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Abstract

The importance of sphingosine kinase (SphK) and sphin-

gosine-1-phosphate (S1P) in inflammation has been ex-

tensively demonstrated. As an intracellular second mes- SPHINGOLIPIDS

senger, S_l_P p_Iays an |mportanF rOIe_ in calcium s_lgnallng Sphingolipids represent a major class of lipids that are
and mobilization, and cell proliferation and survival. Ac- ubiquitously expressed in eukaryotic cell membranes.

tivation of variou_s plasma membrane rt_aceptors, such as They wete first discovered by Thudichum JLW in 1876,
the formyl methionyl leucyl phenylalanine receptor, C5a . . .
: who named the chemical backbone of sphingolipids after
receptor, and tumor necrosis factor o receptor, leads to . . 3 . .
a rapid increase in intracellular S1P level via SphK stimu- the mythological beast, the Sphinx, for their enigmatic
P P ‘Sphinx-like’ properties. Sphingolipids ate characterized by

lation. SphK and S1P are implicated in various chronic . . b . .
autoimmune conditions such as rheumatoid arthritis, ~ ¢* SPhingoid backbone, and primary structural roles in
¢ membrane formation. Apart from their structural func-

primary Sjogren’s syndrome, and inflammatory bowel . X i
disease. Recent studies have demonstrated the important ~ tions, they have ﬁ}nerged as the source of important sig-
role of SphK and S1P in the development of arthritis by nahﬂg mélecules > and[z%re poFenmgHy myolved in parl}o-
regulating the pro-inflammatory responses. These novel ~ Physiological processes™". Sphingosine kinase (SphK) is a

pathways represent exciting potential therapeutic targets. ey enzyme in the sphingolipid metabolic pathway because
it provides an essential checkpoint that regulates the rela-
© 2010 Baishideng. All rights reserved. tive levels of ceramide, sphingosine, and S1pH. Following
stimulation of various plasma membrane receptors, an
Key words: Cytokines; Inflammation; Rheumatoid ar- enzymatic cascade is activated and sphingosine is rapidly
thritis; Sphingosine kinase; Sphingosine-1-phosphate metabolized into sphingosine-1-phosphate (S1P) by SphK.
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S1P

Bioactive lysophospholipid, S1P, is a unique signaling mol-
ecule that has the ability to act as an intracellular second
messenger, as well as an extracellular stimulus through
specific G-protein coupled receptors” . To date, five S1P
receptors, S1Ps™" which belong to the endothelial-
differentiating gene family, have been discovered. Binding
of S1P to these receptors triggers a wide range of cellular
responses including proliferation, enhanced extracellular
matrix assembly, stimulation of adherent junctions, forma-
tion of actin stress fibers, and inhibition of apoptosislll’]Sl.
These receptors mediate their diverse cellular functions
through differential coupling to various heterotrimeric
G-proteins and through heterogeneity in their expression
patterns''”. S1P has also been proposed to play an intracel-
lular role as a second messenger after observations that
stimulation of various plasma membrane receptors, such
as the platelet-derived growth factor receptor! ', FeyR I
and FceR | antigen receptorsmm, the formyl methionyl
leucyl phenylalanine receptor™, the C5a receptor™*, and
tumor nectosis factor (INF)-o receptor™ trigger rapid
production of S1P through SphK activation. Moreover, in-
hibition of SphK strongly reduced cellular events triggered
by these receptors, such as receptor-triggered DNA syn-
thesis, calcium mobilization and vesicular trafﬁckingmzz],

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic and symmetric
polyarthritis with a prevalence of 1% in the industrial-
ized world. RA is characterized by chronic inflammatory
infiltration of the synovial membrane, which is associated
with the destruction of cartilage and undetlying bone. In
particular, within inflamed RA synovial membrane, the
levels of pro-inflammatory cytokines [INF-q, interleukin
(IL)-1B, 1L-6, I11.-15 and I1-17) exceed those of anti-in-
flammatory agents, and this probably contributes directly
to cartilage and bone erosion through promoting matrix
metalloproteinase (MMP) production and dysregulated
chondrocyte/osteoclast function™.

