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Introduction

Summary

The aim of this study was to clarify the nature of the clonal lymphocyte
infiltration in Sjégren’s syndrome (SS) patients associated with lymphopro-
liferative disorders. We examined B cell clonality in lymphoproliferative
tissues from six primary SS patients associated with lymphoproliferative dis-
orders or lymphoma by cloning and sequencing of the gene rearrangement of
the immunoglobulin heavy chain complementarity determining region 3
(IgVH-CDR3). Three patients with sequential observation showed progres-
sional clonal expansion with the presence of the same subclone in different
tissues during the course of disease. Among them, one patient developed
mucosa-associated lymphoid tissue (MALT) lymphoma in glandular parotid.
The other three SS patients concomitant with malignant B cells lymphomas
showed different clonal expansion of B cells between nodal sites and salivary
glands. The cloanality analysis indicated that monoclonal B cell population
could spread from one glandular site to another site during the course of SS,
suggesting that the malignant clone may arise from the general abnormal
microenvironment, not restricted to the glandular tissue, in some SS patients.

Keywords: clonality, lymphoproliferative disorders, Sjogren’s syndrome

could play an important role in the lymphoproliferative
process during the course of SS through restricted usage of

Sjogren’s syndrome (SS) is a systemic as well as an organ-
specific autoimmune disease with destructive lymphocyte
infiltration of salivary and lacrimal glands, which results in
dry eyes and dry mouth. Myoepithelial sialadenitis (MESA)
or lymphoepithelial lesion (LEL), consisting of T cell and B
cell infilitration, are characteristic features of SS that may
range from benign to malignant [1,2]. It has been estimated
recently by a cohort study that patients with SS have a
16-fold increased risk of developing lymphoma [3]. Lym-
phomas that occur during the course of SS are mainly B cell
lymphomas, the majority being of low-grade marginal zone
type, particularly of mucosa-associated lymphoid tissue
(MALT) origin, and develop most often from lymphoprolif-
erative lesions in salivary and lacrimal glands [4,5].
Lymphoproliferative malignancy is the most alarming
complication of SS [6]. It is suggested that patients with
clonal expansion of B cells in their salivary glands are at high
risk of developing lymphomas, and hypothesized that
chronic exogenous or endogenous stimulation in MESA

immunoglobulin heavy chain complementarity determining
region 3 (IgVH-CDR3) from MESA-associated clones [7,8].
However, predicting and diagnosing lymphoma by clonal
analysis alone is unreliable [9,10]. To understand further the
relationship between lymphocyte monoclonality and lym-
phoma development in SS patients, we studied the lympho-
cyte clonality by cloning and sequencing IgVH-CDR3 in
lymphoproliferative tissues at multiple time-points from six
SS patients who developed lymphoproliferative disorder
(LPD) or lymphoma during the course of disease.

Materials and methods

Patients

Patient profiles are summarized in Table 1. All six patients
satisfied the SS classification criteria of the American—
European Community Classification Criteria [11]. Patient 1
(61 years old, male) was SS associated with LPD. He suffered
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Table 1. Clinical, laboratory, histological features of patients with SS-ssociated pathological lymphocyte infiltration.

Salivary
Dye gland
eye/Dye involvementt/
No. A/S* mouth RF/ANA SSA/SSB focus scoref tissue biopsy pathologic diagnosis
1 61/M ++ n.d/+ o +1.7 pancreas pancreatitis
L-submandibular gland MESA
R-submandibular gland MESA
lymph node (cervical) LPD
kidney LPD
2 78/F ++ ++ ~l~ +4.0 lacrimal gland MESA
MSG MESA
lacrimal gland MESA
MSG Mikulicz” disease
3 79/F ++ +/+ +- +/1.0 R-parotid gland MESA
R-parotid gland MESA
L-parotid gland MALT lymphoma
4 64/F ++ ++ o +/3.4 MSG MESA
LND marginal zone B lymphoma
5 67/M +/+ +- —t— +1.0 MSG MESA
LND mantle cell lymphoma
6 85/M ++ -/~ -/~ +1.0 MSG MESA i
LND mantle cell lymphoma

*: A/S means patient age/sex; : + means at least one objective evidence of salivary gland involvement according to AECC criterion; %: + means focus

score > 1.

MSG: minor salivary gland, MESA: myoepithelial sialadenitis, LND: lymph node, LPD: lymphoproliferative disorder.

initially from abdominal pain, with signs of enlargement of
the pancreas at early onset of disease (1988). Malignancy of
the pancreas was considered at that time and an operation
was performed. The pathological diagnosis was pancreatitis
with massive lymphocyte infiltration. About 1 year later the
swellings of bilateral submandibular glands emerged (1989).
Seven years later, he showed lymphoadenopathy and renal
dysfunction (1996). He was diagnosed with so-called
pseudolymphoma by histology and immunohistology study.
Patient 2 (78 years old, female) showed bilateral enlarge-
ments of the lacrimal and parotid glands following the first
onset of 1-5 years. Massive lymphocyte infiltration with
MESA was proved, and Mikulicz’s disease and SS were diag-
nosed at that time. Patient 3 (79 years old, female) was SS
with MALT lymphoma development in the subsequent left
parotid gland. Patients 4-6 were SS with nodal B cell lym-
phoma (Table 1). No steroids or other immunosuppressive
mediations were taken at the time of sampling.

DNA extraction

Available specimens were studied from six patients, includ-
ing the initial and subsequent biopsies of the tissues with
sequential observation (Table1). All patients provided
informed consent and all the specimens were obtained as
part of the diagnostic histological procedure. DNA extrac-
tion was performed by DEXPAT (DNA extraction from
paraffin — embedded tissue) (Takara Biochemicals, Tokyo,
Japan) and polymerase chain reaction (PCR) was performed

on the soluble DNA. The integrity of the DNA following
extraction from paraffin-embedded tissue sections was con-
firmed using control DNA primers for gene coding for the
cell adhesion molecule E-cadherin (uvomorulin, chromo-
some 16q22), as described previously [12].

PCR for Ig monoclonanity

Determination of monoclonality through an evaluation of
immunoglobulin heavy chain gene rearrangement is a com-
monly performed and useful diagnostic assay [13]. A modi-
fied seminested PCR technique was used to amplify the
CDRS3 region comprising the V-D-]J region of the Ig heavy
chain gene (IgVH-CDR3) [12]. For the first round of ampli-
fication, the framework 3 consensus primer (Fr3 5-ACA
CGG C[C/T] [G/C] TGT ATT ACT G-3’) and a downstream
consensus primer directed at the joining region (LJH: 5’-TGA
GGA GAC GGT GAC C-3") were used. For the second round
of PCR, the Fr3 primer was used in conjunction with an inner
downstream primer (VLJH: 5-GTG ACC AGG TNC CTT
GGC CCC CAG-3’).In each round the PCR mixture (Takara
Biochemicals) contained 50 pl total reaction mixture. The
first PCR contained 100 ng of DNA and the second 2 pl of the
first round reaction product. Reactions were carried out in a
thermocycler (DNA Engine PT-200, Bio-Rad, Hercules, CA,
USA), beginning with an initial denaturation of 98°C for
2 min preceding the addition of the DNA polymerase and
terminated by an extension step of 72°C for 10 min. Thirty-
one first-round and 31 second-round cycles consisting of

280 © 2007 British Society for Inmunology, Clinical and Experimental Immunology, 150: 279-284



(b)

Tissue Cloneno. CDR3
Pancreas (1988) 1 GQLGGRGGVRAEFGLDVWG
Lt. submandibular gl. (1989) 2 # LGSGWSRSYYYGMDVYWG
3 APTPAVAVAVPYYYHGMDVWG
4 EFRNLRYYYDSSGYQ*CF*YLGGRDLY
5 ERTGPGAFDIWG
6 GIADYYGMDVWG
Rt. submandibular gl {1889) 7 QTYYYDTEAYPPDTWG
8 SGATEFHYYMEVWG
LND (1996) 9 # LGSGWSRSYYYGMDVWG
10 VSGSYFTVISGFAFDVWG
11 VSGSYFTVKSGFAFDVWG
Kidney {1996) 12 # LGSGWSRSYYYGMDVWG

Fig. 1. B cell clonality of patient 1. (a) Polymerase chain reaction
(PCR) results regarding B cell monoclonality; #the presence of the
same subclone. (b) Sequences of PCR products: the same clone is
shown in italics and bold type; 1 amino acid difference is underlined.
*Clone 4 was a non-functional clone with a stop codon (Sub.m.gl:
submandibular gland; LND: lymph node).

96°C for 1 min, 60°C for 1 min and 72°C for 1 min were
performed. Use of the primers would be expected to generate
a fragment of between 80 and 120 base pairs (bp) in length.
The reaction products were analysed on a 10% non-
denaturing polyacrylamide gel electrophoresis, stained with
ethidium bromide and viewed under ultraviolet light. The
dilution experiment by the mixture RAJI cells in normal
peripheral blood mononuclear cells (PBMC) revealed that
our method could detect one malignant RAJI cell in 10 000
PBMC by applying 100 ng genomic DNA (data not shown).

Cloning and sequencing of PCR products and
intraclonal variation analysis

Bands corresponding to VH genes were isolated from 1-5%
low-melting agarose gel, and the DNA was purified using a
QIAquick PCR Purification Kit (Qiagen, Tokyo, Japan).
Approximately 20 ng of purified DNA was cloned using the
T-A Cloning Kit (Invitrogen, Tokyo, Japan). Up to 10 clones
were picked up at random. Sequencing reactions were per-
formed with M13 prime on the ABI 310 Genetic Analyser [7].

Results

Molecular analysis of B cell clonality

B cell clonality was studied by PCR in various involved
tissues in six patients. In patient 1, oligoclonal or mono-

Sjogren’s syndrome and lymphoproliferative disorder

clonal B cell bands were found initially by PCR in tissues of
pancreas (1988); 1 year later (1989) in the left and right
submandibular glands, and subsequently 7 years later (1996)
in the lymph node and kidney (Fig. 1a). After cloning and
sequencing, five distinct B cell clones (including one non-
functional rearrangement clone with stop code, clone 4 in
Fig. 1b) were identified in the left submandibular glands, two
distinct clones were observed in the right submandibular
glands and one clone in the pancreas. Seven years later
(1996), one of five clones in the left submandibular glands
was also found in lymph node and kidney, and two clones
with only one amino acid difference was identified in lymph
node (Fig. 1b). Meanwhile, marked lymphocytic infiltration
was identified by biopsy of the lymph node and kidney,
although immunohistochemical staining did not show
monoclonality. This case presented oligoclonal or mono-
clonal B cell expansion with the presence of one simimlar
clone in glandular and extraglandular tissues during the
course of SS.

In patient 2, swellings of bilateral lacrimal glands emerged
twice. The first biopsies of lacrimal gland and minor salivary
gland (MSG) revealed the polyclonal pattern of B cell expan-
sion with mild lymphocyte infiltration identified by
histology. After 15 years, the same size of B cell monoclonal
bands were found by PCR in lacrimal gland and MSG
(Fig. 2a). Sequence of CDR3 revealed that monoclonal B
cells in the second biopsies of lacrimal glands and MSG were
derived possibly from the same progenitor, because each had
almost identical CDR3 with only one nucleotide difference,
resulting in one amino acid difference (Fig. 2b). Histology of
the second MSG showed massive lymphocyte infiltration
with lymphoepithelial lesion. Mikulicz’s disease type of SS

@

(b)

Tissue Clone no. CDR3

MSG (2002) 1 # EGTPDAFDIWG
Lacrimal gl. (2002) 2 # EGTRDAFDIWG

Fig. 2. B cell clonality of patient 2. (a) Polymerase chain reaction
(PCR) results regarding B cell monoclonality; #the presence of the
same subclone. (b) Sequences of PCR products: the same clone is
shown in italics and bold type; 1 amino acid difference is underlined
(MSG: minor salivary gland; gl. gland).
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(a)

120 bp

72 bp

(b)

Tissue Clone no. CDR3

Rt. parotid gl.

(8/2003) 1 # QTYCYDTEAYPDTWG
2 - QTATFDH WG

Lt. parotid gl.

(9/2003) 3 # QTYCYDTEAYPDTWG

Fig. 3. B cell clonality of Patient 3. (a) Polymerase chain reaction
(PCR) results of B cell monoclonality; #the presence of the same
subclone. (b) Sequences of PCR products: the same clone is shown in
italics and bold type.

was diagnosed at this time. This case may represent clonal
progression from polyclonal to monoclonal B cell expansion
in glandular tissues and development of the same clone in
different tissues at the same onset.

In patient 3, one of the biopsies of the right parotid glands
presented polyclonal B cell expansion, while another part of
the same-side parotid glands was oligoclonal. About 1 month
later, monoclonal B cells expansion was identified in the left
parotid glands (Fig. 3a). DNA sequence of CDR3 identified
that the sequential clone in left parotid glands is the same,
with one of two clones in the initial right parotid gland
(Fig. 3b). The sequential clone in the left parotid gland was
proved to be MALT lymphoma by pathological diagnosis.
Although it was difficult to draw a conclusion of clonal pro-
gression, we detected expansion of the same clone in a differ-
ent site of the parotid glands within a 1-month interval.

Among three SS patients with nodal B cell lymphoma
(patients 4-6), patient 4 (marginal zone B cell lymphoma)
showed different monoclonal B cell bands between MSG and
lymph node, while patients 5 and 6 (Mantle cell lymphoma)
presented the same size of bands in MSG and lymph node
(data not shown). Cloning and DNA sequencing data indi-
cated different monoclonal lymphocytes expansion between
MSG and lymph node, because each had a distinct IgH-
CDR3 sequence (Fig. 4a).

IgH~CDR3 amino acid sequences

We compared the I[gVH-CDR3 amino acid sequence of our
cases to those presented on GenBank using the NCBI

protein-BLAST program. By applying homology criteria by
Bende et al., i.e. CDR3 region at least seven amino acids, at
least 75% amino acid sequence homology and a length dif-
ference between the CDR3 sequences not exceeding three
amino acids, we found the conserved sequence motifs in
CDR3 region between clone 7 in patient 1 and clone 1 in
patient 3 (Fig. 4b) [14]. In addition, clones 6 and 8 from
patient 1 showed homology to those reported on GenBank
for patients with rheumatoid arthritis [15], and clone 5 to
those patients with systemic lupus erythematosus [16].

Discussion

The risk for development of malignant lymphoma in SS
patients was reported to be 16 times higher than in a com-
parable population [3]. It has been reported that salivary
lymphoepithelial lesions from SS patients showed high
frequent evidence of clonal immunoglobulin gene rear-
rangement and revealed morphological and/or immunophe-
notypic evidence of low-grade lymphoma [17,18]. Although
many studies had tried to predict the progression to a malig-
nant lymphoproliferative disorder by B cell clonality analysis
in MESA-associated infiltrates, prediction and diagnosing of
lymphoma still remain to be defined.

In this study, we analysed B cell clonality by focusing on
the CDR3 region of IgVH. Because this region is unique to
each B cell clone and specific to antigen recognition, the
sequence of CDR3 offers the useful clonal signature of an
individual B cell [13]. We observed clonal progression of B
cells during lymphoma development in SS patients by
sequence analysis of the variable region of IgH CDR3 gene.
Patient 1 presented monoclonal B cell expansion in pancreas
and oligoclonal B cell expansion in submandibular glands. In
this patient, one identified subclone still existed in lymph
node and kidney after 7 years (Fig. 1). Patient 2 showed pro-
gressive expansion of B cells from polyclonal to monoclonal
in lacrimal glands and MSG with no evidence so far of
malignancy. Sequence analysis indicates a strong possibility
that clones in MSG (2002) and lacrimal gland (2002) might

(@ Patient  Tissue CDR3

P4 MSG SLTQLLMMLGMAMLEHIFRNPNG
LND GGTVTT YYYYGMDVWG

PS MSG YCSGSCYSRLDFDPWG
LND DRVGAGGRWFDPWG

P6 MSG PSPYDSSGYYFDPWG

LND AVYDILTA DDSWWP

(b) Patient Tissue CDR3
P1 Right submandibular gl.clone 7 Y P
P3 Parotid gl. clone 1 QTY|C YDTEA PDTW
Fig. 4. (a) DNA sequence of the IgVH-CDR3 region between MSG
and lymph node in three SS patients with nodal lymphoma. (b)

Comparison of clone 7 in patient 1 and clone 1 in patient 3. The
conserved sequences are framed.

