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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 mem-
brane by enzymatic cleavage. This study investigated the
role of CD30 ligand (CD30L)/CD30 signals in intestinal
mucosal damage.

Methods Serum sCD30 in patients with ulcerative 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.
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Results Increased sCD30 was observed in UC and CD
patients, and the level was correlated with disease activity
in both conditions. In a murine model of enteritis, histo-
logical intestinal damage was significantly reduced in
CD30L knockout mice with decreased Thl and Thl7
cytokine levels. Moreover, blocking of CD30L/CD30 sig-
nals by CD30-immunoglobulin (CD30-Ig) resulted in
reduced inflammation.

Conclusions Increased sCD30 expression correlating
with disease 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
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CD30-Ig suggests a potential tool for future therapy of
inflammatory bowel diseases.

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

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 extracellu-
lar 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 molec-
ular 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 aug-
ment 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
a lymphoma cell line can 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 ulcera-
tive colitis (UC) and Crohn’s disease (CD), is of
unknown etiology. Recent reports have suggested that
chronic inflammation occurs as a consequence of aber-
rant intestinal immune responses to the bacterial micro-
flora 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 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
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[17] that an experimental colitis model induced by
oxazolone enema was worsened in CD30LKO mice with
increased expression of Th2 cytokines including inter-
leukin (IL)-4 and IL-13. On the contrary, CD30LKO
mice were resistant to another experimental colitis by
trinitrobenzene sulfonic acid (TNBS) enema, with sig-
nificant reduction in Thl cytokine, interferon (IFN)-y
expression. The Ilatter 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 CD30L/CD30 pathways in the
pathogenesis of IBD. To address such issues, we inves-
tigated the expression of sCD30 in IBD patients and the
effect of inhibiting CD30L/CD30 signals in a murine
experimental model of enteritis.

Methods
Patients

All patients in this study were admitted to Kyushu Uni-
versity 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 treat-
ment. For diagnosis of UC, all patients underwent colon-
oscopy and a pathological examination of a colonic biopsy
sample, to rule out CD, ischemic colitis, 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 longitudinal ulcers and/or a cobble-
stone 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 Sea 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].
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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-immunoglob-
ulin (CD30-Ig), murine 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 purchased from Bender Med Systems
(Burlingame, CA, USA). sCD30 concentration in mouse
serum was determined by a specific ELISA kit (GT, Min-
neapolis, MN, USA).

Experimental Enteritis Model of Anti-CD3 mAb
Injection

Anti-CD3 induced enteritis is a well-established experi-
mental 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 ng
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 situ 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 x g, 20 min). TNF-o, IFN-7,
IL-4, and IL-17 concentrations in mouse serum Wwere
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
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 sCD30 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 nine
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 to 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 validate a role for CD30 signals in mucosal immunity,

we studied anti-CD3-induced enteritis in WT and
Table 1 Patient demographics

Healthy controls UC CD
Number 12 25 16
Male:female 6:6 15:10 10:6
Age 33.6 36.5 36.8

(years; mean)

Affected area Pancolitis: Without colonic
19 lesion: 5
Left-sided: With colonic
5 lesion: 11

Proctitis: 1

Treatment 5-ASA: 22 5-ASA: 10
Steroid: 12 Steroid: 2
Apheresis: 7 Infliximab:

1

ASA 5-aminosalicylic acid
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Fig. 1 Expression of sCD30 in *
serum of IBD patients. A | ‘ B
a Concentration of sCD30 in N U/mL uc U/mL
serum obtained from 12 healthy m ,;\ 80
controls and 25 UC and 16 CD U/mL 120 70
patients was analyzed by 100 1 o 100 _”
sCD30-specific ELISA. ° 60
Open circles represent medians ! ° 80 50 1
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CDAI Crohn’s disease activity 100 uc P<0.01 100 P<0.05
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CDAI
sCD30 P<0.01 enteritis. Differences in the histopathology of enteritis
1000 induced by anti-CD3 in WT and CD30LKO mice were
800 assessed at 24 h after injection. The absence of CD30L was
E associated with diminished anti-CD3-induced inflamma-
E_) 600 tion in the terminal ileum (Fig. 3b), with inhibition of
400 reduction in the villous/crypt length ratio (Fig. 3c).
Apoptotic bodies detected by TUNEL staining were
200 . . .
j . [ counted in five villous crypt units of each group of WT and
0 ohr ohr ahr oahr p— CD30LKO mice (Fig. 3d). The average number of apop-