SphK/S1P SIGNALING AND CHEMOTAXIS
IN RA

S1P plays a crucial role in homing of immune cells to
lymphoid organs, and in controlling their egress into the
blood and lymph. An important factor that drives such
egression is the S1P gradient that exists between the tis-
sues (which have low S1P levels) and the blood/lymph
(which have high S1P levels). One of the five S1P recep-
tors, S1P1, has been shown to be involved in the egression
of B and T cells from the peripheral lymphoid organs®™,
and for the exit of mature T cells from the thymus™.
Furthermore, it has been shown that S1P plays a central
role in leukocyte chemotaxis in purified human peripheral
blood neutrophils, eosinophils, monocytes and macto-
phages™*". We have found that the concentration of S1P
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in synovial fluids from patients with RA is significantly
higher than that from those with osteoarthritis, a degen-
erative joint disease. This increase in S1P level due to the
chronic inflammation in RA could be responsible for the
recruitment and retention of the immune infiltrates in the
synoviurnm. Indeed, in a murine collagen-induced arthritis
(CIA) model, we demonstrated that, by inhibiting SphK
activity using a pharmacological inhibitor, N, N-dimethyl-
sphingosine (DMS), adjacent cartilage and bone erosion,
synovial hyperplasia, and inflammatory infiltration into
the joint compartment, were clearly markedly suppressed
as compared to the control group that received PBS. A
similar result was observed using the siRNA approach to
knockdown SphK1 isoform, whereby serum S1P level is
lowered and joint pathologies reduced”.

SphK/S1P AND AUTOIMIMUNE B CELLS

Mature plasma cells that secrete autoantibodies™ are a

prominent cellular component of rheumatoid synovium.
The classical autoantibody associated with RA is rheuma-
toid factor (RF), which is an antibody directed against the
Fc portion of IgG. However, RF can be detected in other
rheumatic diseases, infectious diseases, and even in 3%-5%
of apparently healthy individuals. The current diagnostic
marker used in the clinics now is the anti-cyclic citrul-
linated peptide (CCP) antibody. Anti-CCP antibody can
be detected years before onset”™, and it has been shown
that anti-CCP antibody cortelates with a more erosive
disease™. In addition to the classical role of autoantibody
production, it is now clear that B cells play a pivotal role
in activation of synovial T cells in the synovial tissue™.
The importance of B cells in RA is supported by the
moderate success of targeting CD20+ B cells with the
chimeric monoclonal anti-CD20 antibody, rituximab®™,
It is of interest that B-cell lines derived from RA patients
are uniquely resistant to Fas-mediated apoptosis, in part,
due to overactivity of SphK1, and overproduction of S1P,
which can inhibit apoptosis and regulate lymphoid migra-
tory pathways”". A follow-up study by the same group
has shown that the Fas death signaling aberration in RA
lymphoblastoid B-cell lines is caused by extracellular S1P,
which triggers phosphoinositide-3-kinase-dependent SphK
overactivity through a Gi protein-coupled receptor-medi-
ated signaling cascade™. In addition, FTY720-phosphate,
which binds to S1P receptors, causes rapid disappearance
of peritoneal B cells by inhibiting their emigration from
parathymic lymph nodes, and reduced peritoneal B-cell-
derived intestinal secretory IgA productionm]. In our study
using the CIA model, we also have found that the produc-
tion of anti-collagen IgG2a is lower in the serum of mice
administered DMS and SphK1 SIRNAP, Together, this
suggests that SIP plays an important role in regulating
B-cell survival, trafficking and antibody production.

SphK/S1P AND SYNOVIAL FIBROBLASTS

The high proliferative rate and erosive activity of RA
fibroblast-like synoviocytes (FLSs) implicate FLSs as im-
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portant contributors to chronic RA inflammation. In in-
flammatory arthritis, the FLSs become hyperplastic™, and
they closely interact with invading immune cells to form
the aggressive pannus tissue that invades and degrades
the cartilage and bone. Activated T lymphocytes in the
synovium drive FLS activation #a production of soluble
mediators or direct cell-cell contact™". These activated
FLSs then become potent producers of various effec-
tor molecules that act on a variety of cells (lymphocytes,
monocytes, mesenchymal cells) to modulate joint inflam-
mation and promote mattix degradation[44]

Elevated SphK1, S1P and S1P1 levels have been de-
tected in RA synovium, and S1P signaling »iz S1P1 has
been found to promote synoviocyte proliferation, inflam-
matory cytokine-induced cyclooxygenase-2 expression
and prostaglandin E2 productionl37’451. In human RA,
FLSs have been shown to express S1Pi, S1P2 and S1Ps
receptorsm]. Moreover, exogenously applied S1P induces
FLS migration, secretion of inflammatory cytokines/che-
mokines, and protection from apoptosis. Signaling via
S1P1 has been shown to be essential for survival, whereas
signaling via S1P1/S1Ps stimulates FLS migration, and
activation of S1P2/S1Ps enhances IL.-6 and IL.-8 secre-
tion. The effects of S1P on FLSs are further amplified by
addition of TNF-ql, which suggests that the cytokine-rich
environment of the inflamed synovium synergizes with
S1P signaling to exacerbate the clinical manifestations of
RA. More recently, SphK2 has been shown to be strongly
expressed in rheumatoid synovial fibroblasts'*”. In con-
trast to SphK1, which is normally found in the cytosol,
SphK2 expression is found in and around the nuclei.
Furthermore, SphK2 is responsible for FTY720-mediated
apoptosis in the synovial fibroblasts, which suggests that it
regulates autonomous proliferation of synovial fibroblasts.

