levels of the costimulatory molecules
CD80, CD86, and the maturation marker CCR7 in CVB3-treated
mice compared with untreated mice (P < 0.05; Fig, 7C). It has
been reported that mobilized CD107a expression, a cytolytic
degranulation marker, correlates with NK cell-mediated lytic
potential (27), and that granulocytes contribute to the antitu-
mor effect of the oncolytic measles virus {28). We therefore
explored the effects of CVB3 treatment on tumor-infiltrating
CD107a-harbouring NK cells and granulocytes. A higher den-
sity of NK cells as well as granulocytes mobilized CD107a to
their cell surface in CVB3-treated mice compared with untreat-
ed mice (Fig. 7D). We further investigated the role of endog-
enous NK cells or granulocytes on the CVB3-mediated anti-
tumor effect by depleting tumor-bearing mice of NK cells or
granulocytes. Depletion of either NK cells or granulocytes
significantly abrogated the therapeutic effect of CVB3 (P <
0.05; Fig. 7E), illustrating their substantial contribution to
CVB3-induced antitumor responses.

Discussion

Lung cancer is the world's leading cause of cancer death,
resulting in more than 1 million deaths per year worldwide
(29). However, standard conventional therapies have pro-
duced limited cures, highlighting the need to develop novel
therapeutic modalities (30). Here, we successfully identified
CVBS as a useful virotherapeutic agent against NSCLC via
large-scale screenings with 28 strains of human entero-
viruses (Fig. 1).

Discriminatory mechanisms for selectively targeting cancer
cells are a prerequisite for therapeutic oncolytic viruses. CVB3
possessed cancer-specific viral tropism, as evidenced by an
extremely low infection of MOI = 0.001 (Fig. 1B). In addition,
CVB3-induced cytotoxicity positively correlated with the
expression levels of DAF and particularly CAR on NSCLC cells
(Fig. 2). CAR is expressed on various histologic types of human
hung cancers, but not on normal alveolar epithelial cells (31).
DAF counteracts the cytolytic action of the complement
system and whose expression is upregulated on the surface
of many tumors, seems to be a good target for oncolytic virus
(32). These findings form a basis for the use of CVB3 in
therapeutic applications for NSCLC patients.

Our results showed a moderate contribution of caspase-
mediated apoptosis to CVB3-mediated oncolysis in human
NSCLC cells (Fig. 3D). Generally, a wide range of cancers are
known to be resistant to apoptosis following chemotherapy
(33). Thus, the ability of CVB3 to induce apoptosis is an
attractive property for the treatments of refractory NSCLC
(34, 35). A role of PI3BK/Akt signaling in accelerating CVB3
replication in NSCLC cells was also shown by use of cotreat-
ment with a PTEN inhibitor and CVB3 infection (Fig. 4F and G).
Overexpression of p-Akt and loss of PTEN expression in NSCLC

Cancer Res; 72(10) May 15, 2012

Cancer Research

Downloaded from cancerres.aacrjournals.org on May 28, 2012
Copyright © 2012 American Association for Cancer Research