282 © 2007 British Society for Immunology, Clinical and Experimental Inmunology, 150: 279-284



Sjogren’s syndrome and lymphoproliferative disorder

Table 2. The literatures of monoclonality and lymphoma development.

Year of Number Same  Diferent
Author Publication Journal of Cases SS Lymphoma Clonet  Clone#
Diss PC 1993 New Engl ] Med 1 1SS—MALT lymphoma 1
Pablos JL 1994 Arthritis Rheum 14 1SS—B cell neoplasm 1
Jordan R 1995 Oral Surg Oral Med Oral Pathol Oral Radiol Endod 11 4SS—lymphoma 4§
Lasota J 1997 Mod Pathol 1 1SS—MALT lymphoma 1
De Vita S 1997 Arthritis Rheum 6 1SS—Lympoma (DLB) 1
Bathler DW 1998 Blood 7 58S—lymphoma 4 1
Aiello A 1999 Blood 1 1SS—MALT lymphoma—FL 1
Gellrich S 1999 Arthritis Rheum 2 0 0 0 0
Gasparotto D 2003 Arthritis Rheum 1 18S—Lymphoma (MZB) 1
Hansen A 2006 Arthritis Rheum 1 1SS—Lymphoma (MZB) 1

45 16 13 3

+Same clone: malignant clone is from the initial lymphoproliferative glandular tissues by PCR and/or sequence data to identify same monoclonal
or mutated monoclonal B cell expansion with conserved amino acids sequence motifs in their CDR3. jDifferent clone: different size of monoclonal
bands by PCR or same size bands with distinct lgVH-CDR3 between initial lymphoproliferation and lymphoma. §Without sequence data, the result is
from PCR. DLB, diffuse large B cell lymphoma; FL, follicular lymphoma; MZB, marginal zone B cell lymphoma.

be derived from the same progenitor, because only one
amino acid difference of CDR3 region was identified
between MSG (2002) and lacrimal gland (2002) clone in this
patient (Fig. 2). Although we had attempted to target PCR
amplification of the longer VH-FR1 to clarify this possibil-
ity, we could not sequence the VH-FR1 sequence because of
the poor amount of DNA. In patient 3 the sequential malig-
nant clone in the left parotid glands was the same, with one
of two clones in the initial right parotid gland (Fig. 3b),
providing evidence of expansion of the same clone in differ-
ent sites of parotid glands. Clonality analysis of these
patients may suggest that monoclonal B cell population
could spread from one glandular site to another site during
the course of SS. Another possibility is that the microenvi-
ronment in SS may trigger monoclonal B cell proliferation,
because the same clone was identified in different tissues
during the course of disease. It has been reported that MESA
and neoplastic B cell clones showed a marked VH gene
restriction along with the similar CDR3 sequences, indicat-
ing that, even from different patients, MESA-associated
clones may bind the same or similar antigens and are selected
for clonal expansion [7]. In this regard, we found the con-
served amino acids sequence motifs in CDR3 in different
clones from patients 1 and 3 (Fig. 4b).

Recent studies have proposed that disturbed B cell biology,
defects in apoptosis, T cell modulation, persistent antigenic
stimulation and the effects of various molecules contribute to
the development of lymphoma in SS. In particular, the B cell
activating factor of the tumour necrosis factor family (BAFF)
and a proliferation-inducing ligand (APRIL) have been
receiving increasing attention because dysregulated BAFF
expression in SS has been described to lead to disease progres-
sion and perpetuation of humoral autoimmunity [19]. BAFF
isa member of the tumour necrosis factor (TNF) superfamily,
also called Blymphocyte stimulator (BLys), which specifically
regulates B lymphocyte proliferation and survival, and has

emerged as a potential survival factor for B cell lymphomas.
Continuous B cell activation resulting from increased BAFF
may lead to the development of B cell lymphoma in SS [20].
Furthermore, it has been considered that gradual progression
from polyclonal to monoclonal in lacrimal or minor salivary
glands may lead to lymphoma development in SS patients.
From a variety of studies on clonality analysis in SS patients,
patients with the same and persistent monoclonal B cell
expansion in follow-up biopsy specimens are at higher risk of
developing lymphoma. Malignant clones may be brought
from clones in initial lymphoproliferative glandular tissues
(Table 2) [7,8,10,21-27]. In contrast to this classic story,
patients 1 and 2 had been followed without evidence of
lymphoma for more than 10 and 4 years, respectively.
Although it remains to be determined whether they will
develop into lymphoma over a longer follow-up period, the
simple detection of B cell clonality cannot be used as a crite-
rion for diagnosis of B cell lymphoma.

Our three patients with nodal lymphoma, who presented
different B cell expansions between MSG and lymphoma
tissue (lymph node), contradict this classic story. Additional
steps such as genetic events and the effects of various mol-
ecules, possibly the BAFF/APRIL system, may be necessary
for lymphoma development [19,28,29]. Our data sustain
previous hypotheses [10] that microenvironments in SS may
serve the conditions to sustain lymphoproliferation and
transformation not only in salivary and lacrimal glands but
also in extraglandular tissue, and malignant clones can arise
from visceral organs and lymph nodes beyond its original
target organ, the glandular tissues [10,28].

Acknowledgements

This work was supported by grants from the Japanese Min-
istry of Education, Culture, Sports, Science and Technology
(13557160, 15024236, 15390313, 13877075 to H. U. and

© 2007 British Society for Immunology, Clinical and Experimental Immunology, 150: 279-284 283



L. D

ong et al.

17591060 to Y. M.), the Uehara Memorial Foundation (to H.

U-);

the Hokkoku Cancer Fund (to Y. M.) and the Kanazawa

Medical University Research Foundation (C2006-1 to H. U.

and

$2004-16 to Y. M.).

References

—

N

~

10

1

—

12

284

Moutsopoulos HM, Chused TM, Mann DL et al. Sjogren’s syn-
drome (Sicca syndrome): Curr Issues. Ann Intern Med 1980;
92:212-26.

Bloch KJ, Buchanan WW, Wohl MJ, Bunim JJ. Sjogren’s syndrome.
A clinical, pathological, and serological study of sixty-two cases
1965. Medicine (Balt) 1992; 71:386—401;discussion 401-3.
Theander E, Henriksson G, Ljungberg O, Mandl T, Manthorpe R,
Jacobsson LT. Lymphoma and other malignancies in primary
Sjogren’s syndrome: a cohort study on cancer incidence and lym-
phoma predictors. Ann Rheum Dis 2006; 65:796-803.

Isaacson PG, Spencer J. Malignant lymphoma and autoimmune
disease. Histopathology 1993; 22:509-10.

Manthorpe R, Bredberg A, Henriksson G, Larsson A. Progress and
regression within primary Sjogren’s syndrome. Scand ] Rheumatol
2006; 35:1-6.

Masaki Y, Sugai S. Lymphoproliferative disorders in Sjogren’s
syndrome. Autoimmun Rev 2004; 3:175-82.

Bahler DW, Swerdlow SH. Clonal salivary gland infiltrates associ-
ated with myoepithelial sialadenitis (Sjogren’s syndrome) begin as
nonmalignant antigen-selected expansions. Blood 1998; 91:1864—
72.

De Vita S, Boiocchi M, Sorrentino D et al. Characterization of
prelymphomatous stages of B cell lymphoproliferation in Sjogren’s
syndrome. Arthritis Rheum 1997; 40:318-31.

De Re V, De Vita S, Carbone A et al. The relevance of VDJ PCR
protocols in detecting B-cell clonal expansion in lymphomas and
other lymphoproliferative disorders. Tumori 1995; 81:405-9.
Gasparotto D, De Vita S, De Re V et al. Extrasalivary lymphoma
development in Sjogren’s syndrome: clonal evolution from parotid
gland lymphoproliferation and role of local triggering. Arthritis
Rheum 2003; 48:3181-6.

Vitali C, Bombardieri S, Jonsson R et al. Classification criteria for
Sjogren’s syndrome: a revised version of the European criteria pro-
posed by the American—European Consensus Group. Ann Rheum
Dis 2002; 61:554-8.

Jordan RC, Masaki Y, Takeshita S, Speight PM, Sugai S. High preva-
lence of B-cell monoclonality in labial gland biopsies of Japanese
Sjogren’s syndrome patients. Int ] Hematol 1996; 64:47-52.
Schwartz RS. Shattuck lecture: diversity of the immune repertoire
and immunoregulation. N Engl ] Med 2003; 348:1017-26.

Bende R]J, Aarts WM, Riedl RG, de Jong D, Pals ST, van Noesel CJ.
Among B cell non-Hodgkin’s lymphomas, MALT lymphomas
express a unique antibody repertoire with frequent rheumatoid
factor reactivity. ] Exp Med 2005; 201:1229-41.

Miura Y, Chu CC, Dines DM, Asnis SE, Furie RA, Chiorazzi N.
Diversification of the Ig variable region gene repertoire of synovial
B lymphocytes by nucleotide insertion and deletion. Mol Med
2003; 9:166-74.

16

17

18

19

20

2

—

22

23

24

25

26

27

28

29

Kwon YS, Chung J, Shin GT, Lee SY, Jang Y]J. Variable region genes
of human monoclonal autoantibodies to histones H2A and H2B
from a systemic lupus erythematosus patient. Mol Immunol 2005;
42:311-7.

De Re V, De Vita S, Gasparotto D eral. Salivary gland B cell
lymphoproliferative disorders in Sjogren’s syndrome present a
restricted use of antigen receptor gene segments similar to those
used by hepatitis C virus-associated non-Hodgkins’s lymphomas.
Eur ] Immunol 2002; 32:903~10.

Sugai S, Saito I, Masaki Y et al. Rearrangement of the rheumatoid
factor-related germline gene Vg and bcl-2 expression in lymphop-
roliferative disorders in patients with Sjogren’s syndrome. Clin
Immunol Immunopathol 1994; 72:181-6.

Szodoray P, Jonsson R. The BAFF/APRIL system in systemic
autoimmune diseases with a special emphasis on Sjogren’s
syndrome. Scand ] Immunol 2005; 62:421-8.

Groom J, Kalled SL, Cutler AH et al. Association of BAFF/BLyS
overexpression and altered B cell differentiation with Sjogren’s
syndrome. J Clin Invest 2002; 109:59-68.

Diss TC, Peng H, Wotherspoon AC, Pan L, Speight PM, Isaacson
PG. Brief report. a single neoplastic clone in sequential biopsy
specimens from a patient with primary gastric-mucosa-associated
lymphoid-tissue lymphoma and Sjogren’s syndrome. N Engl ] Med
1993; 329:172-5.

Pablos JL, Carreira PE, Morillas L, Montalvo G, Ballestin C, Gomez-
Reino JJ. Clonally expanded lymphocytes in the minor salivary
glands of Sjogren’s syndrome patients without lymphoproliferative
disease. Arthritis Rheumn 1994; 37:1441-4.

Lasota J, Miettinen MM. Coexistence of different B-cell clones in
consecutive lesions of low-grade MALT lymphoma of the salivary
gland in Sjogren’s disease. Mod Pathol 1997; 10:872-8.

Jordan R, Diss TC, Lench NJ, Isaacson PG, Speight PM. Immuno-
globulin gene rearrangements in lymphoplasmacytic infiltrates of
labial salivary glands in Sjogren’s syndrome. A possible predictor of
lymphoma development. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1995; 79:723-9.

Aiello AMQ, Diss TC et al. Simultaneous phenotypically distinct
but clonally identical mucosa-associated lymphoid tissue and fol-
licular lymphoma in a patient with Sjogren’s syndrome. Blood
1999; 94:2247-51.

Gellrich S, Rutz S, Borkowski A et al. Analysis of V(H)-D-J(H) gene
transcripts in B cells infiltrating the salivary glands and lymph node
tissues of patients with Sjogren’s syndrome. Arthritis Rheum 1999;
42:240-7.

Hansen A, Reiter K, Pruss A et al. Dissemination of a Sjogren’s
syndrome-associated extranodal marginal-zone B cell lymphoma:
circulating lymphoma cells and invariant mutation pattern of
nodal Ig heavy- and light-chain variable-region gene
rearrangements. Arthritis Rheum 2006; 54:127-37.

Mariette X. Lymphomas in patients with Sjogren’s syndrome:
review of the literature and physiopathologic hypothesis. Leuk
Lymph 1999; 33:93-9.

Sugai S, Masaki Y, Dong L. Lymphoproliferative disorders in
patients with Sjogren’s syndrome. Autoimmun Rev 2004; 3
(Suppl. 1):567-9.

© 2007 British Society for Immunology, Clinical and Experimental Immunology, 150: 279284



Current Immunology Reviews, 2007, 3, 289-296 289

Sjogren’s Syndrome and Lymphoma Development

Lingli Dongl’z, Yasufumi Masakil, Masao Tanaka', Toshihiro Fukushimal, Toshiro Okazaki® and

. . *
Hisanori Umehara™!

"Division of Hematology and Immunology, Department of Internal Medicine, Kanazawa Medical University, Ka-

hoku-gun, Ishikawa 920-0293, Japan

Department of Hematology and Immunology, Tongji Hospital, Huazhong University of Science and T echnology, Wuhan,

Hubei, 430030, China

*Department of Clinical Laboratory Medicine/Hematology, Faculty of Medicine, Tottori University, Yonago, Tottori,

683-8504, Japan

Abstract: Primary Sjégren’s syndrome (pSS) is a systemic as well as an organ-specific autoimmune disease characterized
by lymphocytic infiltration of the glandular epithelial tissue. It has been reported that pSS patients have a relatively in-
creased risk for the development of lymphoma and various factors such as cytokine stimulation, environmental exposures
and viral infections as well as genetic events may contribute to the development of lymphoma in pSS patients. Over the
past few decades, numerous efforts have been undertaken to search for the relationship between lymphoma and pSS, for
example advances in molecular biology for clonality analysis and well-linked register cohort studies for the predictive
value of clinical, laboratory and histological findings. Despite this, mechanisms and prediction of lymphoma development
in pSS patients still remain to be defined. In this review we have summarized the current knowledge conceming incidence
and risk factors of lymphoma development in pSS patients. In addition, the most recent discoveries in the emergence and
treatment of lymphoma in pSS patients and the possible mechanism of lymphoma development are also discussed.

Keywords: Sjogren’s syndrome, lymphoproliferative disease, lymphoma.

INTRODUCTION

Sjogren’s syndrome (SS) is chronic autoimmune disease
characterized by destructive lymphocyte infiltration of sali-
vary and lacrimal glands, which results in dry eyes and dry
mouth. During disease progression, it may extend from an
autoimmune exocrinopathy to systemic disorder including
non-visceral (skin, arthralgia, myalgia, central and peripheral
nervous system) and visceral (lung, heart, kidney, gastroin-
testinal and endocrine) involvement. SS may occur alone
(primary SS; pSS), or in association with another
auto-immune diseases including rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE) or scleroderma, defined
as secondary SS. SS affects ~0.2-1.0% of general population
with a female preponderance (female to male ratio nine to
one) [1].