SphK/S1P AND OSTEOCLASTS

S1P has also been shown to induce chemotaxis and regulate
migration of osteoclast precursors in culture and iz vive™
Cells with the properties of osteoclast precursors express
functional S1P1 receptors and exhibit positive chemotaxis
along an S1P gradient ## vitro. Osteoclast/monocyte lin-
eage-specific conditional S1P1 knockout mice show osteo-
porotic changes due to increased osteoclast attachment to
the bone surface, because these osteoclast precursors are
unable to recirculate from bone tissues to systemic blood
flow. Treatment with FI'Y720 ameliorates bone loss in a
murine model of postmenopausal osteoporosis by pro-
moting the recirculation of osteoclast precursor monocytes
from the bone surface. Furthermore, SphK activity and
S1P signaling can drive the production pro-inflammatory
cytokines, such as TNF-q,, IL-1f and IL-6, which stimulate
osteoclastogenesis and drive bone resorption.

INTERACTIONS OF S1P AND TH17 CELLS

Th17 recently has been designated as a unique subset
of CD4 T cells that are characterized by production of
IL.-17"" 11.-17 has been suggested to be an important
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cytokine in the pathogenesis of inflaimmatory and auto-
immune disease in animals and humans®". It has been
shown that the key to Th17 differentiation in mice is the
combination of transforming growth factor (TGF)-f and
116" and expands up to full potential in the presence
of 1L-23% In contrast, IL-1p is the most effective in-
ducer of IL-17 expression in human naive T cells. IL-6 and
IL-23 induce a small amount of 1L.-17 alone and greatly
enhance Th17 differentiation in the presence of TL-13"".

It has been reported recently in the murine model
that S1P has the same potential as IL.-23 i vitro to in-
crease proliferation and IL-17-secreting activity of T-cell-
receptor-activated CD4" T cells grown in the presence
of 1L-1pB, IL-6 and TGF—Bl[S()’éU]. The differentiation into
Th17 cells that is induced by S1P occurs with correspond-
ing suppression of Thl and Th2 cytokine production,
interferon (IFN)-y or 1L-4, respectivelyléoj. Furthermore,
the introduction of FTY720 into cultures of Th17 cells
that develop under the influence of S1P substantially sup-
presses generation of IL-17,

ROLE SphK/S1P IN CELL-CONTACT-
MEDIATED PRO-INFLAMMATORY
CYTOKINE PRODUCTION

Studies pioneered by Dayer and colleagues, as well as work
from several other laboratories, have demonstrated that
direct contact with stimulated T lymphocytes is a potent
pro-inflammatory mechanism that triggers massive up-
regulation of cytokines such as TNF-q, IL-1p, IL-6, as
well as, metalloproteinases from human monocytes and
macrophages®™. In chronic inflaimmatory diseases such
as RA, the synovium is very cellular and several different
cell types, including T lymphocytes and macrophages lie
in close proximity to one another, which allows reciprocal
cellular crosstalk. McInnes ez @/*) have demonstrated that
freshly isolated, paraformaldehyde-fixed T lymphocytes
from the synovial fluid might induce TNF-o production
directly by blood or synovial macrophages, vz direct cell-to-
cell contact without additional exogenous stimulation. This
effect is enhanced when the T cells are activated with cy-
tokines such as I1.-15. In another study by Brennan ef a/*”,
cytokine-stimulated T-cells or T cells isolated from RA
synovial tissue displayed the ability to induced TNF-q, pro-
duction in normal blood monocytes via the nuclear factor-
kB pathways.

In out in vitro study, we found that cell-contact induced
production of inflammatory cytokines, such as TNF-q,
IL-1pB, IL-6 and proteinase MMP-9, is dependent on
SphK activity. Jurkat T' cells activated with phytohemag-
glutinin/phorbol myristate acetate induce substantial
production of TNF-q, IL-1p, 11.-6, and MCP-1 by U937
monocytic cells, and such cytokine synthesis is markedly
reduced when the cells are treated with DMS. To validate
the results obtained using human cell lines, peripheral
blood mononuclear cells from RA patients have been used
in identical cell contact experiments. Likewise, activated

peripheral T lymphocytes from RA patients induced sub-
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stantial production of TNF-q,, IL-1f3, IL-6, and monocyte
chemotactic protein-1 by autologous peripheral mono-
cytes, and DMS treatment significantly suppressed pro-
duction of these cytokines®". Overproduction of MMP-9
has been observed in the synovial fluid of RA patients.
MMP-9 from macrophages and neutrophils is thought
to play a key role in migration of these cells during in-
flammation in RA and erosion of the cartilage matrix.
We found that MMP-9 production by monocytes is also
induced by T cell contact, and that this production is sig-
nificantly suppressed when SphK activity is inhibited"".
These results demonstrate the importance of SphK/S1P
signaling in cell-contact-induced inflammatory mediators,
which is relevant to RA pathogenesis.