Published OnlineFirst March 29, 2012; DOI:10.1158/0008-5472.CAN-11-3185

Coxsackievirus B3 in Oncolytic Virotherapy

A 300 B
& ] 1001 -+ Untreated
£ < Untreated — o CVB3 treated
E © CVB3treated S 80
> 200 < P=0.0008
g 7 60
S I
>
5 100] g 40
E ® [:%
3 - " 201
e o :
4] 2 4 8 8 10 12 0 10 20 30 40
Days after tumor inoculation Days after tumor inoculation
; C ) ~ 400 1007 -+ Untreated
F;?fﬁt"”* 5’* In V;"é’\;’é‘;"'g“‘? ?fieCF %k -+ Untreated = o CVB3 treated
of in re} umoral administration g 300 o CVB3 treated s 80 P=0.0004
on various human NSCLC © =4
xenografts. A549 {n =5 or 6; Aand C) g 7 60
or EBC-1 {n = 5; E) were B g
subcutaneously injected into the z 1] 401
right flanks of nude mice. Each 2 £
_ mouse received either a single dose Py
(A), or 5 doses (C and E) 0 )
of CVB3 intratumorally. Tumor ¢} 20 40 60
volumes are expressed as means = . N . .
SEM.* P <0,05?“ P<0.01. Kaplan— Days after tumor inoculation Days after tumor inoculation
Meier survival analyses are shown for E 300 F 100 o
CVB3-treated mice with the single c?c_‘ -+ Untreated _ -« Untreated
dose (B; P = 0.0008) or 5 doses £ < CVB3 treated g 80 < CVB3 treated
(D; A549, P = 0.0004; F; EBC-1, & 200 £ P=0.0035
P = 0.0035) of the CVB3. G, £ 7 60
administration of CVBS3 to the right 2 =
tumor was carried out to the nude Z 100 8 40
mice with bilateral tumors (0 = 5). g &
T, P <0.05 ", ', P<0.01. Each 3 20
symbol represents the statistical o4 0 :
significance of right () and left () 0 2 4 8 8 10 12 [¢} 20 40 60
lateral tumors between untreated 4 4 + . 3 .f 3 .
and CVB3-treated mice. H, Kaplan- Days after tumor inoculation Days after tumor inoculation
Meier survival analyses G H
of the mice in G are shown o 400 Untreated riat 100 -* 8{1/%%3(!%‘ |
- - Untreated ri — o reate!
(Pa0<002-1): l,tw-o days after the g = Untreated 16 g g0 P 0.0021
CVB3 administration, the cuiture £ 3001 o CVB3 treated left 2 =0
supernatants obtained from bilateral ‘é’ < CVBS3 treated right 3 g0
tumors were evaluated for oncolytic 2 200 g
activity against cultured A549 cells. g Tt 8 40
<] t b
1001
5 t o 20
= il T
% 3 2 10 12 % 10 20 30
4 4 ? % 4
Days after tumor inoculation Days after tumor inoculation
I
patients was reported to confer poor differentiation, distant cells after systemic chemotherapy (38, 39). These findings
metastasis, and poor prognosis (36). In addition, PI3K/Akt suggest that CVB3 treatment may be suitable for NSCLC
pathway-related genes are frequently activated in diverse patients refractory to conventional chemotherapies. In con-
buman cancers including NSCLC tumors (37), and cancer stem trast, our finding that PISK inhibition reduced CVB3
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production from NSCLC cells raises the possibility that the use
of PI3K inhibitors might regulate undesired CVB3 replication.
The activity of ERK, the downstream target of MEX in the
MEK/ERK survival pathway, was also closely correlated with
CVB3-mediated cytotoxicity. Enhanced activation of MEK/
ERK has been detected in 34% of 111 primary NSCLC patients
with lower survival, but not in normal lung tissue (40, 41),
providing further insight into the interplay of CVB3 replication
with cellular components to improve antitumor efficacies.

It is noteworthy that intratumoral CVB3 administrations
showed significant antitumor effects against A549 adenocar-
cinoma xenografts resistant to radiotherapy (42) and the EGFR
tyrosine kinase inhibitor, gefitinib (43), EBC-1 squamous cell
carcinoma (Fig. 5E and F), and H1299 adenocarcinoma xeno-
grafts (Supplementary Fig. S3), indicating that CVB3 could be a

favorable therapeutic agent for patients with advanced NSCLC
refractory to conventional radiotherapies and/or molecular
targeted therapies.

Intratumoral CVB3 administration into one of 2 bilateral
subcutaneous xenografts elicited significant suppression of
growth of the distant uninjected tumors in which oncolytic
CVB3 progeny could be detected. This implies that the admin-
istered CVB3 replicated, and its progeny circulated via the
blood or lymphatic system and infected distant tumors, which
is a beneficial for the systemic treatment of metastatic or
disseminated tumors.

For toxicity evaluation, we conducted biochemical and
histologic assays during CVB3 treatment. CVB3 administration
induced moderate hepatic dysfunction (Supplementary
Fig, S4A), with no histologic evidence of active hepatitis
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(Supplementary Fig. S4B). There have been no reports of
human hepatitis caused by CVB3 infection. Elevated creatinine
kinase was found in the sera of CVB3-treated mice, with
histologic evidence of mild myocarditis, but no cytopathic
damage in the lungs or kidneys (Supplementary Fig. S4B).
Although human CAR mRNA is expressed in the heart (44),

CVB3 possibly causes severe myocarditis in infants only (45),
suggesting its relatively mild side effects in use for adult
patients.