Despite extensive study of the underlying cause of SS,
the pathogenesis remains obscure. In broad terms, the
pathogenesis of SS is multifactorial and includes several
different steps induced by so called danger signals such as
foreign material (e.g. during infection), non-infectious (e.g.
oxidative stress) and DNA damage [2]. These steps include:
@Initiation: an initial danger signal (either viral or non-viral)
to the gland that leads to cellular necrosis or apoptosis with
subsequent expression of the Ro/SS-A and/or La/SS-B pro-
teins on the glandular-cell surface [3]. @Eestablishment:
Persistent abnormal immune responses such as T cell activa-
tion, autoantibody production by B cells and dysfunction of

*Address correspondence to this author at the Department of Hematology
and Immunology, Kanazawa Medical University, 1-1 Daigaku, Uchinada,
Ishikawa, 920-0293, Japan; E-mail: umehara@kanazawa-med.ac.jp
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dendritic cells (DC) in the salivary gland establish the
pathological lesion of SS. Increased expression of the cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA4) on sali-
vary gland tissue and haplotypes of CTLAA4, alterations in
the T-cell receptor (TCR) repertoire of infiltrating T cells [3,
4] and abnormal selection in editing Ig receptors on B cells
[5], may also contribute to form the pathological lesion. @
Perpetuation: production of cytokines by the injured gland
that up-regulates chemokines and cell adhesive molecules on
the high endothelial venules of the gland, a process that
promotes the migration of lymphocytes and dendritic cells in
the gland; Antigen presenting cells (APC) such as mono-
cytes, macrophages and dendritic cells, secret cytokines in-
cluding IL-1, IL-6, TNF-o, B-cell-activating factor (BAFF)
and IFN-o. BAFF secreted by APC strongly influences the
development of SS in both animal models and patients [6, 7].
IFN-o is produced during viral infection and is known to be
a potent danger signal that up-regulates cell surface expres-
sion of HLA class I or II and of costimulatory molecules
such as CD40L and B-7 [2]. Antibodies to Ro/SS-A antigen
(a ribonucleoprotein particle composed of hY-RNAs and two
proteins components of 60kDa and 52kDa confirming a ri-
bonucleoprotein complex) are produced by HLA-DR-posi-
tive B lymphocytes under the influence of T-helper lympho-
cytes. Although the cellular function of SS-A is unknown,
SS-B is an RNA polymerase cofactor and has been docu-
mented to bind viral RNA, suggesting that immuno-comp-
lexes containing anti-SS-A/anti-SS-B antibodies and ribonu-
cleo-protein may stimulate Toll-like receptor through
complex with double-stranded RNA [8]. @ Epithelial dam-
age: Production of IFN-o. by the dendritic cells perpetuates
the process of lymphocyte homing, activation and apoptosis

© 2007 Bentham Science Publishers Ltd.
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tion and apoptosis of glandular cells. It has been reported
that affected organs of SS produce increased IFN-o and car-
ry a molecular signature characterized by the expression of
IFN genes and IFN-dependent transcripts [9]. Subsequently,
an increase in apoptotic protease activities together with an
abnormal surface exposure of some cytoplasmic autoanti-
gens such as SS-A/SS-B may be involved in the progression
of self-protein proteolysis and tissue destruction. Thus, this
vicious cycle that links the innate and acquired immune sys-
tems may occur in SS patients [10] (Fig. 1).

INCIDENCE OF LYMPHOMA DEVELOPMENT IN
PSS PATIENTS

The most frightening complication of pSS is lymphopro-
liferative disease (LPD) such as B cell lymphoma, since pa-
tients with SS have a relatively increased risk for the devel-
opment of LPD compared with other autoimmune rheumatic
diseases. The high incidence of lymphoma in SS was first
reported in 1963 by Bunim and Talal [11]. Kassan ef al. have
reported that among 136 patients with SS admitted to the
National Institute of Health, seven patients were observed
with lymphoma development, thus the relative risk of lym-
phoma development was found to be 43.8 for SS [12].
Thereafter, the lifetime risk of incidence of lymphoma de-
velopment has been verified around 5%-10% in several
studies [13-15]. However, estimations of incidence are
generally based on a few lymphoma cases and/or a highly

Dong et al.

generally based on a few lymphoma cases and/or a highly
selected group of patients. Therefore, the magnitude of the
average lymphoma risk varies considerably among studies.
Recently, several large cohort studies and a meta-analysis
effectively estimate the incidence of lymphoma risk. Kauppi,
et al. reported that among hospitalized patients including 676
with primary and 709 with secondary SS lymphoma risk (
standardized incident rates; SIRs) was 8.7 in association with
PSS and 4.5 for secondary SS [16]. Another more recent
cohort study including 507 incident patients with pSS re-
vealed that the risk of developing lymphoma is about 16-fold
higher in patients with SS fulfilling the diagnostic Ameri-
can-European Consensus Criteria (AECC) compared with
those who did not fulfill them [17]. In their study, the risk
was more pronounced with longer follow-up time (>10
years) among AECC patients. A meta-analysis of the 20 co-
hort studies including 6 for SLE, 9 for RA and S for pSS
suggested that SIRs for non-Hodgkin lymphoma are 18.8,
7.4 and 3.9 for pSS, SLE and RA, respectively [18]. Moreo-
ver, some studies investigating lymphoma development in
PSS reported that those patients who develop a lymphoma
appear to have a greater risk of developing the second ma-
lignancy [13, 19]. The potential link between the develop-
ment of lymphoma and the subsequent development of addi-
tional cancers suggests that there may be a common etiology.
An alternative explanation might be that the lymphomas in

@ Perpetuation

@ Establishment

« Cytokines (BFAFF, IFNs)

» Chemokines

« HLA-DR expression

- Autoantiboies (antiSS-A/SS-B)

« T cell dysfunction
* B cell hyperactivity
+ DC dysfuntion

@ Initiation

*Virus
* Autoantigens
(S8-A/88-B) |

@ Epithelial Damage

» Apoptosis
- Altered epithelial repair
» Proteolysis

Fig. (1). Pathogenesis of primary SS. The pathogenesis of SS is multifactorial and includes several different steps. @ Initiation: An initial
event (either viral or non-viral) induces cellular necrosis or apoptosis, subsequently expressing the SS-A and/or SS-B antigens on the
glandular-cell surface. @ Establishment: T cell dysfunction, B cell hyperactivity and abnormal function of dendritic cell contribute to the
establishment of the histopathological lesions. @ Perpetuation: Production of cytokines (BAFF, IFNs, etc.) and chemokines by the injured
gland promote the migration of lymphocytes and dendritic cells in the gland.. IFNs up-regulate cell surface expression of HLA class I or II
and of costimulatory molecules such as CD40L and B-7.; production of antibodies to SS-A/SS-B antigens are produced by HLA-DR-positive
B lymphocytes under the influence of a T-helper lymphocytes.; @ Epithelial damage: Production of IFNs by the dendritic cells, which fur-
ther perpetuates the process of lymphocyte homing, activation and apoptosis of glandular cells.. Thus, this vicious cycle that links the innate

.and acquired immune systems may occur in SS patients.
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pSS are associated with suppressed immunity [20], thus
making the patients more susceptible to the second malig-
nancies.

Concerning lymphoma subtypes associated with pSS,
various lymphoma subtypes have been described in
literature. By case reports and case series, indolent lympho-
mas, such as mucosa associated lymphoid tissue (MALT)
lymphoma, are more commonly reported in SS patients, es-
pecially those with the parotid gland involvement [21-23]. In
contrast, two well-defined cohort studies of patients with SS
indicate that the predominance of MALT lymphoma may not
be as high as that described in initial reports and that dif-
fused large B cell lymphoma was the most common subtype
in SS patients [17, 24]. Therefore, besides the biologically
well defined association between SS and parotid MALT
lymphoma, there may also be a strong association with dif-
fused large B cell lymphomas subtype, although the putative
mechanisms underlying this association still remain unclear.
Other histological subtypes of malignant lymphoma for pa-
tients with pSS, such as follicle center lymphoma [25], lym-
phoplasmacytoid [12] and angioimmuoblastic T cell lym-
phoma, a relatively common type of T cell lymphoma in SS
[26] were also reported. The salivary glands are the most
common site, but other extra-nodal sites are also involved
such as stomach, nasopharynx, skin, liver, kidney and lungs.
Lymph nodes and bone marrow are also identified as initial
sites of transformation [27]. Gender differences in lym-
phoma development have not been evaluated due to the
heavy predominance of female patients with SS. Although
there have been case reports of the association of SS with
infectious agents, such as Helicobacter pylori, human herpes
virus 6, human T-lymphotropic virus type I and Epstein-Barr
virus, no increased occurrence of lymphoma with such infec-
tious agents has been reported in patients with SS [28].

PREDICTIVE RISK FACTORS FOR LYMPHOMA
DEVELOPMENT

Up to the present, many predictors of lymphoma devel-
opment have been identified. Clinical signs such as lympha-
denopathy, swollen salivary glands, palpable purpura or skin
vasculitis, peripheral involvement (i.e. peripheral neuropa-
thy, such as trigeminal neuropathy, sensorineural deafness,
mononeuritis multiplex and small fiber sensory neuropathy),
leg ulcers, low grade fever, use of cytotoxic drugs, younger
onset pSS and laboratory predictors such as anemia, lym-
phopenia, low levels of complement factor C3 and/or low C4
and cryoglobulinemia have been described. More recent and
systematic assessments by Theander et al. documented that
CD4+ T lymphocytopenia is an additional strong risk factor
for developing lymphoma in SS [17]. They also indicated
that the strongest predictor of lymphoma was a lowered
CD4+/CD8+ T cell ratio. One possible explanation for this is
that the traffic of CD4+ cells from the periphery into the
tissues results in a decreased number of circulating CD4+ as
well as a decrease in the CD4+/CD8 ratio. In Ioannidis’s
study, the presence of palpable purpura and low C4 levels at
the first visit adequately distinguished high-risk patients
(type I pSS) from patients with an uncomplicated disease
course (type II low-risk primary SS) [29]. Low levels of
complement factor C3 and/or low C4 could facilitate the
survival of auto-reactive B cells, subsequently increasing the
risk of unfavorable mutations, resulting in malignancy.
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CD27 expression has been shown in almost all types of B
cell lymphoma, suggesting that significantly enhanced ex-
pression of CD27 might serve as an early indicator of the
lymphoma development in pSS patients [30]. There are a
few reports concerning specific associations between im-
munosuppressive treatment and lymphoma risk in SS pa-
tients [31]. Taken together, we need to learn more about the
risk factors for development of B cell malignancies as well
as the mechanisms underlying risk factors in SS and we
should carefully identify individuals who are at substantially
increased risk of lymphoma development.

POSSIBLE MECHANISM OF LYMPHOMA DEVEL-
OPMENT

Primary SS has been described as an autoimmune exo-
crinopathy or epitheliitis with the major feature of lympho-
cytic infiltration in the grandular epithelial tissue, which
consists of T cells (mostly CD4+ cells) and B cells. SS pa-
tients who have insufficient infiltration to meet the biopsy
criterion might be less likely to have a chance of developing
lymphoma suggesting the importance of interaction among T
cells, B cells and epithelial cells [32]. Here we will discuss
the recently proposed possible mechanisms underlying the
development of B cell lymphomas, including defects in
apoptosis and the mutageniecity of B cells, T cell modula-
tion, persistent antigenic stimulation and the effects of vari-
ous molecular such as BAFF (BlyS) [7] or type I interferons
[33].

T Cell Modulation

The lymphocytes infiltrated in the minor salivary glands
are predominantly T-cells with a bias towards CD4+ T cells
rather than CD8+ T cell (CD4/CDS8 ration > 2). Most CD4+
T-cells are of a primed memory phenotype (CD45RO+) and
over 50% of all T cells express CD40/CD40L [34]. In S8, it
is possible that regulatory T cells might inhibit protective
polyclonal T cell lymphocytic infiltration in mucosal and
exocrine tissues, allowing clonal B lymphoid cells to escape
immunological surveillance and elimination [35]. Moreover,
T cells can stimulate B cells through the CD40L-CD40 in-
teraction in conjunction with the action of various cytokines
and chemokines [36], or through the production of BAFF or
other promoters of B cell proliferation, which in turn may
enhance the tendency toward the development of lymphoma.

Abnormal B Cell Biology (Distribution, Mutgenesis and
Clonal Expansion)

Analyses of the distribution of B cell subpopulations
from patients with pSS revealed that the number of circulat-
ing CD27+ memory B cells was reduced. In contrast, accu-
mulation of the CD27+ memory B cells in the inflamed sali-
vary glands was inflated. Remarkably, SS patients with lym-
phoma uniquely exhibited an increase in CD27-expressing B
cells, including CD27 (high) plasma blasts [37]. Extensive
analyses of the mature B-cell subsets (Bm1-BmS5 classifica-
tion of peripheral blood B cells in pSS) by Bohnhorst ef al.
showed further altered proportions of most mature B-cell
subsets in pSS compared with a healthy donor and RA pa-
tients [38]. Although it is unclear whether these alterations
reflect a disturbance in B cell trafficking and/or alteration in
B cell differentiation, the biased repertoire may potentially
contribute to lymphoma development [39]. In this regard,
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[39]. In this regard, Groom et al. have reported the elevated
levels of BAFF in sera and salivary tissues from pSS patients
[7]. Since BAFF specifically regulates B lymphocyte prolif-
eration and survival, altered B cell differentiation and toler-
ance induced by excess BAFF may be involved in lym-
phoma development.

Mutagenicity of B cell is another potential mechanism
for lymphoma in SS [33, 40]. Hansen, ef al. found that the
proportion of B cells expressing mutated V(H) genes was
significantly higher in B-cells isolated from the parotid gland
compared with circulating B cells. Furthermore, V(L) gene
analysis of B cells isolated from salivary glands revealed
biased usage of the V(L) chain gene [41]. As we know, im-
munoglobulin generation occurs early in the development of
B cells in the bone marrow. During later steps of B cell de-
velopment, immunoglobulins undergo recombination, so-
matic mutation and isotype switching. These events require
breaking and reconnecting DNA, subsequently increasing
the risk of chromosome translocation of oncogenes such as
Bcl-2 [42] and c-Myc to immunoglobulin loci (chromosome
14q32). Mutagenesis during these processes may result in
generation of defective apoptosis and proliferation-enhanced
B cells, which would tend to favor the development of lym-
phoma [33].

It has been demonstrated over the past few years that the
transition from autoimmune state to lymphoma is a
multi-step process and that chronic stimulation by exoanti-
gen or autoantigen plays an important role in the develop-
ment of these tumors by driving the proliferation of specific
B cells and increasing the frequency of their transformation
[27, 43]. In addition, immunoglobulin is proposed to be an
important factor in stimulation rheumatoid factor-producing
clones [44] and the development and expansion of
MESA-associated clones. MALT lymphomas express a
unique antibody repertoire with frequent rheumatoid factor
reactivity [45]. Prolonged inflammation due to persistent
antigenic stimulatory organisms such as Helicobacter pylori
[46] may also be associated with the development of lym-
phoma. It has been reported that Helicobacter pylori stimu-
lates tumor growth with the help of T cells in gastric MALT
lymphomas [47] and that antibiotics regress MALT lym-
phoma. These evidences support the speculation that chronic
antigenic stimulation by Helicobacter pylori may play a role
in development of MALT-type B cell lymphoma [48].