THE DISTINCT ROLES OF SphK1 VS
SphK2 IN INFLAMMATORY ARTHRITIS

To date, two mammalian SphKs have been cloned, se-
quenced and characterized. These kinases are encoded by
two genes, SphK1 17 and SthZ[m. Human SphK1
localizes to chromosome 17 (17q25.2), whereas SphK2
maps to chromosome 19 (19q13.2). Although the two
mammalian isoforms possess five evolutionarily con-
served domains that are found in all SphKs and are highly
similar in amino acid sequence, they differ in kinetic
properties and in temporal and spatial distribution, which
implies that they have distinct physiological functions.

Using the CIA model, we found that knocking down
SphK1 via the siRNA approach resulted in significantly
reduced joint pathology and subsequent pro-inflammatory
responsespm]. This suggests that SphK modulation pos-
sesses inhibitory action on inflammatory cell infiltration
into the joints, and subsequent synovium hyperplasia and
erosion. Moreover, mice that receive SphK1 siRNA have
significantly reduced serum levels of pro-inflammatory
1L-6, TNF-q, and IFN-y, as well as 7 vitro production of
these pro-inflammatory cytokines in response to collagen.
In contrast, downregulation of SphK2 results in increased
disease activity and pro-inflammatory responses. SphK2
siRNA-treated mice exhibit increased joint pathology as
compared to control and SphK1 siRNA treatment groups.
These mice are also associated with higher serum levels of
pro-inflammatory IL-6, TNF-o and IFN-y, and higher pro-
duction of such cytokines in response to collagen 7 vitro.
In addition, we have found that at day 27 prior to develop-
ment of arthritis, SphK2-siRNA treatment can potentially
polarize 7n vitro T-cell anti-collagen responses in a pro-
inflammatory manner, and is unlikely to be associated
with changes in the concentration of serum S1P™, Fur-
thermore, a recent study has shown that SphK2 is highly
expressed in rheumatoid synovial fibroblasts and is respon-
sible for FTY720-mediated apoptosis in these cells™,

THERAPEUTIC IMPLICATIONS

Despite many years of intensive research, neither the initi-
ating events nor the perpetuating factors in the pathogen-
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esis of RA are clearly understood. Most of the current
knowledge about the inflammatory process and cellular
infiltration in the rheumatoid joint comes from the study
of synovium in established, rather than early, disease. To
date, the gold standard for treating RA is the disease-mod-
ifying anti-arthritic drugs, with methotrexate being the
most widely used”™, although the clinical success of anti-
TNF-q, therapy suggests that targeting the cytokine net-
work can be of immense benefit. The cytokine network
is vast and complicated, with each cytokine linked to an-
other in distinct and/or ovetlapping manners”™ . Hence,
targeting one specific cytokine might not be enough to
efficiently control, much less ameliorate the disease in the
long term.

SphKs and S1P signaling appears to play an important
role in modulating RA pathogenesis. The SphK1 pathway
1s activated and appears to play a similar pro-inflammatory
role in a mouse model of inflammatory arthritis. More
fascinating is the fact that blockade of SphK1 activity
simultaneously reduces several antigen-specific inflamma-
tory responses such as pro-inflaimmatory cytokines and
anti-collagen antibody production, and inflammatory infil-
tration into the synovium, yet does not compromise global
immunity. On the contrary, SphK2 plays a protective role
in inflammatory arthritis. Therefore, selective targeting
and/or dual-targeting of the two SphK isoforms might
be required to modulate effectively the sphingolipid meta-
bolic pathway in such a way that it becomes therapeutic in
chronic inflammatory arthritis.