As oncolytic virotherapy is expected to promote inflamma-
tory DAMP within the tumor, which is beneficial for effective
antitumor immune responses, it. is important to assess
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whether oncolytic viruses generate immunogenic cell death
(18). CVB3 infection induced these immunogenic changes such
as CRT exposure, release of extracellular ATP, and HMGB1
translocation in NSCLC cells (Fig. 6). Upon propagation of
oncolytic virus, alterations in the repertoire of immune cells in
tumor microenvironment can restore inherent antitumor
immunity (46), through inductions of interferons and/or cyto-
kines that activate NK cells and mature DCs {47, 48). Tumor-
infiltrating DCs have been shown to be impaired at maturation
(49). Media from malignant cells infected with reovirus pro-
moted maturation of DCs (46). Likewise CVB3 may alter the
immunologic microenvironment by accumulating diverse
mature DCs into tumors (Fig. 7C), probably because the
single-stranded RNA genome converts dysfunctional DCs into
functional DCs after ligation of retinoic acid-inducible gene-1
(RIG-1)-like receptors (50). Indeed, CVB3 intervention was
shown to shape NK cell polarization with antitumor effects,
possibly through promoted recruitment of cytolytic CD107a™
NK cells into xenografts (Fig. 7D and E). Contribution of
neutrophils to the antitumor effects may be partially due to
IFN-B production following CVB3 administration, as IFN-} can
instruct neutrophils to possess an antitumor phenotype (51).
These immunostimulatory properties of CVB3 on innate
immunity may subsequently prime effective generation of
adaptive immunity synergizing with direct oncolytic activities.
After showing that TC-1 syngeneic mouse NSCLC cells were
susceptible to in vitro CVB3 infection (Supplementary Fig,
S5A), to further evaluate the effects of T cell-mediated cellular
immunity on the oncolytic effects of CVB3,; we treated immu-
nocompetent mice with TC-1 tumors with a single CVB3
intratumoral administration, which significantly inhibited
TC-1 tumor development in a dose-dependent manner {P <
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Abstract

Background and Aims: Although CD30 has long been recognized as an important marker in
many lymphomas of diverse origin, and as an activation molecule on B and T cells, its
primary function has remained obscure. Soluble CD30 (sCD30) is released from CD30 on the
cell membrane by enzymatic cleavage. This study investigated the role of CD30 ligand
(CD30L)/CD30 signals in intestinal mucosal damage. Methods: Serum sCD30 in patients
with ulceraﬁve colitis (UC) and Crohn’s disease (CD) and healthy: individuals was assessed.
A model of enteritis induced by anti-CD3 monoclonal antibody injection was' studied in
wild-type mice and in CD30L knockout mice. Results: Increased sCD30 was observed in UC
and CD patients, and the level was correlated with diseasé activity’in both conditions. In a
murine model of enteritis, histological intestinal damage was significantly reduced in CD30L
knockout mice with decreased Thl and Thl7 cytokine levels. Moreover, blocking of
CD30L/CD30 signals by CD30—immunoglobulin (CD30-Ig) resulted in reduced
inflammation. Conclusions: Increased sCD30 expression 'correlating with }diseas4e activity
suggested that CD30L/CD30 signals play an important role in pathogenesis of UC and CD.
CD30L/CD30 pathway acts as an accelerator of enteritis in a murine disease model.
Successful blockade of enteritis by CD30~Ig suggests a potential tool for future therapy of
iﬁﬂammatory bowel diseases.