Virus

A number of viruses have been suspected to launch pSS,
including herpes virus 6, cytomegalovirus, Epstein-Barr vi-
rus, human T lymphotropic virus type 1, human immunode-
ficiency viruses, human intracisternal A-type retrovial parti-
cle, human retrovirus 5, recently identified coxsackie virus
and so on. However, it remains unclear whether these viruses
serve as antigen in antigen-driven clonal B cell proliferation
[28]. Experimental, virological and clinical evidences have
revealed a close association between Hepatitis C virus
(HCV) and SS. However, a possible association between B
cell lymphoma and HCV is still controversial. Some studies
from Scandinavia and the US have found no association be-
tween SS and HCV [49, 50]. But recent studies have re-
ported similarities in the etiopathogenical mechanism of
lymphoma development in both patients with SS and those

Dong et al.

with HCV [51, 52]. Ramos-Casals et al. collected and char-
acterized a large number of SS patients with HCV who de-
veloped B cell lymphoma, then described that SS patients
with HCV and B cell lymphoma are characterized by a high
frequency of parotid enlargement and vasculitis, an immu-
nological pattern of the presence of RF and mixed type II
cryoglobulins, a predominance of MALT lymphomas and an
elevated frequency of primary extra-nodal involvement in
organs in which HCV replicates (exocrine glands, liver, and
stomach) [50]. One interpretation is that both SS and chronic
HCV infection are characterized by an underlying B cell
hyperactivity that is predisposed to monoclonal B cell selec-
tion, in some patients, to the development of an overt B cell
lymphoma. Human herpes virus infection has also been re-
ported to be linked with the development of MALT lym-
phoma in SS ptients [53]. In contrast, it has been reported
that lymphomas in SS are not associated with viruses such as
Epstein-Barr virus, human herpes virus 8, or human T lym-
photropic virus-1 [21].

Oncogenic Molecules and Others

Together with persistent antigenic stimulation, additional
oncogenic events such as inactivation of tumor suppression
gene and/or activation of proto-oncogenes are undoubtedly
required for lymphoma development. The role of tu-
mor-suppressor genes such as P53 probably is probably im-
portant for lymphoma development in SS [54]. The presence
of antibodies to p53 in sera from patients with SS and NHL
[55], as well as novel mutations of the p53 gene in MSG
from patients SS and NHL [54], undoubtedly implicated that
dysregulation of this tumor suppressor gene as a possible
mechanism for lymphoma development in SS. In addition,
partial loss of P53 tumor-suppressor activity is associated
with the development of low-grade MALT lymphoma,
whereas complete loss of the function is related to high grade
transformation [56]. Pisa, ef al. found high frequency of t
(14, 18) translocation in salivary gland lymphoma from SS
patients [57]. One study has shown evidence of defective
repair of a pro-mutagenic DNA base lesion,
O6-methylguanine, in the lymphocytes of patients with pSS
predisposed to lymphoma [58]. This raised the possibility
that pSS patients predisposed to lymphoma may have defec-
tive DNA repair mechanisms. Other genetic events such as
bcl-2 [42], c-Myc amplification or trisomy 3 may facilitate
the progression of low-grade MALT lymphoma to a more
malignant high-grade lymphoma [32, 33].

Cytokines

Cytokines as regulators of the immune system certainly
contribute to pathogenesis of SS as well as lymphoma de-
velopment in SS [32]. Thl and Th2 cytokine profiles have
been studied in blood and salivary gland tissues from pa-
tients with SS [39]. Analyses in humans showed that both
types of cytokines are expressed by lymphocytes infiltrating
the salivary glands of patients with SS. It has been suggested
that Th-2 cytokines are predominant in the early phase of SS
whereas a shift towards Th-1 cytokines is associated with
advanced lymphocytic infiltration at a later stage of disease
[59]. Most notably, recent studies have focused on the role of
BAFF in pathogenesis of pSS. BAFF is a member of the
TNF superfamily, also called the B lymphocyte stimulator
(BLys), that specifically regulates B lymphocyte prolifera-
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tion and survival. It has been reported that patients with pSS
have marked increase in level of BAFF in the serum and
target organs of the disease. Continuous B cell activation
induced by increased BAFF production may lead to the de-
velopment of B cell lymphoma [7]. Type I interferons can
increase expression of BAFF, which in turn is postulated to
tip the development of B cell lymphoma [9]. Taken together,
the complicated interactions and various factors in microen-
vironment of SS play an indispensable role in the genesis of
lymphoma (Fig. 2).

CLONALITY ANALYSIS IN LYMPHOMA DEVEL-
OPMENT

In contrast to the focal sialadenitis of the minor salivary
glands observed commonly in pSS patients, the lymphocyte
infiltration of the major salivary glands often forms secon-
dary lymph follicles. B cells have been shown to infiltrate
the glandular duct epithelium in pSS patients and thereby
contribute to the characteristic pattern of chronic lympho-
cytic inflammation, the so called myoepithelial sialadenitis
(MESA) or benign lymphoepithelial lesion. Patients with
clonal expansion of B cells in their salivary glands have been
suggested to be at high risk of developing lymphomas, and it
was hypothesized that chronic exogenous or endogenous
stimulation in MESA could play an important role in the
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lymphoproliferative process during the course of SS through
restricted usage of immunoglobulin heavy chain comple-
mentarities determining region 3 (IgVH-CDR3) from
MESA-associated clones [43, 60].

An evaluation of immunoglobulin heavy chain gene re-
arrangement has been used as a diagnostic assay to deter-
mine monoclonality in pSS patients with lymphoma over the
past decade [61]. By this method, we examined B cell clon-
ality in lymphoproliferative tissues from 6 primary SS pa-
tients associated with lymphoproliferative disorders or lym-
phoma. Three patients with sequential observation were
showed progressional clonal expansion with the presence of
the same subclone in different tissues during the course of
disease. Among them, one patient developed mu-
cosa-associated lymphoid tissue (MALT) lymphoma in
glandular parotid. The other three SS patients concomitant
with malignant B cells lymphomas showed different clonal
expansion of B cells between nodal sites and salivary glands
[62]. We summarized the literature regarding monoclonality
and lymphoma development including 45 patients with SS in
Table 1. Forty-two patients showed evidence of monoclonal
B cell expansion by PCR. Among them, however, only 16
patients developed lymphoma implying that the simple de-
tection of B cell clonality by PCR cannot be used as a crite-

Polyclonal
B cell proliferation

* BAFF
* IFNs
» Chemokines

I @ Inflammation |

* T cell dysfunction
* B cell hyperactivity

« DC dysfuntion

Oligoclonal
B cell proliferation

@) Monoclonal
B cell proliferation
(MALT lymphoma)

(& Monoclonal
B cell proliferation
(High-grade)

Fig. (2). Hypothetical model of lymphoma development in SS patients. The transition from autoimmune state to lymphoma is a multi-step
process and chronic stimulation by exoantigen or autoantigen plays an important role in the development of lymphoma by driving the prolif-
eration of specific B cells and increasing the frequency of their transformation. @ Inflammation: Infiltration of CD4+ T cells, memory B
cells and dendritic cells in the minor salivary glands perpetuate chronic inflammation. @ Polyclonal B cell proliferation: Increased produc-
tion of BAFF and IFNs in SS patients cause polyclonal B cell proliferation and thereby contribute to the characteristic pattern of myoepithe-
lial sialadenitis (MESA) or benign lymphoepithelial lesion. @ Oligoclonal B cell proliferation: BAFF specifically regulates B lymphocyte
proliferation and survival, altered B cell differentiation. Chronic stimulation by exoantigen or autoantigen may drive the proliferation of spe-
cific B cells through restricted usage of immunoglobulin heavy chain complementarity determining region 3 (IgVH-CDR3) and increasing
the frequency of their transformation. @ Monoclonal B cell proliferation: During B cell development, immunoglobulins undergo recombina-
tion, somatic mutation and isotype switching. These events may increase the risk of translocation of oncogenes such as Bcl-2 and ¢c-Myc to
immunoglobulin loci (chromosome 14q32). ® Transformation to high grade malignancy: Defect of P53 tumor-suppressor activity, high fre-
quency of t(14,18) translocation, amplification of bcl-2 and/or c-Myc, and trisomy 3 may facilitate the progression of low-grade MALT
lymphoma to more malignant high-grade lymphoma.
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Table1l. The Literatures of Monoclonality and Lymphoma Development
Author Year of Publication Journal Number of Cases SS Lymphoma Same Clone’ | Different Clone*
Diss PC 1993 The New England Journal of 1 155> |  MALToma 1
Medicine
Pablos JL 1994 Arthritis Rheum 14 188> B cell neoplasm 1
Oral Surgery Oral Medicine
Jordan R 1995 Oral Pathology 11 4SS-> lymphoma 4§
LasotaJ 1997 Mod Pathol 1 1SS> MAILToma 1
De Vita S 1997 Arthritis Rheum 6 1SS | Lymphoma (DLB) 1
Bathler DW 1998 Blood 7 588> lymphoma 4 1
Aiello A 1999 Blood 1 1SS> MALToma->FL 1
Gellrich S 1999 Arthritis Rheum 2 0 0 0 0
Gasparotto D 2003 Arthritis Rheum 1 18S> | Lymphoma (MZB) 1
Hansen A 2006 Arthritis Rheum 1 18S> | Lymphoma (MZB) 1
45 16 13 3

Same clone: malignant clone is from the initial lymphoproliferative glandular tissues by PCR and/or sequence, data to identify same monocloloan! or mutated monoclonal B cell

expansion with conserved amino acids sequence motifs in their CDR3. ¢ Different clone: different size of monoclonal bands by PCR or same size bands with distinct IgVH-CDR3
between initial lymphoproliferation and lymphoma. * Without sequence data, the result is from PCR. DLB, diffuse large B cell lymphoma; FL, follicular lymphoma; MZB, marginal

zone B cell lymphoma.

rion for diagnosis of B cell lymphoma. The malignant lym-
phoma clones established from 13 SS patients were identi-
fied as being derived from the initial clones in lymphoprolif-
erative glandular tissues, because both clones have the con-
served amino acids sequence motifs in the CDR3 by se-
quence analysis [43, 60, 63-70]. Although these SS patients
reported in the literature are not representative of all patients
with SS, it is likely that patients with the same and persistent
monoclonal B cell expansion in follow-up biopsy specimens
are at higher risk of developing lymphoma and that malig-
nant clones are derived from those in initial lymphoprolif-
erative glandular tissues. In contrast, other investigations
showed that the detection of monoclonality by immuno-
globulin gene rearrangement has not proved to be a reliable
predictor of clinical behavior in MESA, inasmuch as dis-
tinctly different B cell clones have been detected in different
biopsy specimens and follow-up biopsies from the same pa-
tient [60]. Similar cases were also observed in our study
[62]. Thus, it seems that the only molecular genetic analysis
of monoclonality has only a litter practical value in the
clinical diagnosis of salivary gland lymphoma in MESA.
Therefore, clinicians should be diligent in examining patients
with careful and correct evaluation for the evidence of lym-
phoma development.

THE MOST RECENT DISCOVERIES IN THE PO-
TENTIAL ROLE ON THE TREATMENT OF LYM-
PHOMA IN PSS

SS is at the crossroads of autoimmune disease and lym-
phoma malignancy. Therefore, treatment of SS-associated
lymphoma should target both the autoimmune and neoplastic
nature of the.disease. Several groups have observed that
combined therapy with rituximab was well tolerated and
proved to be effective on pSS-associated B cell aggressive
lymphomas (four patients by Voulgarelis’s group [71] and 4
of 5 by Seror’s group [72]), indicating that targeting of B

cells might be a promising treatment against pSS patients
with lymphoma. Another clinical group reported the
achievement of complete response in 3 of 4 patients with
SS-associated B cell lymphoproliferation during 4 years of
follow up after treatment with 2-chloro-2’-deoxyadenosine, a
deoxyadenosine analog that acts independently on cell divi-
sion. Therefore, a larger controlled trial is warranted to as-
sess the effectiveness of these two regimens in such patients.

In addition, BAFF is likely to be an attractive and prom-
ising target for rheumatic diseases and B cell lymphoma by
the reasomombh of its important roles in the pathogenesis of
pSS and involvement of B cell lymphoma. Modulating the
level and activity of BAFF may alleviate symptoms associ-
ated with the disease. Several potential therapeutic inhibitors
targeting BAFF such as anti-BAFF antibody and receptor Fc
fusion proteins are under investigation [73, 74].

SUMMARY

SS, at the crossroads of autoimmune disease and lym-
phoma malignancy, is a powerful model for the potential
msight into the pathogenetic mechanisms responsible for
lymphoma development. Moreover, the focus on
pre-lymphomatous stages is crucial to better understanding
the entire lymphomagenesis in SS. Monoclonal B cell pro-
liferation in salivary gland is a frequent event in patients
with pSS, but these cells are not necessarily malignant. It
turned out that the prediction of lymphoma by PCR amplifi-
cation of immunoglobulin heavy chain gene rearrangement
was not reliable. DNA sequence may provide insight of
clonal progression, although its predictive value of lym-
phoma is still controversial. Clinical symptoms and parame-
ters such as parotid enlargement, palpable purpura, low C4
levels, especially CD4+ T lymphocytopenia, are valuable
indicators for lymphoma development. The association be-
tween pSS and lymphoma is real. Thus, we need to examine
SS patients carefully to determine the disease progression
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and identify individuals who are at substantially increased

risk of

lymphoma development. Simultaneously, we need to

learn how optimally to intervene against this risk, although

the me

chanisms underlying lymphoma development in pSS

are complicated and mysterious.
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ABBREVIATION

APC = Antigen presenting cells
BAFF = B-cell-activating factor

HCV = Hepatitis C virus

MALT = Mucosa associated lymphoid tissue
MESA = = Myoepithelial sialadenitis
pSS = Primary Sjogren’s syndrome
RA = Rheumatoid arthritis

SIRs = Standardized incident rates
SLE = Systemic lupus erythematosus
SS = Sjogren’s syndrome
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Abstract Leukocyte adhesion and trafficking at the endot-
helium requires both adhesion molecules and chemotactic
factors. Fractalkine (CX3C) is a unique chemokine, and is
expressed on tumor necrosis factor-o- and interleukin-
1-activated endothelial cells (ECs). Fractalkine receptor,
CX3CR1, is expressed on NK cells, monocytes, and some
portion of CD4- and CD8-positive T cells. Interactions be-
tween fractalkine and CX3CR1 can mediate not only
chemotaxis, but also cell adhesion in the absence of sub-
strates for other adhesion molecules. Furthermore,
fractalkine activates NK cells, leading to increased cytotox-
icity and interferon-y production. Recently, accumulating
evidence has shown that fractalkine is involved in the
pathogenesis of rheumatoid arthritis and allied conditions.
This review examines new concepts underlying fractalkine-
mediated leukocyte migration and tissue damage, focusing
primarily on the pathophysiological roles of fractalkine in
rheumatic diseases.