REFERENCES

1  Merrill AH Jr, Schmelz EM, Dillehay DL, Spiegel S, Shayman
JA, Schroeder JJ, Riley RT, Voss KA, Wang E. Sphingolipids-
-the enigmatic lipid class: biochemistry, physiology, and
pathophysiology. Toxicol Appl Pharmacol 1997; 142: 208-225

2 Hannun YA. The sphingomyelin cycle and the second mes-
senger function of ceramide. | Biol Chem 1994; 269: 3125-3128

3 Melendez AJ. Sphingosine kinase signalling in immune cells:
potential as novel therapeutic targets. Biochim Biophys Acta
2008; 1784: 66-75

4 Kohama T, Olivera A, Edsall L, Nagiec MM, Dickson R, Spie-
gel S. Molecular cloning and functional characterization of
murine sphingosine kinase. | Biol Chem 1998; 273: 23722-23728

5 Pyne S, Pyne NJ. Sphingosine 1-phosphate signalling in
mammalian cells. Biochem | 2000; 349: 385-402

6  Spiegel S, Milstien S. Sphingosine 1-phosphate, a key cell
signaling molecule. ] Biol Chemn 2002; 277: 25851-25854

7 Van Brocklyn JR, Lee MJ, Menzeleev R, Olivera A, Edsall L,
Cuvillier O, Thomas DM, Coopman PJ, Thangada S, Liu CH,
Hla T, Spiegel S. Dual actions of sphingosine-1-phosphate:
extracellular through the Gi-coupled receptor Edg-1 and
intracellular to regulate proliferation and survival. | Cell Biol
1998; 142: 229-240

8  Goetzl EJ, An S. Diversity of cellular receptors and func-
tions for the lysophospholipid growth factors lysophospha-
tidic acid and sphingosine 1-phosphate. FASEB ] 1998; 12:
1589-1598

9 Hla T, Lee MJ, Ancellin N, Paik JH, Kluk MJ. Lysophospho-

lipids--receptor revelations. Science 2001; 294: 1875-1878

Kon J, Sato K, Watanabe T, Tomura H, Kuwabara A, Kimura

T, Tamama K, Ishizuka T, Murata N, Kanda T, Kobayashi

I, Ohta H, Ui M, Okajima F. Comparison of intrinsic activi-

ties of the putative sphingosine 1-phosphate receptor sub-

10

November 26, 2010 | Volume 1 | Issue 11 |



11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

types to regulate several signaling pathways in their cDNA-
transfected Chinese hamster ovary cells. ] Biol Chem 1999; 274:
23940-23947

Van Brocklyn JR, Behbahani B, Lee NH. Homodimerization
and heterodimerization of SIP/EDG sphingosine-1-phos-
phate receptors. Biochim Biophys Acta 2002; 1582: 89-93
Cuvillier O, Pirianov G, Kleuser B, Vanek PG, Coso OA,
Gutkind S, Spiegel S. Suppression of ceramide-mediated
programmed cell death by sphingosine-1-phosphate. Nature
1996; 381: 800-803

Lee MJ, Thangada S, Claffey KP, Ancellin N, Liu CH, Kluk M,
Volpi M, Sha'afi RI, Hla T. Vascular endothelial cell adherens
junction assembly and morphogenesis induced by sphingo-
sine-1-phosphate. Cell 1999; 99: 301-312

Lee M]J, Van Brocklyn JR, Thangada S, Liu CH, Hand AR,
Menzeleev R, Spiegel S, Hla T. Sphingosine-1-phosphate as
a ligand for the G protein-coupled receptor EDG-1. Science
1998; 279: 1552-1555

Zhang Q, Peyruchaud O, French KJ, Magnusson MK, Mosher
DF. Sphingosine 1-phosphate stimulates fibronectin matrix
assembly through a Rho-dependent signal pathway. Blood
1999; 93: 2984-2990

Sanchez T, Hla T. Structural and functional characteristics of
S1P receptors. | Cell Biochem 2004; 92: 913-922

Bornfeldt KE, Graves LM, Raines EW, Igarashi Y, Wayman
G, Yamamura S, Yatomi Y, Sidhu JS, Krebs EG, Hakomori S.
Sphingosine-1-phosphate inhibits PDGF-induced chemotaxis
of human arterial smooth muscle cells: spatial and temporal
modulation of PDGF chemotactic signal transduction. ] Cell
Biol 1995; 130: 193-206

Olivera A, Spiegel S. Sphingosine-1-phosphate as second
messenger in cell proliferation induced by PDGF and FCS
mitogens. Nature 1993; 365: 557-560

Choi OH, Kim JH, Kinet JP. Calcium mobilization via sphin-
gosine kinase in signalling by the Fc epsilon RI antigen recep-
tor. Nature 1996; 380: 634-636

Melendez A, Floto RA, Gillooly DJ, Harnett MM, Allen JM.
FegammaRI coupling to phospholipase D initiates sphingo-
sine kinase-mediated calcium mobilization and vesicular traf-
ficking. ] Biol Chem 1998; 273: 9393-9402