Keywords CD30, CD30 ligand, Inflammatory bowel disease, Ulcerative colitis, Crohn’s

disease
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Introduction

CD30 and CD30 ligand (CD30L) are glycoproteins that belong to the tumor necrosis
factor receptor (TNFR) and tumor necrosis factor (TNF) superfamily, respectively [1, 2].
CD30 is expressed by activated lymphoid and lymph node cells in the parafollicular area,
decidua, and in endometrial cells with deciduoid changes. The extracellular part of
membrane-bound CD30 can be proteolytically cleaved by the action of a zinc metalloprotease
[3], which produces a soluble form of CD30 (sCD30) with a molecular mass of 85/90 kDa.
Elevated levels of sCD30 have been observed in patients with various diseases such as
systemic lupus erythematosus, rheumatoid arthritis and human immunodeficiency virus-1
infection [4]. The source of sCD30 is assumed to be CD30-expressing cells. Although its
function remains to be clarified, sCD30 can bind to CD30L and block the interaction between
CD30 and its ligand. CD30L/CD30 signaling is thought to augment T and B cell
differentiation and proliferation, and negative selection of T cells in the thymus [2, 5-9]. We
have previously reported that triggering of CD30 signals in é lymphoma cell line caﬁ
down-modulate lymphocyte effector function and proliferation, while directing the cells to

lymph nodes and increasing their susceptibility to certain apoptotic signals [10]. We have

- constructed CD30L knockout mice (CD30LKO), and have found that CD30L/CD30 signals

play potent roles in regulation of CD4" T-cell-mediated graft-versus-host disease [11], and in
the differentiation of long-lived central memory CD8" T cells following infection [12].
Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s
disease (CD), is of unknown etiology. Recent reports have suggested that chronic
inflammation occurs as consequence of aberrant intestinal immune responses to the bacterial
microflora in genetically susceptible individuals [13]. It is believed that T cells, especially T
helper (Th) cells, play a crucial role in disease development. Some reports have suggested
that Th cells in the intestinal mucosa in CD are polarized to Thl and to Th2 in UC [13]. In

4
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addition, recent evidence has suggested that a new Th subset, Th17, is implicated in the
pathogenesis of CD and UC [14, 15]. As regards the involvement of CD30L/CD30 signaling
in IBD, serum sCD30 concentration is elevated in UC but not in CD [16]. We have reported
previously [17] that an experimental colitis model induced by oxazolone enema was
worsened in CD30LKO mice with increased expression of Th2 cytokines including
interleukin (IL);4 and TL-13. On the icontrary, CD30LKO mice were resistant fo another
experimental colitis by trinitrobenzene sulfonic acid (TNBS) enema, with significant
reduction in Th1 cytokine, interferon (IFN)-y expression. The latter showed the involvement
of CD30L/CD30 signaling in Thl-mediated colitis and is inconsistent with the former, which
suggests that CD30L/CD30 signals play a role in Th2 responses in UC [16]. We thus
considered that many issues remained to be clarified about the role of VCD30L/CD3O
pathways in the pathogenesis of IBD. To address such issues, we 'investigated the expression
of sCD30 in IBD patients and the effect of inhibiting CD30L/CD30 signals in a murine

experimentai model of enteritis.

Methods

Patients

All patients in this study were admitted to Kyushu University Hospital, Saiseikai
Fukuoka General Hospital, National Fukuoka-Higashi Medical Center, or Harasanshin
Hospital between 2003 and 2004. The protocol was approved by the institutional ethical
committee at all institutions. ‘Written informed consent was obtained from all patients. We
obtained peripheral blood samples from 25 UC patients, 16 CD patients, and 12 hospital
employees as control subjects. Nine UC and five CD patients were subjected to examination
before and after medical treatment. For diagnosis of UC, all patients underwent colonoscopy

and a pathological examination of a colonic biopéy sample, to rule out CD, ischemic colitis,

5
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or infectious colitis. The disease activity was scored according to the Rachmilewitz Clinical
Activity Index [18]. CD patients underwent colonoscopy and/or X-ray examination of the
small intestine, and a diagnosis was made based on the presence of typical lbngitudinal ulcers
and/or a cobblestone appearance, and in some cases, the detection of granuloma by
histological examination. UC, ischemic colitis, Behget’s disease, and infectious enterocolitis

were all ruled out.

Mice

BALB/cN Sg:a mice were purchased from Kyudo (Saga, Japan). CD30LKO mice on a
BALB/c background were obtained by backcrossing CD30LKO mice with wild-type (WT)
BALB/c mice for more than nine generations [11]. Genotypes of CD30LKO mice were
screened by PCR as described previously [11]. All mice were 8—12 weeks of age, housed in a

pathogen-free facility, and handled according to the recommended guidelines of the Animal

Centre of Kyushu University.