Fig. 2 sCD30 expression in an anti-CD3-induced enteritis model.
Time-course of sCD30 levels in mouse serum detected by ELISA at 0,
2, 4, 24, and 72 h after injection of anti-CD3. Serum sCD30 at 24 h
after injection was significantly higher than that at 0 h

CD30LKO mice. In this model, the systemic administra-
tion 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 sug-
gested 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 diminished anti-CD3-induced
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totic bodies in CD30LKO was significantly lower than that
in WT mice (Fig. 3e). In addition, serum levels of IFN-y
(Fig. 4a), TNF-o« (Fig. 4b), and IL-17 (Fig. 4c) in
CD30LKO were significantly lower than those in WT
mice. The level of IL-4 was not significantly altered
(Fig. 4d). These results indicated that inflammation of the
intestine induced by anti-CD3 antibody was reduced in the
absence of CD30L/CD30 signals.

Recombinant Fusion Protein CD30-Ig Suppresses
Anti-CD3-induced Enteritis

Recombinant fusion protein (CD30-Ig) contained the
extracellular domain of CD30 fused to the hinge, CH2, and
CH3 domains of murine IgG1, as described previously [6].
CD30-Ig has appropriate binding activity for the CD30L
and blocks CD30L/CD30 signals. One hundred micro-
grams of CD30-Ig was administered to WT mice i.p. 1 h
before and after injection of anti-CD3 mAb. The terminal
ileum was removed from mice 24 h later, and tissue sec-
tions were stained with H&E and examined by optical
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Fig. 3 CD30LKO mice were resistant to anti-CD3-induced enteritis.
a Body weight changes in WT and CD30LKO mice were measured
every day after injection of anti-CD3 mAb. The body weight losses in
CD30LKO mice were less than those in WT mice at days 2, 4, 5, 6,
and 7 (average of five mice), *p < 0.05. b Histological findings of
anti-CD3-induced enteritis in WT and CD30LKO mice. Terminal
ileum was removed from mice injected with anti-CD3 mAb at 24 h

Fig. 4 Serum IFN-y was
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after injection. Tissue sections were stained with H&E and examined
by optical microscopy. ¢ Five villous crypt units were measured in
each mouse. The average villous/crypt length ratio was calculated
from three mice in each group. d Terminal ileum was removed 24 h
after injection, and apoptotic bodies were detected by TUNEL
staining. e The number of apoptotic bodies was counted in five villous
crypt units of each group of mice
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Fig. 5 Recombinant fusion A
protein CD30-Ig suppressed
anti-CD3-induced enteritis.

a CD30-Ig (100 pg) was
injected i.p. 1 h before and after
injection of anti-CD3 mAb.
Terminal ileum was removed
from mice at 24 h after injection
of anti-CD3 mAb. Tissue
sections were stained with H&E
and examined by optical
microscopy. b Five villous crypt
units were measured in each
mouse. The average villous/
crypt length ratio was calculated
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Number of apoptotic bodies O
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microscopy (Fig. 5a). Enteritis was significantly reduced in
mice that received CD30-Ig. Similar to the experiment
with CD30LKO, villous crypt units were measured and
villous/crypt length ratio was significantly greater in
CD30-Ig-treated mice than in controls (Fig. 5b). Further-
more, the number of apoptotic bodies and the level of
serum IFN-y were also diminished in mice that received
CD30-Ig (Fig. 5¢c, d).

Discussion

The role of CD30L/CD30 signals in mucosal immunity has
not received much attention. Giacomelli et al. [16] have
reported elevated levels of sCD30 in UC patients. On the
contrary, in CD patients, the levels of sCD30 were not
significantly higher than those of normal controls. They
concluded that, as CD30-expressing cells produce Th2
cytokines, these differences come from the Th2 immune
response in UC. Likewise, Elewaut et al. [20] have reported
that lymphocytes obtained from UC patients overexpress
CD30 when compared to those from CD patients. These
studies have indicated that CD30L/CD30 signals play a
more important role in UC than in CD. However, after the
discovery of Thl7 cells, Th reactions in human disorders
need to be considered in a new axis of Th1/Th2/Th17
rather than a classical Th1/Th2 paradigm. Therefore, the
involvement of Th2 reactions in the pathogenesis of UC
needs to be re-evaluated. We thus considered that many
issues remained to be investigated on the role of CD30L/
CD30 signaling in IBD and conducted this current study.