Melendez AJ, Khaw AK. Dichotomy of Ca2+ signals trig-
gered by different phospholipid pathways in antigen stimu-
lation of human mast cells. | Biol Chem 2002; 277: 17255-17262
Alemany R, Meyer zu Heringdorf D, van Koppen CJ, Jakobs
KH. Formyl peptide receptor signaling in HL-60 cells through
sphingosine kinase. | Biol Chem 1999; 274: 3994-3999

Ibrahim FB, Pang SJ, Melendez AJ. Anaphylatoxin signaling
in human neutrophils. A key role for sphingosine kinase. |
Biol Chem 2004; 279: 44802-44811

Melendez AJ, Ibrahim FB. Antisense knockdown of sphingo-
sine kinase 1 in human macrophages inhibits C5a receptor-
dependent signal transduction, Ca2+ signals, enzyme release,
cytokine production, and chemotaxis. | Immunol 2004; 173:
1596-1603

Zhi L, Leung BP, Melendez AJ. Sphingosine kinase 1 regu-
lates pro-inflammatory responses triggered by TNFalpha in
primary human monocytes. | Cell Physiol 2006; 208: 109-115
Feldmann M, Brennan FM, Maini RN. Role of cytokines in
rheumatoid arthritis. Annu Rev Immunol 1996; 14: 397-440
MclInnes IB, Schett G. Cytokines in the pathogenesis of rheu-
matoid arthritis. Nat Rev Immunol 2007; 7: 429-442

Brennan FM, McInnes IB. Evidence that cytokines play a role
in rheumatoid arthritis. J Clin Invest 2008; 118: 3537-3545
Matloubian M, Lo CG, Cinamon G, Lesneski MJ, Xu Y,
Brinkmann V, Allende ML, Proia RL, Cyster JG. Lymphocyte
egress from thymus and peripheral lymphoid organs is de-
pendent on S1P receptor 1. Nature 2004; 427: 355-360

Allende ML, Dreier JL, Mandala S, Proia RL. Expression of
the sphingosine 1-phosphate receptor, S1P1, on T-cells con-
trols thymic emigration. | Biol Chem 2004; 279: 15396-15401

K

Gz
Raishideng®

WJBC | www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Lai WQ et a/. SphK/S1P in rheumatoid arthritis

Lai WQ, Irwan AW, Goh HH, Howe HS, Yu DT, Valle-Oniate
R, Mclnnes IB, Melendez A]J, Leung BP. Anti-inflammatory
effects of sphingosine kinase modulation in inflammatory
arthritis. | Immunol 2008; 181: 8010-8017

Steiner G, Smolen J. Autoantibodies in rheumatoid arthritis
and their clinical significance. Arthritis Res 2002; 4 Suppl 2:
S51-S5

Rantapdi-Dahlqvist S, de Jong BA, Berglin E, Hallmans G,
Wadell G, Stenlund H, Sundin U, van Venrooij W]. Antibod-
ies against cyclic citrullinated peptide and IgA rheumatoid
factor predict the development of rheumatoid arthritis. Ar-
thritis Rheum 2003; 48: 2741-2749

Meyer O, Labarre C, Dougados M, Goupille P, Cantagrel A,
Dubois A, Nicaise-Roland P, Sibilia J, Combe B. Anticitrul-
linated protein/peptide antibody assays in early rheumatoid
arthritis for predicting five year radiographic damage. Ann
Rheum Dis 2003; 62: 120-126

Takemura S, Klimiuk PA, Braun A, Goronzy JJ, Weyand CM.
T cell activation in rheumatoid synovium is B cell dependent.
J Immunol 2001; 167: 4710-4718

Tsokos GC. B cells, be gone--B-cell depletion in the treatment
of rheumatoid arthritis. N Engl | Med 2004; 350: 2546-2548

Pi X, Tan SY, Hayes M, Xiao L, Shayman JA, Ling S, Ho-
loshitz J. Sphingosine kinase 1-mediated inhibition of Fas
death signaling in rheumatoid arthritis B lymphoblastoid
cells. Arthritis Rheum 2006; 54: 754-764

Tan SY, Xiao L, Pi X, Holoshitz J. Aberrant Gi protein cou-
pled receptor-mediated cell survival signaling in rheumatoid
arthritis B cell lines. Front Biosci 2007; 12: 1651-1660
Kunisawa J, Kurashima Y, Gohda M, Higuchi M, Ishikawa
I, Miura F, Ogahara I, Kiyono H. Sphingosine 1-phosphate
regulates peritoneal B-cell trafficking for subsequent intesti-
nal IgA production. Blood 2007; 109: 3749-3756

