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In the current issue of The American Journal of Pathology,
Armengol and colleagues1 document the structural char-
acteristics and functional competence of ectopic germi-
nal centers (GCs) in autoimmune thyroid disease. An
immunohistochemical dissection of the microarchitecture
of intrathyroidal lymphoid follicles identified them as an-
alogs of follicular structures found in secondary lymphoid
tissues. Morphological studies were complemented by
carefully chosen molecular studies that probed the com-
petence of the GCs. Cell proliferation and apoptosis in
the ectopic lymphoid microstructures resembled those of
ongoing GC reactions. Homing chemokines and high
endothelial venules were identified as necessary compo-
nents of cell recruitment and compartmentalization into
functional zones.

Probably the most important result of the study is the
finding that two of the major autoantigens implicated in
autoimmune thyroid disease, thyroglobulin and thyroidal
peroxidase, were selectively bound in the ectopic GCs,
suggesting that the GC reactions were committed to
these self antigens. GCs are critical in the development of
normal B cell immune responses because they provide
an infrastructure to capture and store antigen, which
drives B-cell division and maturation, selection of B cells
with high-affinity immunoglobulin receptors, and differen-
tiation of memory B cells and plasma cells. The current
study extends the biological function of GC reactions to a
pathogenic role in autoimmune responses. If intrathyroi-
dal lymphoid follicles are committed to the recognition of
the major autoantigens, pathways leading to their estab-
lishment gain relevance in the disease process and need
to be considered as fundamental pathogenic factors. The
study by Armengol and colleagues1 establishes that the
immunogenicity of self-antigens is ultimately determined
by their access to highly specialized lymphoid structures.
The host’s ability to create lymphoid microstructures in

nonlymphoid organs may, therefore, be a key determi-
nant in the pathogenesis of autoimmune diseases.

Lymphoid Organogenesis—The Cellular and
Molecular Ingredients

The task of the immune system, to protect the host from
all possible invading pathogens and from malignancies,
is enormous. To meet this challenge, it is equipped with
an array of T cells and B cells, each expressing a unique
receptor for a particular antigen. The diversity of these
receptors is so gigantic that antigenic invasion may not
elicit a sustained response unless the immune system
optimizes recognition and response. To generate protec-
tive antibody responses, the infrequent T- and B-cell
clones specific for the same antigen need to gather at a
site where the antigen is also available. The purpose of
secondary lymphoid tissue is exactly that of bringing
together antigen, T cells, and B cells, thereby establish-
ing a microenvironment that, by virtue of its three-dimen-
sional structure, optimizes communication between T
cells and B cells and the presentation of antigen to facil-
itate antigen-driven selection of expanding clones.2,3 Na-
ive T cells and B cells percolate through secondary lym-
phoid organs where antigens are being delivered by
sophisticated transport systems. When T cells and B cells
enter secondary lymphoid tissues, they home to distinct
compartments, the T-cell areas and the B-cell follicles.
They stay for several hours and then move on unless they
are held back by their specific antigen. Initial antigen-
specific interaction occurs at the interface of the T- and
B-cell zones. If appropriate conditions are met, GC reac-
tions are initiated. After migrating into the network of
follicular dendritic cells, B cells proliferate and mutate
their immunoglobulin genes and high-affinity mutants are
selected for survival. B-cell follicles with GC reactions
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exemplify the optimal relationship between microarchi-
tecture and function.

Of particular interest, GCs can be formed de novo in
nonlymphoid tissues by the process of lymphoid neogen-
esis.4 Follicular hyperplasia is typical for Hashimoto’s
thyroiditis,5 is found in salivary glands of patients with
Sjögren’s syndrome,6–8 in the thymus of patients with
Myasthenia gravis,9,10 and in the synovial membrane of
patients with rheumatoid arthritis.11–18 In addition to au-
toimmune syndromes, chronic infections with Helicobac-
ter pylori,19,20 hepatitis C,21,22 and Borrelia burgdorferi23

can also be associated with the formation of ectopic GCs.
A series of chemokines and cytokines has been impli-