@ Springer

anti-CD3Ab+CD30Ig

anti-CD3Ab anti-CD3Ab+CD30Ig

Contrary to a previous report, we found sCD30 levels were
elevated in both CD and UC patients, and were correlated
with disease activity. To clarify the reason for these con-
tradictions, analysis of larger numbers of patients is nee-
ded. Nevertheless, our results suggest that CD30L/CD30
signals play some role in the development of intestinal
inflammation in IBD.

Anti-CD3 antibody enteritis is induced purely by acti-
vated T cells. It is a useful murine enteritis model for
discerning the role of T cells in enteritis. Merger et al. [19]
have reported that apoptosis and mucosal injury are sig-
nificantly reduced in perforin knockout mice, and a further
significant reduction is observed in mice with perforin and
Fas ligand (FasL) knockout. Both FasL. and CD30L are
members of the TNF superfamily. We have reported pre-
viously that the CD30 signal induces perforin expression
[10]. Thus, we used the anti-CD3-induced enteritis model
to analyze CD30L/CD30 signals in CD30LKO mice. As
expected, serum sCD30 increased at a peak of 24 h after
anti-CD3 antibody injection. sCD30 recovered to normal
levels at 72 h after injection of anti-CD3, with recovery of
intestinal mucosa indicating that sCD30 level reflected
severity of inflammation. These results suggest that
reduced sCD30 after treatment in IBD patients is also
caused by convergence of disease activity, and is not
simply caused by immunosuppressants.

Recently, we have reported that oxazolone and TNBS
induce colitis in CD30LKO mice [17]. We have found that
CD30LKO mice are susceptible to oxazolone-induced
colitis but are resistant to TNBS-induced acute colitis, and
have concluded that CD30L plays a crucial role in
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deviating CD30™ Th cells to Th1 cells in the colon [17]. In
anti-CD3-induced enteritis, body weight loss, histological
appearance, and serum levels of IFN-y and IL-17 were
significantly suppressed in CD30LKO mice, which sug-
gests that CD30L/CD30 signals deviate Th cells not only to
Thl but also to Th17 phenotype. In addition, CD30-Ig
fusion protein, which blocks CD30L, significantly
decreased disease activity of anti-CD3-induced enteritis in
WT mice, which ruled out other genetic effects due to
CD30L deletion in CD30LKO mice. Compared to the
agonistic anti-CD30 mAb used in the former study [17],
CD30-Ig fusion protein blocked CD30L/CD30 signals and
was shown to be suitable for reduction of enteritis in vivo.
These results suggest that blocking agent of CD30L/CD30
signaling, such as CD30-Ig or antagonistic anti-CD30
antibodies could be new therapeutic tools for IBD.

In this study, the decrease in weight changes in
CD30LKO mice in comparison with WT mice was rela-
tively small and did not correlate with the marked differ-
ences in histology and the number of apoptotic cells.
However, it correlated well with relatively small differ-
ences in cytokine productions between CD30LKO and WT
mice. It was therefore suggested that weight loss in this
model may be due to the augmented expression of
inflammatory cytokines as well as intestinal tissue damage
itself. Improvement of inflammation seemed less efficient
by the blocking of CD30-signal in CD30LKO mice than in
the CD30-Ig-treated mice, especially in inflammatory
cytokine production. This might be because of the redun-
dancy of CD30L/CD30-signaling. It is well known that
TNF/TNFR-signaling is frequently redundant. It is, there-
fore, reasonable to consider that another signal was aug-
mented to overcome the absence of CD30-signaling in
CD30LKO mice. Such mechanism does not work in CD30-
Ig-treated mice.

In summary, we showed that expression of sCD30 was
elevated in patients with UC and CD, suggesting the
involvement of CD30L/CD30 signaling in the pathogen-
esis of IBD. Using a murine enteritis model and recom-
binant protein CD30-Ig, we clarified that CD30L/CD30
signals play an important role in induction of enteritis in
mice. We also introduced a new strategy for treatment of
IBD and other diseases in which CD30L/CD30 signals are
involved.

Acknowledgments The authors wish to thank Dr. K. Croitoru and
Dr. R. Borojevic for their helpful advice in the histological evalua-
tion, and Dr. N. Aoi for his technical advice with ELISA. This work
was supported in part by Health and Labour Science Research Grants
from the Japanese Ministry of Health, Labour and Welfare.

Conflict of interest The authors have no conflicts of interest to
declare.

References

1. Durkop H, Latza U, Hummel M, et al. Molecular cloning and
expression of a new member of the nerve growth factor receptor
family that is characteristic for Hodgkin’s disease. Cell.
1992;68:421-427.