Lai WQ, Irwan AW, Goh HH, Melendez AJ, McInnes IB,
Leung BP. Distinct roles of sphingosine kinase 1 and 2 in mu-
rine collagen-induced arthritis. ] Immunol 2009; 183: 2097-2103
Qu Z, Garcia CH, O'Rourke LM, Planck SR, Kohli M, Rosen-
baum JT. Local proliferation of fibroblast-like synoviocytes
contributes to synovial hyperplasia. Results of proliferating
cell nuclear antigen/cyclin, c-myc, and nucleolar organizer
region staining. Arthritis Rheum 1994; 37: 212-220

McInnes IB, Leung BP, Liew FY. Cell-cell interactions in
synovitis. Interactions between T lymphocytes and synovial
cells. Arthritis Res 2000; 2: 374-378

Miranda-Carts ME, Balsa A, Benito-Miguel M, Pérez de Ay-
ala C, Martin-Mola E. IL-15 and the initiation of cell contact-
dependent synovial fibroblast-T lymphocyte cross-talk in
rheumatoid arthritis: effect of methotrexate. | Immunol 2004;
173: 1463-1476

Ritchlin C. Fibroblast biology. Effector signals released by the
synovial fibroblast in arthritis. Arthritis Res 2000; 2: 356-360
Kitano M, Hla T, Sekiguchi M, Kawahito Y, Yoshimura R,
Miyazawa K, Iwasaki T, Sano H, Saba JD, Tam YY. Sphingo-
sine 1-phosphate/sphingosine 1-phosphate receptor 1 signal-
ing in rheumatoid synovium: regulation of synovial prolif-
eration and inflammatory gene expression. Arthritis Rheum
2006; 54: 742-753

Zhao C, Fernandes MJ, Turgeon M, Tancréde S, Di Battista J,
Poubelle PE, Bourgoin SG. Specific and overlapping sphingo-
sine-1-phosphate receptor functions in human synoviocytes:
impact of TNF-alpha. | Lipid Res 2008; 49: 2323-2337

Kamada K, Arita N, Tsubaki T, Takubo N, Fujino T, Soga Y,
Miyazaki T, Yamamoto H, Nose M. Expression of sphingo-
sine kinase 2 in synovial fibroblasts of rheumatoid arthritis
contributing to apoptosis by a sphingosine analogue, FTY720.
Pathol Int 2009; 59: 382-389

Ishii M, Egen ]G, Klauschen F, Meier-Schellersheim M, Saeki
Y, Vacher ], Proia RL, Germain RN. Sphingosine-1-phosphate
mobilizes osteoclast precursors and regulates bone homeo-
stasis. Nature 2009; 458: 524-528

November 26, 2010 | Volume 1 | Issue 11 |



49

50

51

52

53

54

55

56

57

58

59

60

61

Lai WQ et a/. SphK/S1P in rheumatoid arthritis

Harrington LE, Hatton RD, Mangan PR, Turner H, Murphy
TL, Murphy KM, Weaver CT. Interleukin 17-producing
CD4+ effector T cells develop via a lineage distinct from the T
helper type 1 and 2 lineages. Nat Immunol 2005; 6: 1123-1132
Park H, Li Z, Yang XO, Chang SH, Nurieva R, Wang YH,
Wang Y, Hood L, Zhu Z, Tian Q, Dong C. A distinct lineage
of CD4 T cells regulates tissue inflammation by producing
interleukin 17. Nat Immunol 2005; 6: 1133-1141

Awasthi A, Murugaiyan G, Kuchroo VK. Interplay between
effector Th17 and regulatory T cells. | Clin Immunol 2008; 28:
660-670

Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka M,
Weiner HL, Kuchroo VK. Reciprocal developmental path-
ways for the generation of pathogenic effector TH17 and
regulatory T cells. Nature 2006; 441: 235-238

Mangan PR, Harrington LE, O'Quinn DB, Helms WS, Bul-
lard DC, Elson CO, Hatton RD, Wahl SM, Schoeb TR, Weaver
CT. Transforming growth factor-beta induces development
of the T(H)17 lineage. Nature 2006; 441: 231-234

Veldhoen M, Hocking R]J, Atkins CJ, Locksley RM, Stock-
inger B. TGFbeta in the context of an inflammatory cytokine
milieu supports de novo differentiation of IL-17-producing T
cells. Immunity 2006; 24: 179-189

Weaver CT, Harrington LE, Mangan PR, Gavrieli M, Murphy
KM. Th17: an effector CD4 T cell lineage with regulatory T
cell ties. Immunity 2006; 24: 677-688

McKenzie BS, Kastelein RA, Cua DJ. Understanding the IL-
23-IL-17 immune pathway. Trends Immunol 2006; 27: 17-23
Acosta-Rodriguez EV, Napolitani G, Lanzavecchia A, Sal-
lusto F. Interleukins 1beta and 6 but not transforming growth
factor-beta are essential for the differentiation of interleukin
17-producing human T helper cells. Nat Immunol 2007; 8:
942-949