Key words Chemokines - Fractalkine (CX3C) - Inflamma-
tion - Rheumatic disease - Vascular biology :

Introduction

The migration of leukocytes into extravascular tissues in-
volves a cascade of molecular events including the elabora-
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tion of chemotactic factors, the response to these factors,
the interaction of leukocytes with endothelial cells (ECs),
and leukocyte transmigration through the blood vessel
wall.'” The endothelium plays an important role in the re-
cruitment and emigration of circulating leukocytes into sites
of inflammation and immune responses, and ECs can be the
primary target of immunologic injury, which results in
vasculopathy and organ dysfunction.'™

Chemokines were first described as chemoattractant
cytokines synthesized at sites of inflammation and are major
regulatory proteins for leukocyte recruitment and traffick-
ing.** More than 50 chemokines have been identified to
date and are subdivided into four subfamilies, C-, CC-,
CXC-, and CX3C-chemokine, based on the number and
spacing of the first two cysteines in a conserved cysteine
structural motif. Different chemokine classes tend to ex-
hibit different ranges of leukocyte specificity, and the
chemokines produced during the inflammatory process are
expected to determine the extent, quality, and duration of
the cellular infiltrate.”” However, inappropriately elevated
expression of inflammatory chemokines may result in ex-
tensive tissue damage caused by activated leukocytes.™
Because fractalkine is expressed on ECs activated by
proinflammatory cytokines'" and has both chemoattractive
and adhesive functions,'' it is likely that fractalkine is
involved in the extravasation of leukocytes into inflamed
tissues in the inflammatory conditions such as rheumatic
diseases."*™

Fractalkine (CX3C chemokine)
Unique structure and function

Fractalkine, a large protein of 373 amino acids containing
multiple domains, is the first CX3C-chemokine to be
described and is structurally distinct from other
chemokines."”*"* Importantly, fractalkine is a transmem-
brane molecule expressed on the cell surface. Beginning
with its extracellular domain, the first 76 amino acids of
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Fig. 1. Schematic structure of fractalkine.”"* CX3C-chemokine,
fractalkine is a large protein of 373 amino acids containing multiple
domains and structurally distinct from other chemokines, i.e., CXCLs,
CCLs, and CLs. Beginning with the predicted signal peptide, it con-
tains an N-terminal chemokine domain (residues 1-76) with the unique
three-residue insertion between cysteines (CX3C), mucin-like stalk
(residues 77-317) with predicted O-glycosylated serine and threonine
(@), transmembrane domain (residues 318-336), and intracellular do-
main (residues 337-373). RR indicates a membrane-proximal dibasic
motif similar to a dibasic cleavage site in syndecans. CXCL16 (Bonzo
ligand) has a structure similar to that of of fractalkine

tractalkine comprise a chemokine domain with a novel ar-
rangement of cysteines (CXXXC: three amino acids sepa-
rate the first two cysteines). an extended mucin-like stalk, a
transmembrane domain, and an intracellular domain of 37
amino acids. Membrane-bound fractalkine can be markedly
induced on primary ECs by inflammatory cytokines such as
tumor necrosis factor (TNF)-o and interleukin (IL)-1, and
soluble fractalkine can be released, presumably by pro-
teolysis at a membrane-proximal dibasic cleavage site simi-
lar to those of syndecans, and exhibits an efficient
chemotactic activity for monocytes and T cells (Fig. 1)."
Following the original report that fractalkine receptor
(CX3CR1)-expressing cells adhered to immobilized
fractalkine," transfection studies with chimeric proteins re-
vealed that the mucin domain provides a stalk which ex-
tends the chemokine domain away from the endothelial cell
surface enabling presentation of the chemokine domain to
leukocytes and supporting cell adhesion.'™"” In addition to
the intrinsic adhesion function of fractalkine, we found that
soluble-fractalkine enhanced the binding of CX3CRI1-
expressing THP-1 cells to immobilized fibronectin and in-
tercellular adhesion molecule-1 (ICAM-1). This enhance-
ment was efficiently inhibited by a G; inhibitor, pertussis
toxin, suggesting that CX3CRI1 transduces signals to in-
crease integrin avidity through G protein activation (Fig.
2)."? Furthermore, THP-1 cells adhered to a fractalkine
transfected-ECV304 cells or TNF-o-activated human um-
bilical vein endothelial cells (HUVECs) more efficiently
than to control cells.”? Moreover, we observed that co-im-
mobilization of fractalkine with integrin ligands, including
either fibronectin or ICAM-1, enhanced cell adhesion com-
pared with that observed for the fractalkine interaction with

@ (b) (©

Fractalkine

Fig. 2a—c. Dual functions of fractalkine as an adhesion molecule and
chemokine."*™ a Soluble chemokines bind to specific receptors (CCRs
or CXCRs) and trigger integrin activation. Integrins with high avidity
bind to their ligands (ICAM-1 or VCAM-1) and support cell adhesion.
b Fractalkine, consisting of chemokine domain and mucin-like stalk,
are expressed as the membrane-bound form on activated endothelial
cells. Interaction between fractalkine and CX3CRI can suppose cell
adhesion without involvement of integrins. ¢ In addition to the intrinsic
adhesion function of fractalkine, CX3CRI1 can also transduce signals
for integrin activation. Therefore, fractalkine and integrins coopera-
tively mediate cell adhesion. /CAM-1, intercellular adhesion molecule-
1; VCAM-I, vascular cell adhesion molecule-1

CX3CRI or each integrin system alone."™ Taken together,
these findings suggest that fractalkine can function as an
adhesion molecule between fractalkine-expressing ECs
and CX3CRIl-expressing cells rather than a chemotactic
factor.”

Fractalkine receptor (CX3CR1) and leukocyte subset

CD4" helper T cells (Th) as well as CD8" cytotoxic T cells
(Tc) are subdivided into two distinct populations based on
the profile of cytokine production. Thl and Tcl cells secret
interferon (IFN)-y, TNF-B, and IL-2, mediate immune re-
sponses against intracellular pathogens, and are associated
with pathological process such as organ-specific autoim-
mune diseases. Conversely, Th2 and Tc2 cells produce IL-4,
IL-5, IL-6, and IL-13, mediate immune responses against
extracellular pathogens, and are associated with allergic
immune responses.'** Recent studies have shown that vari-
ous lymphocyte subsets with differential tissue tropism, in
accordance with their particular developmental stages and/
or functional properties, express specific chemokine recep-
tors.”"” Tt has been reported that Thi cells preferentially
express CCRS and CXCR3 (Thl-associated chemokine re-
ceptors), while Th2 cells preferentially express CCR4,
possibly CCR3 and CCRS8 (Th2-assocaited chemokine re-
ceptors). Helper T cells are further subdivided into two
distinct subsets according to the expression of CCR7;
CCRT' naive cells, CCR7" lymph-node homing memory
cells, and CCR7 tissue-homing effector memory cells.
Memory T cells lacking CCR7 produce the effector
cytokine IFN-y with rapid kinetics (effector memory T cells:
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Tey). whereas T cells expressing CCR7 represent a pool of
central memory T cells (Tcy).”

CDS" cytotoxic T cells start to express lytic mediators,
perforin and granzymes, during differentiation to memory/
effector stages after antigenic stimulation.” Terminally dif-
ferentiated effector CD8 T cells do not express CD27,
CD28 (costimulatory molecules), and CD62L (L-selectin),
and possess high cytolytic activity producing IFN-y and
TNF-o.**

Imai et al. have identified CX3CR1 and have demon-
strated that it is expressed on most CD16" NK cells, the
majority of CD14" monocytes, and a substantial fraction of
CD3" T cells."" Recently, we characterized the phenotypes
of lymphoid cells expressing CX3CR1. The majority of
CX3CRl1-expressing CD4™ and CD8" T cells co-express
CCRS5, but not CXCR3, suggesting that CX3CR1-express-
ing T cells partly overlap with Thl and Tcl cells, respec-
tively.” In addition, CX3CRI1-expressing cells including
CD4" T cells, CD8" T cells, ¥3 T cells, and NK cells, express
CD57 and CD11b (good markers for cytotoxic lympho-
cytes) and possess cytoplasmic granules containing perforin
and granzyme B.” Collectively, these data suggest that
CX3CRL1 is a highly selective chemokine receptor and sur-
face marker for cytotoxic effector lymphocytes including
NK cells, cytotoxic T lymphocytes (CTLs), and y6 T cells.™"
Fractalkine is also known to exert an effect on monocytes.
Bazan et al. reported that fractalkine induces the migration
of monocytes," and Imai et al. demonstrated that CD14*
monocytes express. CX3CR1." Profiles of CX3CRI-
expressing cells are summarized in Table 1.

Unique roles in cell transmigration

In the classical pathway of leukocyte migration, the first
step involves transient, selectin-mediated interactions be-
tween rolling leukocytes and the endothelium (rolling or
tethering). Next, integrins on leukocytes are activated by
chemokines that have been produced locally and presented
on glycosaminoglycans (triggering), resulting in firm adhe-
sion between leukocytes and endothelial cells (firm adhe-
sion). Leukocytes then extravasate through the vascular
wall and into the tissue (transmigration).'>” Prior to the
identification and description of fractalkine, chemokines
had been perceived to be secreted as the soluble molecule
and associate with the tissue matrix such as glycosaminogly-
can to retain themselves on the cell surface. Following this
binding, the interaction between chemokines and their spe-
cific receptors on leukocytes triggers activation of members
of the integrin family through a G protein-dependent
mechanism.”

In the case of fractalkine, the chemokine domain is
presented at the top of a cell-bound extended mucin-like
stalk and fractalkine itself functions as an adhesion
molecule,™>!! thereby obviating the need for both the
association with proteoglycans and other adhesion
molecules. Indeed, CX3CR1-expressing cells bind rapidly
and with high affinity to immobilized fractalkine or
fractalkine-expressing cells in both static and physiologic

Table 1. Profiles of CX3CR1+ cells

Expression of CX3CR1
CD4 T cell 5%
CDS T cell 40%
¥ T cell 70%
NK cell 90%
Monocytes 80%
B cell <1%

T cells (CD3+)

Naive Central memory Cytotoxic effector
(CD45RA+/CD27+)  (CD45RA-/CD27-)  (CD45RAx /CD27%)
CX3CR1+
Perforin+
Granzyme+
CD57+
CCR4+ CD11b+
CCR7+ CCR7- CCR7-
CD62L+ CD62L- CD62L-
CD28+ CD28- CD28-

NK cells (CD16+)
CX3CR1+, CXCRI+, Perforin+, Granzyme+

Macrophages (CD14+)

Immature Mature
CX3CR1+ CX3CR1++
CCR2+ CCR2-
CD62L+ CD62L-
Grl+ Grl-

flow conditions.'"'** Video microscopy revealed that

CX3CRI1-expressing cells adhere more rapidly to immobi-
lized fractalkine than to vascular cell adhesion molecule-1
(VCAM-1) without cell tethering and dislodging in flow
conditions.” Thus, fractalkine may facilitate extravasation
of circulating leukocytes by mediating cell adhesion
through the initial tethering and the final transmigration
steps (Fig. 3)."” In addition, we found that engagement of
both CX3CR1 and integrins through co-expression of
fractalkine and integrin ligands, such as intercellular adhe-
sion molecule-1 (ICAM-1) and VCAM-1, results in greatly
enhanced cell adhesion compared with each system
alone."™"

Cytotoxic function

Natural killer (NK) cells, which express cytolytic activity
without known prior antigenic stimulation, are thought to
mediate immunity against viruses and surveillance for pro-
tection against neoplastic transformation.” NK cells are
stimulated through NK activating receptors such as CD2,
CD16 and NKG2D, and can mediate target cell lysis
through several pathways including exocytosis of granules
containing lytic mediators, such as perforin and granzymes,
and CD95(Fas)-CD95L(FasL) interaction.”

Almost all NK cells express CX3CR1,"™ suggesting that
they are important effectors of the biological functions of
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fractalkine, i.e., chemotaxis and cellular activation. Cer-
tainly, soluble fractalkine can induce NK cell transmigra-
tion'' and enhance granule exocytosis and cytolytic function
of NK cells.” In addition, fractalkine-expressing ECV304
cells or HUVECs showed increased interaction with NK
cells and susceptibility to NK cell-mediated cytolysis, indi-
cating that fractalkine on ECs actually functions as a trig-
gering molecule for NK cell activation.™

Similar to NK cells, CX3CR1-expressing CD8" and CD4"
T cells, but not those without surface CX3CR1, showed
terminally differentiated effector phenotypes with cytotoxic
granules. We found that CD8" T cells sorted into CX3CR1-
positive population indeed possess much greater cytotoxic
activity than presorted or CX3CR1-negative CD8" T cells
by CD3 monoclonal antibody-mediated redirected cytotox-
icity assay.” These findings suggest that the expression of
fractalkine at the site of inflammation can attract and acti-
vate NK cells through CX3CRI1, and that NK cells, once
activated under such conditions, can lyse neighboring ECs
despite MHC class I expression."”

Roles in inflammation

Nishimura et al. have reported that transmigration of CD8§"
T cells (CX3CR1'/CCR5") and NK cells (CX3CR1"/
CXCRI") to secondary chemokines, macrophage in-
flammatory protein (MIP)-1B or IL-8, was significantly in-
creased in the presence of membrane-bound fractalkine.®
Thus, fractalkine expressed on inflamed endothelium may
play a role as vascular gateway for cytotoxic effector cells
(CX3CR1-expressing cells) by rapidly capturing them from
the blood, and by promoting their migration into tissue,
where Thl polarization may be occurring through IFN-y
production.

NK cells are important in innate immunity through pro-
duction of cytokines, including IFN-y, TNF-o, granulocyte-
macrophage colony-stimulating factor (GM-CSF), IL-3,
IL-5, IL-10, and IL-15.* Interferon-y, produced by NK cells
and Y3 T cells as well as Th1 cells, has also been shown to be
Thl cell polarization.”* Recently, Yoneda et al. reported
that stimulation of NK cells with immobilized fractalkine,
but not with soluble fractalkine, or coculture of NK cells
with fractalkine-expressing cells, markedly induced IFN-y
production,” suggesting a role for fractalkine expressed on
ECs in developing Thl responses."”"* Interferon-y also en-
hances expression of fractalkine on ECs,'"" indicating exist-
ence of a paracrine feedback loop system in which ECs may
be activated to produce more fractalkine (Fig. 4)."

Fractalkine in rheumatoid arthritis and allied
conditions

Inflammation is caused by proinflammatory cytokines pro-
duced by activated immune-potent cells. Inflammatory
cytokines, such as TNF-o and IFN-y, increase expression of
adhesion molecules and production of chemokines includ-
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ing fractalkine, leading to leukocyte transmigration into
tissues. Therefore, inappropriately elevated expression of
inflammatory chemokines may result in extensive tissue
damage and/or chronic inflammation. Since fractalkine
promotes cell transmigration and activates CX3CRI-
positive cells to produce IFN-y, it is likely that fractalkine is
involved in the immunopathogenesis of autoimmune dis-
eases through chronic inflammation."*"

Rheumatoid arthritis

Recently, several papers indicate that fractalkine may be
involved in pathogenesis of rheumatoid arthritis. Ruth et al.
have reported that increased expression of fractalkine and
CX3CR1 on synovial tissue macrophages, fibroblasts, en-
dothelial cells and dendritic cells in rheumatoid arthritis
(RA) patients as well as in an adjuvant-induced arthritis
model in rats.”** Furthermore, they observed that expres-
sion of fractalkine on CD14" monocytes and CX3CRI1 on
CD3" T cells in synovial fluids correlated positively with
morning stiffness and swollen joint count, respectively.”
Nanki et al. have reported that CX3CR1 expression on
CD4" and CD8" T cells was up-regulated in RA patients and
that these T cells in RA patients produced IFN-y and
TNF-o.* Similar results have been reported by Sawai et al.,
namely that fractalkine expression on fibroblast-like
synoviocytes co-stimulated T-cell-activating signals and
amplified proliferation and IFN-y production.”' Volin et al.
have reported that fractalkine in synovial fluid from RA
patients promotes angiogenic activity in vitro.” It has been
reported that antifractalkine monoclonal antibody amelio-
rates arthritis by inhibiting infiltration of inflammatory cells
into the synovium in collagen-induced arthritis mouse
model.#

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by multiorgan damage with infiltration
and sequestration of various immune potent cells. A variety
of diffuse and focal neuropsychiatric symptoms often occur
in SLE patients. Originally, fractalkine has been reported as
neurotactin to be expressed in brain inflammation.”® Yajima
et al. have reported that serum fractalkine levels were sig-
nificantly elevated in patients with SLE than in healthy
controls and correlated well with the SLE damage index,
titers of anti-DNA and anti-Sm antibodies, immune com-
plex, and serum complement levels.** They also reported
that fractalkine levels were significantly higher in cere-
brospinal fluid from SLE patients with neuropsychiatric in-
volvement that those without involvement.