2. Smith CA, Gruss HJ, Davis T, et al. CD30 antigen, a marker for
Hodgkin’s lymphoma, is a receptor whose ligand defines an
emerging family of cytokines with homology to TNF. Cell.
1993;73:1349-1360.

3. Hansen HP, Kisseleva T, Kobarg J, et al. A zinc metallopro-
teinase is responsible for the release of CD30 on human tumor
cell lines. Int J Cancer. 1995;63:750-756.

4. Horie R, Watanabe T. CD30: expression and function in health
and disease. Semin Immunol. 1998;10:457-470.

5. Gilfillan MC, Noel PJ, Podack ER, Reiner SL, Thompson CB.
Expression of the costimulatory receptor CD30 is regulated by
both CD28 and cytokines. J Immunol. 1998;160:2180-2187.

6. Bowen MA, Lee RK, Miragliotta G, Nam SY, Podack ER.
Structure and expression of murine CD30 and its role in cytokine
production. J Immunol. 1996;156:442-449.

7. Amakawa R, Hakem A, Kundig TM, et al. Impaired negative
selection of T cells in Hodgkin’s disease antigen CD30-deficient
mice. Cell. 1996;84:551-562.

8. Cerutti A, Schaffer A, Shah S, et al. CD30 is a CD40-inducible
molecule that negatively regulates CD40-mediated immuno-
globulin class switching in non-antigen-selected human B cells.
Immunity. 1998;9:247-256.

9. Gruss HJ, Boiani N, Williams DE, et al. Pleiotropic effects of the
CD30 ligand on CD30-expressing cells and lymphoma cell lines.
Blood. 1994;83:2045-2056.

10. Muta H, Boise LH, Fang L, Podack ER. CD30 signals integrate
expression of cytotoxic effector molecules, lymphocyte traffick-
ing signals, and signals for proliferation and apoptosis. J Immu-
nol. 2000;165:5105-5111.

11. Blazar BR, Levy RB, Mak TW, et al. CD30/CD30 ligand
(CD153) interaction regulates CD4 + T cell-mediated graft-
versus-host disease. J Immunol. 2004;173:2933-2941.

12. Nishimura H, Yajima T, Muta H, et al. A novel role of CD30/
CD30 ligand signaling in the generation of long-lived memory
CD8 + T cells. J Immunol. 2005;175:4627-4634.

13. Siminovitch KA. Advances in the molecular dissection of
inflammatory bowel disease. Semin Immunol. 2006;18:244-253.

14. Kobayashi T, Okamoto S, Hisamatsu T, et al. IL23 differentially
regulates the Th1/Th17 balance in ulcerative colitis and Crohn’s
disease. Gut. 2008;57:1682-1689.

15. Holttd V, Klemetti P, Sipponen T, et al. IL-23/IL-17 immunity as a
hallmark of Crohn’s disease. Inflamm Bowel Dis. 2008;14:1175-1184.

16. Giacomelli R, Passacantando A, Parzanese I, et al. Serum levels
of soluble CD30 are increased in ulcerative colitis (UC) but not in
Crohn’s disease (CD). Clin Exp Immunol. 1998;111:532-535.

17. Sun X, Somada S, Shibata K, et al. A critical role of CD30 ligand/
CD30 in controlling inflammatory bowel diseases in mice. Gas-
troenterology. 2008;134:447-458.

18. Rachmilewitz D. Coated mesalazine (5-aminosalicylic acid)
versus sulphasalazine in the treatment of active ulcerative colitis:
a randomised trial. BMJ (Clin Res Ed). 1989;298:82-86.

19. Merger M, Viney JL, Borojevic R, et al. Defining the roles of
perforin, Fas/FasL, and tumour necrosis factor alpha in T cell
induced mucosal damage in the mouse intestine. Gut. 2002;51:
155-163.

20. Elewaut D, De Keyser F, Cuvelier C, et al. Distinctive activated
cellular subsets in colon from patients with Crohn’s disease and
ulcerative colitis. Scan J Gastroenterol. 1998;33:743-748.

@ Springer



	CD30 Ligand/CD30 Interaction Is Involved in Pathogenesis of Inflammatory Bowel Disease
	Abstract
	Background and Aims
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients
	Mice
	Reagents
	sCD30
	Experimental Enteritis Model of Anti-CD3 mAb Injection
	Cytokine Measurement
	Statistical Analysis

	Results
	Expression of CD30 in IBD
	CD30LKO Mice Are Resistant to Anti-CD3 Antibody Enteritis
	Recombinant Fusion Protein CD30-Ig Suppresses Anti-CD3-induced Enteritis

	Discussion
	Acknowledgments
	References