Reagents

Anti-mouse CD3 monoclonal antibody (mAb) (145-2C11) was purchased from R&D
Systems (Minneapolis, MN, USA), or purified from culture supernatant of a hybridoma
purchased from American Type Culture Collection (Manassas, VA, USA). To produce
recombinant protein CD30-immunoglobulin (CD30-Ig), mtirine CD30 cDNA was truncated
at the extracellular domain next to the transmembrane segment (nucleotide 906) and fused to

the hinge region of murine IgG1, as described previously [6].

sCD30

sCD30 concentrations in human serum were determined by a specific ELISA kit
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purchased from Bender Med Systems (Burlingame, CA, USA). sCD30 concentration in

mouse serum was determined by a specific ELISA kit (GT, Minneapolis, MN, USA).

Experimental Enteritis Model of Anti-CD3 mAb Injection

Anti-CD3 induced enteritis is a well-established experimental model of
T-cell-dependent enteritis in mice [19]. The toxic effects of anti-CD3 antibody are caused by
activated CD4¥ and CD8" effector cells in the gut mucosa. WT and CD30LKO mice were
injected i.p. with 100 pg anti-CD3 mAb in 500 pl PBS. After 2, 4, 24 and 72 h, peripheral
blood was obtained and analyzed. Body weight was measured every day after injection of
anti-CD3 mAb. Mice injected with anti-CD3 mAb were killed 24 h after injection, and the
terminal ileum was removed. The tissue sections were stained with hematoxylin and eosin
(H&E) and examined by optical microscopy. The occurrence of apoptosis in the ileal section
was assessed by TUNEL staining using the in sifu Apoptosis Detection Kit (Takara Bio,

Shiga, Japan)

Cytokine Measurement
Peripheral blood was collected from mice at 2 or 4 h after the injection of anti-CD3
antibodies. Sera were separated by centrifugation (4°C, 200 g, 20 min). TNF-o0, IFN-y, IL-4

and IL-17 concentrations in mouse serum were determined with specific ELISA kits (GT).
Statistical Analysis

Student’s ¢ test was used for statistical comparisons between two groups. P < 0.05 was

considered statistically significant.

Results
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Expression of CD30 in IBD

We analyzed sera obtained from 25 UC and 16 CD patients, and 12 healthy volunteers,
whose demographics are summarized in Table 1. The levels of sSCD30 in UC and CD patients
were significantly higher than those in healthy subjects (Fig. 1A). To investigate the
relationship between disease activity and sCD30 expression, levels of sCD30 measured
before and after treatment were compared in 9 UC and five CD patients (Fig. 1B). Disease
activity was reduced in all patients after treatment; similarly, serum levels of sCD30
decreased after treatment in all but one patient with UC. sCD30 levels and clinical scores in
UC and CD were assessed and were found to be significantly correlated (Fig. 1C). sCD30 is
thought be generated as a consequence of shedding of CD30 from the membrane of
CD30-expressing cells; therefore, these results suggested increased CD30 expression in IBD

in association with disease activity.

CD30LKO mice are Resistant to Anti-CD3 Antibody Enteritis

To wvalidate a role for CD30 signals in mucosal immunity, we studied
anti-CD3-induced enteritis in WT and CD30LKO mice. In this model, the systemic
administratioﬁ of anti-CD3 induces small bowel inflammation and causes diarrhea,
piloerection, and changes in overall mobility [19]. We analyzed levels of serum sCD30 in WT
mice by ELISA after injection of anti-CD3 antibody. Serum sCD30 levels increased after
anti-CD3 antibody treatment and reached a peak at 24 h (Fig. 2), which suggested
upregulation of CD30 expression.

To’ examine the impact of the absence of CD30 signals on anti-CD3-induced enteritis,
changes in body weight of WT and CD30LKO mice were measured daily after administration
of anti-CD3 (Fig. 3A). Body weight loss in CD30LKO mice was significantly less than that

in WT mice at days 2, 4, 5, 6 and 7, which indicated that the absence of CD30 signals