Autoimmune diseases in MRL/lpr mice resemble human
SLE and are characterized by the dysregulation of
both cellular and humoral immunity. MRL/lpr mice sponta-
neously develop lethal glomerulonephritis in association
with an increase in circulating immune complexes, auto-
antibody production, and abnormalities of cytokines and
chemokines. There are a number of reports suggesting a
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Fig. 3a,b. Schematic model of classical and fractalkine-mediated path-
ways in the adhesion cascade.”™"* Leukocyte migration from the circu-
lation into the peripheral tissue is a stepwise process. a The classical
pathway. The first step involves transient, weak, selectin-mediated
binding (Tethering). Next. integrins on leukocytes are activated by
chemokines that have been presented on glycosaminoglycans (7rigger-
ing), resulting in firm adhesion between leukocytes and endothelial
cells (Adhesion). Finally, leukocytes migrate through the endothelial
layer in response to a chemokine gradient (Migration). b Fractalkine-

- adhesion

Fig. 4. Biological functions of fractalkine." 7, Engagement of CX3CR1
and integrins through coexpression of fractalkine and integrin ligands
results in firm adhesion. 2, CX3CR1-expressing cytotoxic effector cells
including NK cells, CD8" T cells and v8 T cells containing cytoplasmic
granules. When these cells are activated by membrane-bound
fractalkine or activating receptors, they may damage neighboring

mediated pathway. Fractalkine is expressed on endothelial cells as the
membrane-bound form and captures leukocytes in a selectin- and
integrin-independent manner. Interaction between fractalkine and
CX3CR1 can also increase integrin avidity, resulting in firmer adhe-
sion. Leukocytes then extravasate through the vascular wall and into
the tissue to a chemokine gradient. Fractalkine may facilitate extrava-
sation of circulating leukocytes by mediating cell adhesion through the
initial tethering and the final transmigration steps
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endothelial cells. 3, Membrane-bound fractalkine enhanced the effect
of other chemokines on migration of CX3CR1-expressing cells into
tissue. 4, Transmigrated CX3CR1-expressing cells, activated by
fractalkine, produce interferon-gamma (/FN-y), leading to Thl re-
sponse. IFN-y also enhances expression of fractalkine on endothelial
cells, indicating a paracrine feedback loop system
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role for fractalkine in human renal diseases (glomerulone-
phritis, renal tumor, and renal transplants) and in kidney
disease in animal models. For example, viral chemokine
similar to macrophage inflammatory protein I1 (vMIP-II),
with antagonistic activity for CC-, CXC- and CX3C-
chemokine receptors, reduced the infiltration of leukocytes
significantly and attenuated proteinuria in the rat crescent
glomerulonephritis model.” Feng et al. have reported that
anti-CX3CR1 antibody treatment dramatically blocked leu-
kocyte infiltration into the glomeruli, prevented crescent
formation, and improved renal function.* In SLE model
mice, Inoue et al. have reported that fractalkine antagonist
(fractalkine analogs truncated by >4 amino acid residues
from N-terminus) significantly reduced glomerular
hypercellularity, glomerulosclerosis, crescent formation,
and vasculitis compared with control mice.”

Systemic sclerosis

Systemic sclerosis (SSc) is an autoimmune disease with dis-
orders of connective tissue characterized by excessive fibro-
sis and vascular abnormality in the skin and internal organs.
Perivascular cellular infiltration is often observed in af-
fected lesions, and may promote endothelial damage and
fibrosis through the production of soluble mediators in pa-
tients with SSc. Hasegawa et al. have reported that expres-
sion of CX3CR1 on monocytes and T cells were increased
in lesions of skin and lungs, and that levels of soluble
fractalkine in SSc patients were higher than controls and
correlated well with erythrocyte sedimentation rates, digital
ischemia, and severity of pulmonary fibrosis.*

Myositis

Idiopathic inflammatory myopathy such as polymyositis or
dermatomyositis is characterized by chronic inflammation
of the voluntary muscles associated with infiltration of im-
mune competent cells, including CD4" and CD8* T cells and
monocytes, in the skeletal muscle. Infiltrated T cells express
cytotoxic molecules, such as granzyme and perforin, and
produce TNF-o and IFN-y. Nanki et al. have reported
fractalkine expression on mononuclear cells and endothe-
lial cells, and CX3CR1 expression on the infiltrated CD4"
and CD8" T cells in an experimental autoimmune myositis
mouse model. They also reported that treatment of ex-
perimental mice with antifractalkine monoclonal anti-
body significantly reduced the histopathological myositis
score, and infiltration of CD4" and CDS8" T cells and
macrophages.”

Pulmonary arterial hypertension

Pulmonary arterial hypertension (PAH) is a common com-
plication of systemic inflammatory conditions, such as SLE
and SSc, leading to progressive right heart failure and ulti-
mately death. This disease results from chronic obstruction
of small pulmonary arteries through endothelial and vascu-
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lar smooth muscle cell dysfunction accompanied by infiltra-
tion of T and B lymphocytes and macrophages. Balabanian
et al. have reported that CX3CR1 expression and function
are upregulated in circulating T lymphocytes, mostly of the
CD4" T cells, and soluble fractalkine concentrations are
elevated in patients with PAH. They also reported that
fractalkine mRNA and protein product are expressed in
pulmonary artery endothelial cells.””

Conclusions

The unique chemokine, fractalkine, can fulfill the dual
functions of an adhesion molecule and a chemoattractant.
Fractalkine is expressed on activated ECs, and functions
as a vascular gateway by attracting CX3CR1-expressing
NK cells, CTLs, and macrophages with immediate cytolytic
function. Inappropriate expression or function of
fractalkine might well be involved in inflammatory condi-
tions leading to vascular and tissue damage. Taken
together, fractalkine may be expressed in many tissues
and be involved in the accumulation of CX3CR1-positive T
cells at inflammation sites in rheumatoid arthritis and allied
conditions.
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Expression of receptor activator of nuclear factor-kb ligand in
synovial tissue: Comparison with degradation of articular
cartilage in temporomandibular joint disorders

Keiseki Kaneyama, DDS, PhD,* Natsuki Segami, DDS, PhD.® Jun Sato, DDS, PhD.®
Hiroshi Yoshimura, DDS, PhD,® and Rie Nishiura, DDS,® Ishikawa and Hokkaido, Japan
KANAZAWA MEDICAL UNIVERSITY AND HOKKAIDO UNIVERSITY

Objective. The present study was performed to investigate the correlations between expression of the receptor
activator of nuclear factor-xB ligand (RANKL) in synovial tissue and the degrees of synovitis, degeneration of articular
cartilage, and adhesions in patients with internal derangement (ID) of the temporomandibular joint (TM)).

Study design. Expression of RANKL, detected immunohistochemically, and the severity of arthroscopic features
(synovitis, degenerative changes of articular eminence, and adhesion) in 30 patients with 1D of the TM} were assessed

and the correlations between them were analyzed statistically.

Results. RANKL expression was detected in the cytoplasm of synovial lining cells, endothelial cells, and fibroblast
cells. However, there were no correlations between RANKL expression in any cell type and the severity of

arthroscopic features.

Conclusion. These observations indicated that the cellular source of osteoclastic differentiation exists in TMJ with ID
and may provide insight into the mechanism of osteoclast differentiation. (Oral Surg Oral Med Oral Pathol Oral

Radiol Endod 2007;104:e12-e17)

Arthroscopic investigations of patients with internal
derangement (ID) of the temporomandibular joint
(TM1J) have revealed a significantly high prevalence of
degenerative changes in the fibrocartilage of the artic-
ular eminence.!? The initial degenerative changes of
the TMJ are degradation and softening of the proteo-
glycans in the fibrocartilage of the articular eminence.'
These changes are followed by exposure of subchondral
bone and bone resorption by osteoclasts. Thus, degener-
ative changes appear to be related to osteoclastogenesis,*
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but the etiology of these changes is not yet fully under-
stood. Previously, we reported that in patients with ID of
the TMJ, a reduction in level of the osteoclast genesis
inhibitory factor, osteoprotegerin, may induce the devel-
opment of degenerative changes of articular cartilage.®
However, the mechanism by which the receptor activator
of nuclear factor-kB ligand (RANKL) promotes oste-
oclastic differentiation is still unclear.

RANKL is a newly discovered member of the tumor
necrosis factor ligand family and has been shown to
be essential for osteoclastogenesis.”®* RANKL is usu-
ally a transmembrane protein that interacts with RANK
expressed on osteoclast precursors of the monocyte/
macrophage lineage. The osteoclastogenic effect of
RANKL is strongly suppressed by osteoprotegerin,
which is a soluble decoy receptor for RANKL. More-
over, there is strong evidence that osteoprotegerin in-
hibits bone resorption both in vivo and in vitro.>"
Although RANKL plays a role in bone resorption in
other joints, the importance and role of RANKL in the
TMIJ have not yet been determined. Therefore, we inves-
tigated immunologically the expression of RANKL in the
TMJ with ID and assessed the correlation between
RANKL and arthroscopic intra-articular features of the
TMJ, such as degenerative changes in articular cartilage.

MATERIAL AND METHODS
Subjects

In the present study, we examined 30 patients with
ID of the TMJ (29 women and 1 man) who underwent
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Table I. Details of patients and percentage of RANKL.-stained cells

Degrees of arthroscopic features

Cells for stained for RANKL (%)

Duration  Maximum
of interincisal VAS  Morphology Degeneration

Case  Agelsex symptoms  opening  score of the of articular Synovial Endothelial Fibroblast
No. (y) (mo) (mm) (0-10) condyle Synovitis cartilage  Adhesions  cells cells cells
1 52/F 3 25 5 N 2 7 8 80 80 60
2 22/F 12 30 4 N 6 0 4 31 31 29
3 34/F 1 35 8 N 5 0 5 90 93 89
4 25/F 4 30 3 N 6 4 7 41 56 60
5 73/F 7 29 5 N 5 8 8 69 51 71
6 22/F 2 28 5 N 8 3 8 89 95 12
7 50/F 5 31 5 N 6 1 6 69 75 11
8 13/F 3 32 5 N 9 (] 5 5 88 51
9 36/F 9 38 8 N 5 4 7 79 87 55
10 40/F 1 30 4 N 9 2 7 93 93 89
11 S5/F 3 30 8 N 9 1 7 8 10 9
12 32F 5 30 7 N 4 1 9 89 91 83
13 23/F 15 36 5 N 5 2 5 70 87 67
14 39/M 2 33 2 N 9 1 7 89 95 94
15 17/F 2 38 9 N 4 0 7 78 91 81
16 24/F 2 36 9 N 8 1 5 90 7 42
17 56/F 5 32 3 N 5 0 7 89 90 90
18 18/F 2 30 8 N 2 0 5 84 70 20
19 24/F 4 33 6 N 5 2 6 10 36 25
20 52/F 2 32 1 N 3 7 7 88 80 40
21 38/F 13 24 7 N 3 7 10 65 95 61
22 40/F 2 28 8 N 5 0 7 88 93 81
23 17/F 4 33 6 F 5 0 7 33 91 87
24 38/F 1 31 8 F 5 0 4 91 81 9
25 24/F 1 30 8 F 8 (] 0 8 94 77
26 76/F 7 30 5 F 2 4 5 10 45 5
27 40/F 6 38 1 F 8 0 6 7 83 68
28 58/F 3 30 6 F 4 3 7 60 61 21
29 28/F 24 37 6 F 6 0 5 15 80 40
30 23/F 6 27 4 F 8 0 7 88 91 89
Means 40/M1 5 32 6 N22 6 2 6 63 76 54
*SD  17/F29 5 4 2 F8 2 3 2 32 22 30

VAS,visual analog pain scale.

arthroscopic lysis and lavage. Magnetic resonance im-
aging (MRI) indicated anterior disk displacement with-
out reduction in all of the patients. None of the 30
internally deranged joints showed bony changes or
flattening of the condyle alone on MRL.® Table I sum-
marizes the characteristics of the patients, their clinical
symptoms (age, duration of illness, maximwm interin-
cisal opening, visual analog pain scale (VAS) score
from 0 to 10), and the MRI findings.

Evaluation of arthroscopic findings

Conventional diagnostic arthroscopy of the whole
area of the superior joint compartment was conducted
and videotaped for periods of about 10 minutes, fol-
lowed by arthroscopic lysis and lavage. The degrees of
synovitis and degeneration of articular cartilage and
adhesion were estimated by inspection and palpation
with a probe, according to the criteria described in

previous reports’>!'> (Tables II, III, and IV; i.., the
most pronounced degree of synovitis in the superior
compartment was given a score on a scale of 0 to 10 by
2 oral surgeons, blinded to the patient’s name and
condition, while retrospectively viewing the video-
tapes).

Synovial tissues and immunohistechemical
staining

Synovial biopsy specimens approximately 2 mm in
diameter were obtained from the patients during arthro-
scopic lysis and lavage. Specifically, biopsies were
performed on the most affected synovial area undergo-
ing arthroscopy. Immediately after sampling, the spec-
imens were fixed in 4% paraformaldehyde for 8 hours
and embedded in paraffin. Consecutive sections were
cut and stained immunohistochemically using the avi-
din-biotin-peroxidase complex technique. Endogenous
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Table 11. Arthroscopic degree of synovitis

Grade Findings

0 Normal pale, almost translucent synovial lining with a fine
network of anastomosing small blood vessels

1 Increased vascularity and capillary hyperaemia (mild)

2 Increased vascularity and capillary hyperaemia (moderate)

3 Increased vascularity and capillary hyperaemia (severe)

4 Capillary dilatation and increasing network (mild to
moderate)

5 Capillary dilatation and increasing network (severe)

6 Contact bleeding occurs on probe palpation (mild to
moderate)

7 Contact bleeding occurs on probe palpation (severe)

8 Microbleeding and effusion

9 Granulative change, effusion, and debris (mild to
moderate)

10 Granulative change, effusion, and debris (severe)

Table 11, Arthroscopic degree of degeneration of ar-
ticular cartilage
Grade Findings

0 Normal articular cartilage

1 Softening on probe palpation (mild)
2 Softening on probe palpation (moderate to severe)
3 Convex/concave surface

4 Fibrillation (mild)

5 Fibrillation (moderate)

6 Fibrillation (severe)

7 Exposure of bone (mild)

8 Exposure of bone (moderate)

9 Exposure of bone (severe)

10 Intracapsular fibrosis

Table 1V. Arthroscopic degree of adhesions
Grade Findings

No adhesion, no fibrous change

Filmy adhesion (mild)

Filmy adhesion (moderate to severe)
Fibrosynovial band (mild to moderate)
Fibrosynovial band (severe)

Fibrous band (mild to moderate)
Fibrous band (severe)

Pseudocapsular wall (mild to moderate)
Pseudocapsular wall (severe)

Capsular fibrosis (mild to moderate)
Capsular fibrosis (severe)

— 0 00 N WU &WN—=O

(=}

peroxidase activity was blocked by immersing the sec-
tions in 0.3% H,0, in methanol for 10 minutes at room
temperature. The sections were treated with 0.1% tryp-
sin for 20 minutes at 37°C. After blocking nonspecific
binding with 1.5% normal horse serum for 20 minutes
at room temperature, the sections were treated with
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rabbit polyclonal antibody to RANKL (1:100 dilution;
Cosmo Bioscience Co., La Jolla, CA) for 60 minutes at
room temperature. The color was developed with dia-
minobenzidine. Negative controls in which the primary
antibody was replaced with normal rabbit IgG were run
with each specimen. The RANKL-stained cells were
counted in all regions, and the percentage of RANKL-
positive cells was calculated.

Statistical analysis

The correlations between the percentage of RANKL-
positive cells and the degree of each arthroscopic fea-
ture were analyzed statistically using the Spearman
rank correlation coefficient and the Mann-Whitney U
test. The correlations between the percentage of
RANKL-positive cells and the clinical symptoms were
analyzed statistically using the Spearman rank correla-
tion coefficient. Probabilities of less than .05 were
considered significant.