Wilson NJ, Boniface K, Chan JR, McKenzie BS, Blumenschein
WM, Mattson JD, Basham B, Smith K, Chen T, Morel F, Lec-
ron JC, Kastelein RA, Cua DJ, McClanahan TK, Bowman EP,
de Waal Malefyt R. Development, cytokine profile and func-
tion of human interleukin 17-producing helper T cells. Nat
Immunol 2007; 8: 950-957

Huang MC, Watson SR, Liao JJ, Goetzl E]. Th17 augmenta-
tion in OTII TCR plus T cell-selective type 1 sphingosine
1-phosphate receptor double transgenic mice. | Immunol 2007;
178: 6806-6813

Liao JJ, Huang MC, Goetzl E]. Cutting edge: Alternative sig-
naling of Th17 cell development by sphingosine 1-phosphate.
J Immunol 2007; 178: 5425-5428

Burger D, Molnarfi N, Gruaz L, Dayer JM. Differential induc-
tion of IL-1beta and TNF by CD40 ligand or cellular contact
with stimulated T cells depends on the maturation stage of

(49

Gz
Raishideng®

WIJBC | www.wjgnet.com

326

62

63

64

65

66

67

68

69

70

71

72

human monocytes. | Immunol 2004; 173: 1292-1297

Jungo F, Dayer JM, Modoux C, Hyka N, Burger D. IFN-beta
inhibits the ability of T lymphocytes to induce TNF-alpha
and IL-1beta production in monocytes upon direct cell-cell
contact. Cytokine 2001; 14: 272-282

Li JM, Isler P, Dayer JM, Burger D. Contact-dependent
stimulation of monocytic cells and neutrophils by stimulated
human T-cell clones. Immunology 1995; 84: 571-576

Vey E, Zhang JH, Dayer JM. IFN-gamma and 1,25(OH)2D3
induce on THP-1 cells distinct patterns of cell surface antigen
expression, cytokine production, and responsiveness to con-
tact with activated T cells. | Immunol 1992; 149: 2040-2046
Lacraz S, Isler P, Vey E, Welgus HG, Dayer JM. Direct contact
between T lymphocytes and monocytes is a major pathway
for induction of metalloproteinase expression. | Biol Chem
1994; 269: 22027-22033

Mclnnes IB, Leung BP, Sturrock RD, Field M, Liew FY. In-
terleukin-15 mediates T cell-dependent regulation of tumor
necrosis factor-alpha production in rheumatoid arthritis. Nat
Med 1997; 3: 189-195

Brennan FM, Hayes AL, Ciesielski CJ, Green P, Foxwell BM,
Feldmann M. Evidence that rheumatoid arthritis synovial T
cells are similar to cytokine-activated T cells: involvement
of phosphatidylinositol 3-kinase and nuclear factor kappaB
pathways in tumor necrosis factor alpha production in rheu-
matoid arthritis. Arthritis Rheum 2002; 46: 31-41

Jovanovic DV, Martel-Pelletier ], Di Battista JA, Mineau F,
Jolicoeur FC, Benderdour M, Pelletier JP. Stimulation of 92-kd
gelatinase (matrix metalloproteinase 9) production by inter-
leukin-17 in human monocyte/macrophages: a possible role
in rheumatoid arthritis. Arthritis Rheum 2000; 43: 1134-1144
Melendez A]J, Carlos-Dias E, Gosink M, Allen JM, Takacs L.
Human sphingosine kinase: molecular cloning, functional
characterization and tissue distribution. Gene 2000; 251: 19-26
Pitson SM, D'andrea R], Vandeleur L, Moretti PA, Xia P,
Gamble JR, Vadas MA, Wattenberg BW. Human sphingosine
kinase: purification, molecular cloning and characterization
of the native and recombinant enzymes. Biochern | 2000; 350
Pt 2: 429-441

Liu H, Sugiura M, Nava VE, Edsall LC, Kono K, Poulton S,
Milstien S, Kohama T, Spiegel S. Molecular cloning and func-
tional characterization of a novel mammalian sphingosine
kinase type 2 isoform. ] Biol Chem 2000; 275: 19513-19520
Katchamart W, Trudeau J, Phumethum V, Bombardier C. Ef-
ficacy and toxicity of methotrexate (MTX) monotherapy ver-
sus MTX combination therapy with non-biological disease-
modifying antirheumatic drugs in rheumatoid arthritis: a
systematic review and meta-analysis. Ann Rheum Dis 2009;
68:1105-1112

S- Editor ChengJX L-Editor Kerr C E- Editor Zheng XM

November 26, 2010 | Volume 1 | Issue 11 |