RESULTS

Arthroscopic features and immunohistochemical
detection of RANKL expression

The main arthroscopic features were synovitis and
adhesion (Table ). RANKL immunoreactivity in the
TMI was observed in the cytoplasm of the synovial
lining cells, endothelial cells of the blood vessels, and
fibroblasts (Table I and Fig. 1, A). The negative control
sections showed only background staining (Fig. 1, B).

Correlation between arthroscopic features
and RANKL expression

Table V shows the correlation coefficients among
each cell type for immunohistochemical expression of
RANKL. There were no correlations between RANKL
expression and the degrees of other arthroscopic fea-
tures (Table V and Fig. 2). With respect to degeneration
of the articular cartilage, all joints were classified into 2
groups according to whether degeneration of the artic-
ular cartilage was seen or not. That is, grade 0—which
is normal of articular cartilage—was regarded as con-
trol and was compared with degeneration of the artic-
ular cartilage, which was grade 1 to 10. There are no
correlations for immunohistochemical expression of
RANKL in the synovial lining cells, endothelial cells,
and fibroblasts between normal and degeneration of the
articular cartilage (Table VI).

Correlation between clinical symptoms and
RANKL expression

There were no correlations between the concentra-
tions of any of the RANKL expression and the clinical
symptoms (age, duration of symptoms, maximum in-
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Fig 1. A, Receptor activator of nuclear factor-xB ligand (RANKL) immunoreactivity in specimens from internal derangement
patients was observed in synovial lining cells (large arrows), endothelial cells of the blood vessels (arrowheads), and fibroblasts
(small arrows) in the synovial tissues (magnification X50). B, Negative controls using normal rabbit IgG in the same section

showed only background staining (magnification X50).

Table V. Correlation coefficients between arthroscopic
features and immunohistochemical expression of RANKL

Expression of RANKL
Synovial lining  Endothelial
cells cells Fibroblasts
Arthroscopic
features
Synovitis =13 (P = 85) 0.046(P=.37) 0.17(P= 41)
Degeneration 0.093 (P = 85) —.14(P=.23) —.12(P = .20)
of articular
cartilage
Adhesions 0.040 (P = .23) 0.035(P=.12) 0.12(P =.10)

terincisal opening, and visual analog pain scale score;
Table VII).

DISCUSSION

The results of the present study demonstrated for the
first time that RANKL is localized predominantly in the
synovial tissue of the TMJ with ID. This observation
indicated that the cellular source of osteoclastic differ-
entiation exists in TMJ with ID, and that not only
synovial lining cells, but also endothelial cells and
fibroblasts may be important stimulators of osteoclas-
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The degree of degeneration of articular cartilage (0-10)

Fig 2. The extent score of synovial cells stained for RANKL
and the degree of degeneration of articular cartilage are not
correlated significantly (Spearman correlation coefficient;
P = 85, r = 0.093).

togenesis. This was supported by the findings of recent
studies indicating the expression of RANKL in osteo-
arthritis of other joints.'*'* RANKL is expressed on
fibroblastlike synovial cells as well as on activated T
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Table VI. Relationship between degeneration of articular cartilage and immunohistochemical expression of RANKL

Expression of RANKL

Arthroscopic degree

of degeneration of Synovial lining cells

Endothelial cells Fibroblasts

articular cartilage Normal 0 Degeneration 1-10 Normal 0 Degeneration 1-10 Normal 0 Degeneration 1-10
Average (%) 60 65 71 62 47
SD : 35 30 25 29 29

P =387 P=24 P =17

Table VII. Correlation coefficients between clinical symptoms and immunohistochemical expression of RANKL

Expression of RANKL

Synovial lining cells Endothelial cells Fibroblasts
Clinical symptoms
Age 0.069 (P = .59) —032(P=.19) —0.059 (P = .62)
Duration of symptoms —-0.092 (P = .87) —0.082 (P = 92) —0.068 (P = .63)
Maximum interincisal opening —0.036 (P = .98) 0014 (P =77 —0.10 (P = 43)
VAS score 0.014 (P = .93) 0.095 (P = .84) 0.11 (P = .68)
VAS,visual analog pain scale.

cells in the synovial tissue of osteoarthritis (OA) pa-
tients. These cells may also be important stimulators of
osteoclastogenesis in OA, especially in erosive lesions
in the affected joints. On the other hand, there have also
been reports that RANKL expression was lacking or
weak in OA compared with rheumatoid arthritis (RA),
which is expressed at high levels in the synovial tis-
sue.”'® The reasons for these discrepancies remain
unclear, but they may be due to the differences in cell
types. methods, or the severity of inflammation in OA
joints between the studies. Thus, further studies are
required to investigate which cells play the most im-
portant roles in the expression of RANKL in the TMJ
with ID.

Degeneration of intra-articular cartilage based on
chondromalacia is one of the main pathological char-
acteristics of TMJ with ID." The present study was also
the first to compare the intensity of RANKL expression
with degenerative changes in the articular cartilage on
arthroscopy. However, no statistically significant cor-
relations were found. This result suggests that investi-
gation of RANKL expression in the rheumatoid syno-
vium may allow a better understanding of the
pathological conditions.'>'":'® Osteoclasts were identi-
fied at the pannus-bone and pannus-subchondral bone
junctions of RA joints, where they formed erosive pits
in the bone. RANKL mRNA was also expressed at high
levels in cells in the pannus, which are capable of
developing into osteoclasts. On the other hand, al-
though osteoclasts were formed within the intra-artic-
ular eminence and condyle of the TMJ, these oste-
oclasts were not in direct contact with synovial tissue of

the TMJ. That is, the intra-articular eminence and con-
dyle are only in contact with the anterior and posterior
synovial portions of the TMJ.>> Therefore, it remains
unclear how the osteoclasts are formed in TMJ away
from the sites of RANKL expression. It has been sug-
gested that T lymphocytes and monocytes in the syno-
vial fluid and tissue can differentiate into osteoclasts
under certain conditions and may have important roles
in osteoclastic bone degencration.m'” In addition, de-
spite the presence of severe inflammatory changes,
whether degenerative changes in articular cartilage can
occur is dependent on the presence and number of
osteoclasts.'>?° That is, degenerative changes of artic-
ular cartilage cannot develop in the absence of oste-
oclasts. Therefore, further studies are needed to define
the timing of RANKL expression in relation to the
development of synovitis and degradation of articular
cartilage and to precisely identify the cell types that
express RANKL in TMJ.

The main limitation of the present study was the lack
of control samples in the normal joints. This problem is
difficult to overcome, as it is impossible to obtain fresh
samples of synovial tissue from healthy people. There-
fore, with respect to degeneration of the articular car-
tilage, all joints were classified into 2 groups according
to whether degeneration of the articular cartilage was
seen or not. Although we think that those controls
would be control subjects for the present study, there
are no correlations between them. However, this does
not exclude the possibility that RANKL may play a role
in the pathogenesis of TMD. In the future, it will be
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necessary to investigate the RANKL in normal joints to
clarify the pathogenesis of the TMDs.

In conclusion, the expression of RANKL within cells
of the TMIJ provides insight into the mechanism of
osteoclast differentiation and function at sites of deg-
radation of articular cartilage. Our results suggest that
RANKL expression in these cells may be a good ther-
apeutic target in the prevention of osteoarthritic joint
destruction. Further molecular and biochemical studies
are needed to fully understand RANKI -induced bone
metabolism of the TMD.

REFERENCES

1. Quinn JH. Arthroscopic and histologic evidence of chondroma-
lacia in the temporomandibular joint. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1990;70:387-92.

2. Holmlund A, Hellising G. Arthroscopy of the temporomandibu-
lar joint: occurrence and location of osteoarthrosis and synovitis
in a patient material. Int J Oral Maxillofac Surg 1988;17:36-40.

3. De Bont LGM, Boering G, Liem RSB, Eulderink F, Westesson
PL. Osteoarthritis and internal derangement of the temporoman-
dibular joint: a light microscopic study. J Oral Maxillofac Surg
1986;44:634-43.

4. Blackwood HIJ. Arthritis of the mandibular joint. Br Dent J
1963;115:317-26.

5. Helmy E, Bays R, Sharawy M. Osteoarthrosis of the temporo-
mandibular joint following experimental disc perforation in Ma-
caca fascicularis. J Oral Maxillofac Surg 1988;46:979-90.

6. Kaneyama K, Segami N, Sato J, Nishimura M, Yoshimura H.
Expression of osteoprotegerin in synovial tissue and degradation
of articular cartilage: comparison with arthroscopic findings of
the temporomandibular joint disorders. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2003;96:258-62.

7. Yasuda H, Shima N, Nakagawa N, Yamaguchi K, Kinosaki M,
Mochizuki S, et al. Osteoclast differentiation factor is a ligand
for osteoprotegerin/osteoclastogenesis-inhibitory factor and is
identical to TRANCE/RANKL. Proc Natl Acad Sci U S A
1998;95:3597-602.

8. Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan CR, Burgess
T, et al. Osteoprotegerin ligand is a cytokine that regulates
osteoclast differentiation and activation. Cell 1998;93:165-76.

9. Takayanagi H, lizuka H, Juji T, Nakagawa T, Yamamoto A,
Miyazaki T, et al. Involvement of receptor activator of nuclear
factor kB ligand/osteoclast differentiation factor in osteoclasto-
genesis from synoviocytes in rheumatoid arthritis. Arthritis
Rheum 2000;43:259-69.

10. Kong YY, Feige U, Sarosi I. Bolon B, Tafuri A, Morony S, et al.
Activated T cells regulate bone loss and joint destruction in

11

12

13.

14.

16.

18.

19.

20.

Kaneyama et al. el7

adjuvant arthritis through osteoprotegerin ligand. Nature 1999;
402:304-9.

Kotake S, Udagawa N, Hakoda M, Mogi M, Yano K, Tsuda E,
et al. Activated human T cells directly induce osteoclastogenesis
from human monocytes: possible role of T cells in bone destruc-
tion in rheumatoid arthritis patients. Arthritis Rheum 2001;44:
1003-12.

Murakami K, Segami N, Moriya Y, lizuka T. Correlation be-
tween pain and dysfunction and intra-articular adhesions in pa-
tients with intemal derangement of the temporomandibular joint.
J Oral Maxillofac Surg 1992;50:705-8.

Nishimura M, Segami N, Kaneyama K, Suzuki T, Miyamaru M.
Proinflammatory cytokines and arthroscopic findings of patients
with internal derangement and osteoarthritis of the temporoman-
dibular joint. Br J Oral Maxillofac Surg 2002;40:68-71.
Komuro H, Olee T, Kuhn K, Quach J, Brinson DC, Shikhman A,
et al. The osteoprotegerin/receptor activator of nuclear factor
kappaB/receptor activator of nuclear factor kappaB ligand sys-
tem in cartilage. Arthritis Rheum 2001;44:2768-76.

. Nakano K, Okada Y, Saito K, Tanaka Y. Induction of RANKL

expression and osteoclast maturation by the binding of fibroblast
growth factor 2 to heparan sulfate proteoglycan on rheumatoid
synovial fibroblasts. Arthritis Rheum 2004;50:2450-8.

Crotti TN, Smith MD, Weedon H, Ahern MIJ, Findlay DM,
Kraan M, et al. Receptor activator NF-kappaB ligand (RANKL)
expression in synovial tissue from patients with rheumatoid
arthritis, spondyloarthropathy, osteoarthritis, and from normal
patients: semiquantitative and quantitative analysis. Ann Rheum
Dis 2002;61:1047-54.

. Gravallese EM, Manning C, Tsay A, Naito A, Pan C, Amento E,

et al. Synovial tissue in rheumatoid arthritis is a source of
osteoclast differentiation factor. Arthritis Rheum 2000;43:250-8.
Romas E, Bakharevski O, Hards DK, Kartsogiannis V, Quin
JMW, Ryan PFJ, et al. Expression of osteoclast differentiation
factor at sites of bone erosion in collagen-induced arthritis.
Arthritis Rheum 2000;43:821-6.

Pettit AR Ji H, von Stechow D, Muller R, Goldring SR, Choi Y,
Benoist C, et al. TRANCE/RANKL knockout mice are protected
from bone erosion in a serum transfer model of arthritis. Am J
Pathol 2001;159:1689-99.

Redlich K, Hayer S, Ricci R, David JP, Tohidast-Akrad M,
Kollias G, et al. Osteoclasts are essential for TNF-a-mediated
joint destruction. J Clin Invest 2002;110:1419-27.

Reprint requests:

Keiseki Kaneyama, DDS, PhD
1-1 Daigaku, Uchinada-machi
Kahoku-gun, Tshikawa-Pref.
920-0293 Japan
k-k@kanazawa-med.ac.jp

_34_



Bacterial diversity in synovial fluids of patients with TMD
determined by cloning and sequencing analysis of the 16S
ribosomal RNA gene
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Objective. The purpose of this study was to examine the presence of bacterial in synovial fluids from patients with
temporomandibular joint disorder (TMD) by polymerase chain reaction (PCR) targeting the 16S ribosomal RNA (rRNA)
gene, followed by cloning and sequencing.

Study design. Universal bacterial primers were used to amplify 165 rRNA genes in 28 synovial fluid samples from 27
patients with TMD (TMD group) as well as control subjects: 5 patients with dislocation of TM] (non-TMD group).
Subsequently, PCR amplicons were purified and cloned. Partial 165 rRNA sequences of the cloned insert were used to
determine the species identities or closest relative by comparison with known sequences using GeneBank.

Results. Nineteen (67.86%) of 28 samples from patients in the TMD group were identified with the presence of
bacterial DNA by PCR. The 5 control samples from the nonTMD group were all negative in this study. After cloning
and sequencing, a total of 11 bacterial species was detected, including Granulicatella adiacen (6 samples),
Pseudomonas sp. (6 samples), Methylobacterium sp. (5 samples), and Beta proteobacterium (4 samples). Other species,
such as Acidovorax sp., Bradyrhizobium sp., Sphingomonas, Streptococcus, Leptothrix sp. oral clone, Thiobacillus
denitrificans, and Comamonadaceae bacterium, were also identified. Eight patients were found with mixed bacteria,
with 2-4 bacteria per sample. The patients with fastidious bacteria such as Granulicatella adiacen and mixed bacteria
were more likely to be older than 45 years (P < .05).

Conclusion. A wide variety of bacteria, including some not previously reported associated with TMD, were identified
in the synovial fluids from patients with TMD. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008;105:566-71)

Temporomandibular joint (TMJ) disorder (TMD) is a
complex discasc which represents a group of painful
and dyslunctional conditions involving the TMJ. Al-
though the etiology of TMD has been reported as stress,
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trauma, hormonal imbalance, malocclusion, and so on,
the detailed mechanisms underlying the development
of TMD still remain largely unknown.! Recently, sev-
eral studies had reported that the presence of bacteria is
related to TMD; however, that was determined by
polymerase chain reaction (PCR) targeting limited spe-
cific bacterial species.”* which may have the possibil-
ity of missing the determination of some novel micro-
organisms.

Advances in molecular biology have permitted us to
perform the study of microbial communitics and obtain
improved information of bacterial diversity from clin-
ical synovial fluid samples. The 16S ribosomal RNA
(rRNA) molecular is a basic constitucnt of bactcrial
ribosome, which is a highly conserved structure with an
important function in protein synthesis. By designing
PCR primers complementary to conscrved rcgions of
the rRNA gene and subsequent cloning and sequencing
of the PCR products, the 16S rRNA gene sequences are
comparcd with othcr known 16S rRNA scquences to
identify the bacteria species. This approach has pro-
vided a useful way to identify fastidious, uncultivable,
and novel microorganisms.>*

In the present study, by PCR amplification of the
bacterial 16S ribosomal rRNA gene using universal
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bacterial primers, we identified the presence of bacie-
rial DNA in synovial fluids from patients with TMD.
Subsequently, followed by cloning and sequencing of
the PCR amplicons, we analyzed the bacterial diversity
based on information of nucleic acids from PCR am-
plification of the bacterial 16S rRNA gene. Further-
more, the relation between the obtlained bacteria infor-
mation and clinical parameters was analyzed.

MATERIAL AND METHODS
Subjects and clinical sample collection

Thirty-one synovial fluid samples were collected un-
der strictly ascptic conditions from 30 paticnts (26
women, 4 men; female-to-male ratio 6.5:1) with TMD
who underwent arthrocentesis for therapeutic purposes
at thc Kanazawa Mecdical University Hospital from
November 2005 to December 2006 after obtaining in-
formed consent. These patients showed painful hypo-
mobility of thc TMJ, and magnctic rcsonance imaging
(MRI) confirmed anterior disc displacement without
reduction in all except 2 cases (Table I). Antisepsis of
thc operation ficld was conducted with providonc-io-
dine by careful scrub to minimize contamination from
skin and other potential sources. Arthrocentesis was
performed as described previously.” In bricf, after a
local anesthesia (2% lidocaine), the synovial fluid was
taken by puncture with a sterile 21-gauge needle in-
serted inferolaterally into the superior joint space.
Then, samples were collected into sterile tubes and
shipped to the laboratory immediately. After the re-
moval of cells by centrifuging at 500g for 30 minutes at
4°C, DNA was extracted within 2 hours after collec-
tion. All steps were performed under strict sterile con-
ditions. Three samples were excluded because of blood
contamination. Five patients with dislocation of TMJ
were used as control subjects. The MRI observation
was as described previously.®° No patients were being
treated with antibiotics at the time of sample collection.

DNA preparation from the synovial fluid samples

The DNA was extracted using a commercial kit
(DNAzol Reagent; Invitrogen, Carlsbad, CA) accord-
ing to the manufacturer’s instruction. Control synovial
fluid samples including sterile water (Nacalai Tesque,
Kyoto, Japan) were run in parallel to check the sterility
of the solutions and buffer used in the DNA extraction
method.

PCR amplification of 16S rRNA gene

The PCR amplification of 16S rRNA gene was un-
dergone with previous published universal bacterial
primers (5'-GAT TAG ATA CCC TGG TAG TCC
AC-3’ and 5'-CCC GGG AAC GTA TTC ACC G-3).2
The PCR was performed in 50 pL reaction mixture
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containing 2.5 units Taq DNA polymerase (Takara Bio,
Kyoto, Japan), 1X PCR buffer with 1.5 mmol/l.
MgCl,. 200 pmol/L each deoxynucleotide, 0.2 pmol/L
each primer, and 10 pL emplate DNA. Reaction were
carried out in a thermal cycler (DNA Engine PTC-200;
Bio-Rad, Hercules, CA) beginning with an initial de-
naturation of 98°C for 2 minutes preceding the addition
of the DNA polymerase and terminated by an extension
step of 72°C for 10 minutes. Thirty-five round cycles
consisting of 96°C for 1 minute, 60°C for 1 minute, and
72°C for 1 minutc were performed. Each sct of exper-
iments included negative controls with sterile distilled
water instead of template DNA and positive controls
containing purificd DNA from Escherichia coli.'' Usc
of the primers would be expected to generate a frag-
ment of about 610 bp in length. The reaction products
were analyzed by 1.5% agarosc gel clectrophorcesis,
stained with ethidium bromide, and viewed under
ultraviolet light. Simultaneously, the presence of pre-
vious rcportcd Chlamydia tracbomatis and Myco-
plasma fermentans in the synovial fluid of TMD was
examined by PCR using its relative specific primers.”

Cloning and 16S rRNA gene sequencing

Amplicons were purified using Rapid PCR Purifica-
tion System (Marligen Bioscience, Ljamsville, MD).
Approximately 20 ng purified DNA was cloned using
T-A Cloning Kit (Invitrogen, Tokyo, Japan) according
to the instructions of the manufacturer. Up to 10 clones
containing the insertion for each sample were picked up
at random and cultured in 2 mL Luria-Bertani overnight
at 37°C. Plasmid DNA was cxtracted using QIAprcp
Spin Minipre Kit (Qiagen, Tokyo, Japan) and se-
quenced using the ABI Bigdye Terminator 1.1 Cycle
Sequencing Kit (Applicd Biosystems, Foster City, CA).
Sequencing reactions were performed with M13 primer
on the ABI 310 Genetic Analyzer (Applied Biosys-
tcms). Prccautions against contamination werc taken at
each step.

Analysis of 165 rRNA gene sequencing

The DNA sequences were analyzed by Genetyx-Win
(version 3.2) software. The partial 16S rRNA gene
sequences were used to determined identity or nearest
phylogenetic position. For identification of closest rel-
atives, the consensus sequences were compared with
16S rRNA gene sequence in GenBank databases using
the National Center for Biotechnology Information
Blast search tool (hup://www.ncbi.nlm nih.gov/BLAST/).

Statistics

The results were subjected to the independent-sam-
ple ¢ test, x” test, and bivariate analysis. A value of P <
.05 was considered to be statistically significant. The
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Table I. General characteristics of patients studied and bacteria species by PCR and cloning 168 tRNA gene
sequence

MRI

No.  Gender Age Diagnosis Joint pain MMO  Disk shape* Bone changei  Joint effusions Bacteria species

1 F 33 D + 40 2 3 - Streptococcus

2 F 34 D + 45 1 3 + Pseudomonas sp.

3 F 12 ID + 30 1 4 * —_

4 F 22 D + 30 1 4 + Methylobacterium sp.

5 F 34 0A + 38 2 1 * Pseudomonas sp.

6 F 18 D + 30 2 4 - —

7 F 34 D ++ 30 1 4 + —_

8 F 28 D ++ 30 2 2 * —

OA + 30 2 1 + Bradyrhizobium sp.
9 F 60 OA + 33 2 1 ++ Granulicatella adiacen
Methylobacterium sp.

10 M n ID + 22 1 4 ++ Acidovorax sp.

Granulicatella adiacen
Pseudomonas sp.

11 F 62 D ++ 35 1 2 ++ Granulicatella adiacen
Methylobacterium sp. '
Leptothrix sp. oral clone

12 F 42 D + 30 1 4 + Pseudomonas sp.

13 F 53 OA + 32 2 1 + Bradyrhizobium sp
Pseudomonas sp.
Sphingomonas

14 F 56 OA + 28 2 2 + Beta proteobacterium
Granulicatella adiacen

15§ M 34 D + 30 4 4 - —

16 F 27 ID + 32 2 4 + —

17 F 50 D + 40 2 4 - Bela proteobacterium
Granulicatella adiacen

18 M 18 D + 37 2 3 * —

19 F 36 D + 21 2 3 + —_

20 ¥ 52 m + 30 2 4 * Granulicatella adiacen
Thiobacillus denitrificans

21 F 47 D + 23 2 4 x Beta proteobacterium
Comamonadaceae bacterium
Sphingomonas

22 F 24 D + 34 2 4 * Methylobacterium sp.

23§ M 21 ID + 23 1 4 + Beta proteobacterium

24 F 20 m + 36 1 4 * Methylobucterium sp.

25 F 27 D + 42 1 4 * —

26 ¥ 41 OA + 35 2 2 - Pseudomonas sp.

27 F 58 OA + 37 1 1 * Granulicatella adiacen

Leptothrix sp. oral clone
Pseudomonas sp.

ID, internal derangement; MMO, maximum mouth opening; MRI, magnetic resonance imaging; OA, osteoarthrosis; PCR, polymerase chain
reaction.

*Disk shape: |, biconcave; 2, biconvex; 3, biplanar; 4, normal.

TBone change: 1, ++ exosion; 2, + osteophyte; 3, flattening; 4, normal.

+Joint effusion: —, high signal intensity is not visible in joint space; %, high spot signals are indentified in anterior recesses; +, band shape high
signals arc indicated in anterior and posterior recesses; + -+, high signal is depicted in wide arca in joint spacc as pooling.

§MRI of the TMJ showed normal disc position.

difference of bacterial presence between the TMD RESULTS

group (27 studied TMD patients) and the non-TMD The PCR amplification of 165 rRNA gene in deter-
group (5 control paticnts with TMJ dislocation) was mining the presence of bacterial DNA was cxaminced
compared. The association between the presence of using Escherichia coli as positive control. In 28 studied
each bacteria and clinical parameters was analyzed. TMIs, 19 were identified with the presence of bacterial
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Table I1. Incidence of bacterial species in 19 bacieria-
positive samples
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Table Ill. Signs and symptoms in juints with mixed
bacteria and single bacteria

Bacterial species No. of samples %

Granulicatella adiacens 6 31.6
Pseudomonas sp. 6 31.6
Methylobacterium sp. 5 26.3
Beta proteobacterium 4 21.1
Bradyrhizobium sp. 2 105
Streptococcus 2 10.5
Actdovorax sp. 2 105
Leptothrix sp. oral clone 2 10.5
Sphingomonas 2 10.5
Thiobacillus denitrificans 1 53
Comamonadaceae bacterium 1 53

DNA. No bacteria DNA was found in all 5 control
patients with dislocation of TMJ. The presence of bac-
terial DNA was significantly different between TMD
group and the non-TMD group (P < .01). The 28
samplcs of synovial fluids included 2 samples from the
bilateral TMJs of 1 patient. Sequencing was used (o
analyze a total of more than 200 clones from 19 sam-
ples with bacterial DNA. All 16S rRNA gene se-
quences showed >97% homology to sequences depos-
ited in Genebank. A total of 11 bacteria species were
identified, including Granulicatella adiacen (6 sam-
ples), Pseudomonas sp. (6 samples), Methylobacterium
sp. (5 samples), and Beta proteobacterium (4 samples).
Other species, such as Acidovorax sp., Bradyrhizobium
sp., Sphingomonas, Streptococcus, Leptothrix sp. oral
clone, Thiobacillus denitrificans. and Comamonadaceae
bacterium, were also detected. Some important clinical
paramcters of the paticnts studicd for the presence of
bacieria are summarized in Table 1. The incidence of
bacterial diversity in 19 bacterial positive patients is
shown in Table II. No bacteria DNA was found in all 5
control patients with dislocation of TMJ.

Fight patients were identified with mixed bacteria in
synovial fluid of TMJ. Among thcm, 6 paticnts were
found to contain Granulicatella adiacen, which is a
fastidious bacteria and has been considered as a possi-
ble cause of endocarditis. Moreover, those TMD pa-
tients with mixed bacteria, in particular with the exis-
tence of Granulicatella adiacen in synovial fluid, were
much more likely to be over 45 years old (Tablc IIT).

No significant association was found of bacteria
presence and species with other clinical parameters,
such as gender, TMJ pain, limitation of mouth opening,
and MRI finding, including disk shape and bone
change. Previously reported Chlamydia trachomatis
and Mycoplasma fermentans in TMD tissue were not
identified in any samples in the present swudy.

Presence of  Presence of

Absence of mixed single
bacteria bacteria bacterial
(9 joints) (8 joinis) (11 joints)
Age (yrs) 257 57+ 7% 308
Duration of illness 33+22 25 + 41 37+ 67
(month)
Opening degree (mm) 307 317 308

Data are presented as mean * SD.
*P < .05 compared with presence of single bacteria.

DISCUSSION

PCR assay of 16S rDNA has been widely used to
detect bacterial infection in a variety of clinical sam-
ples'>!?; however, it cannot be uscd to identify cach
pathogen, especially in case of mixed infection.'* In the
present study we used molecular biology based on a
broad-rangc PCR followed by scquencing and cloning
procedures. This approach provides us a complemen-
tary way to identify microorganisms from synovial
fluid samplcs, as wcll as allows us to dctect bacterial
diversity, including previously unknown pathogens and
potentially novel bacterial. First, the methodology
should be discussed here. It should be emphasized that
strict aseptic conditions were performed to avoid con-
tamination in each step both during surgery and in the
laboratory. Control samples from non-TMD patients in
the present study were all negative. Furthermore, con-
trol samples that were used to test the sterility of
solutions and buffer used during DNA preparation and
PCR also gave negative results. In addition, no ampli-
fication of bacterial DNA was seen in the PCR using
sterile water instead of template DNA, which also
argued against contamination of PCR reagents. There-
fore, our results on the presence of bacteria were very
reliable. This study thus may provide insight for the
identity of putative pathogens in TMD.

About 67.86% samples from patients with TMD
were identified with the presence of bacterial DNA by
PCR. Moreover, after cloning and sequencing, a total of
11 bacterial species were detected, and 8 out of 19
bacteria-positive samples contained multiple bacteria,
suggesting that it is not a specific species that contrib-
utes to the development of TMD. Granulicatella adia-
cen was detected in 31% of the bacteria-positive sam-
ples, which was considered to be a high incidence of
bacteria presence in the present study. It is a fastid-
ious bacteria and has been regarded as a possible agent
of bactcrcmia in ncutropenic paticnts and can causc a
variety of infections, primarily endocarditis.'® Interest-
ingly, most patients (6 of 8) with multiple bacteria were
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identified with the presence of this pathogen in their
synovial fluids; in addition, they were all over 45 years
old. Clinical data did not show any history or sign of
endocarditis. There are only several case reports con-
cerning joint infection caused by Granulicatella adia-
cen in litcrature.'®!” Take together, it is likcly that
Granulicatella adiacen may be a possible pathogen
requiring the coexistence of other pathogens to contrib-
ute to the pathogenesis of TMD, particularly in the aged
population. Pseudomonas sp., which also have been
previously identified as present in synovial fluid and
tissue from patients with reactive arthritis,’®'® was also
isolated from our clinical samples. indicating that it
may act as a pathogen in TMD. Methylobacterium sp.
are a group of aerobic gram-negative rod-shaped bac-
teria which were isolated previously from various en-
vironments. These bacteria were isolated from various
patient specimens, such as blood, cerebrospinal {luid,
sputum, bronchoscopic material, and so on.”® To our
knowledge, this is the first description of Methylobac-
terium sp. isolated from synovial fluids. Some cases of
human infcctions have been reported to be related to
these bacteria, and in all cases an underlying immuno-
suppression, €.g., leukemia, tuberculosis, AIDS, or al-
cohol abuse. Methylobacterium sp. might be a poten-
tially infcctious agent in TMD, becausc they arc
opportunistic pathogens; they are dilficult to cultivate
and identify. Other species detected in this study, such
as Beta proteobacterium, Streptococcus oralis strain,
Acidovorax sp., Bradyrhizobium sp., Sphingomonas,
Leptothrix sp. oral clone, Thiobacillus denitrificans,
and Comamonadaceae bacterium, have been reported
as either opportunistic or true pathogens in different
human diseases.'**' We may therefore speculate that
these unusual microorganisms arc difficult to isolatc in
culture and that they may have low pathogenic poten-
tial. Previously reported Chlamydia tracbomatis and
Mpycoplasma fermentans in TMD tissue were not iden-
tified in any samples in the present study, suggesting
that these 2 bacteria may not be major pathogens in
Japanese patients with TMD.

In conclusion, by PCR amplification of the bacterial
16S rRNA gene using universal bacterial primes, we
identified the presence of bacterial DNA in synovial
fluids from patients with TMD. Subsequently, followed
by cloning and sequencing of the PCR amplicon, we
analyzed the bacterial diversity based on information of
nucleic acids from PCR amplification of the bacterial
16S rRNA gene. A wide variety of bacteria, including
some not previously reported to be associated with
TMD, were identified in the synovial fluids of patients
with TMD. The presence of bacteria in TMIJ, either
single or concurrently with other bacteria, is related to
TMD.
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