cated in providing the cues for the cellular homing and
interaction in lymphoid organogenesis. The study by
Armengol and colleagues1 confirms that the identical
molecular mediators are also involved in inflammation-
associated lymphoid neogenesis, suggesting, not unex-
pectedly, that biological principles are shared in second-
ary and tertiary lymphoid structures. Among the
chemokines that regulate the compartmentalization of T
cells and B cells, CXCL13 (formerly BLC or BCA-1) and
CCL21 (formerly 6Ckine or SLC), have received particu-
lar attention. CCL21, which binds to CCR7, is expressed
by high endothelial venules and by cells in the T-cell
areas.24 Insufficient expression of CCL21 (characteristic
for mice with the spontaneous plt mutation)25 or disrup-
tion of CCL21-CCR7 interaction (generated by knocking
out the CCR7 gene)26 produces a defect in the entry of
naive T cells into lymphoid organs across high endothe-
lial venules and a disorganization of T-cell areas in lymph
nodes. Defects in lymphocyte compartmentalization in
mice deficient in RelB27 have also been attributed to
defective production of CCL21. Naive T cells can be
attracted by a second ligand of CCR7, CCL19 (formerly
MIP-3� or ELC); CCL19 derives from macrophages and
dendritic cells.28 Both CCL21 and CCL19 effectively reg-
ulate T-cell movement in vitro.24

The organization of B-cell follicles is closely correlated
with the action of CXCL13. Mice deficient for the CXCL13
receptor, CXCR5, have profound abnormalities in traffick-
ing of mature B cells to lymphoid follicles and lack splenic
follicles, inguinal lymph nodes, and most Peyer’s patch-
es.29 Aberrant expression of CXCL13 in pancreatic islets
of transgenic mice leads to the development of lympho-
cyte clusters with organized T-cell and B-cell zones, but
these clusters lack follicular dendritic cells and, thus, do
not represent classical GCs.30 In vitro, CXCL13 is a strong
B-cell attractant.

An important role in lymphoid organogenesis has been
assigned to cytokines of the tumor necrosis factor family.
Mice deficient in lymphotoxin (LT)-� or LT-� show pro-
found abnormalities in the organization of lymphoid or-
gans and are impaired in the production of CXCL13,
CCL19, and CCL21.31,32 Tumor necrosis factor-� and its
receptor, tumor necrosis factor-R1, are also needed for
normal development of lymphoid structures and the or-
dered expression of chemokines necessary for the re-
cruitment of lymphocytes into the T-cell and B-cell
zones.33,34 It has been suggested that CXCL13 is instru-
mental in maintaining follicular dendritic cell networks35

and that CXCL13-attracted B cells that home to the folli-
cles are the source of LT-�1�2, which is critical in the
generation and maintenance of established follicles.36,37

Ruddle and colleagues38 were the first to point out the
connection between inflammation and the formation of
ectopic lymphoid microstructures. They were able to in-
duce aberrant expression of fully organized GCs by in-
troducing an LT-� gene under the control of the rat insulin
promoter. Transgenic expression of CXCL13 in a similar
system was associated with the formation of compart-
mentalized lymphoid infiltrates, but there was no estab-
lishment of follicular dendritic cell (FDC) networks.30 A
central role of LT has been supported by the observation
that LT-� can induce the expression of adhesion mole-
cules and an array of chemokines39 and that ectopic
expression of CXCL13 and CCL21 can be achieved in
animals transgenic for LT-�.40

Armengol and colleagues1 support the concept that
these murine studies have relevance for lymphoid neo-
genesis in humans. Both CXCL13 and CCL21 were
expressed in thyroid tissue with ectopic GCs. CXCL13
expression has also been described for gastric mucosa-
associated lymphoid structures induced by H. pylori41

and for rheumatoid synovitis.42 In a recent study, we
carefully evaluated the contribution of homing chemo-
kines and LT-� and LT-� in rheumatoid arthritis (RA)-
associated lymphoid microstructures. The advantage of
rheumatoid synovitis lies in the heterogeneity of lymphoid
arrangements formed in the inflamed synovial mem-
brane, which allows for a direct comparison of different
lymphoid architectures.43,44 Tissues with GC reactions
have 10- to 20-fold higher transcription levels for CXCL13
and CCL21; however, these two chemokines can also be
detected in tissues lacking GCs.42 Other chemokines,
including CCL18 and CCL2, are abundant in rheumatoid
synovitis with no correlation between their transcription
and the resulting lymphoid microstructure. LT-� and LT-�
were produced at increased rates in follicle-forming tis-
sue samples but multivariate analysis identified only LT-�
as a predictor for GC reactions, suggesting that LT-�1�2
and not LT-�3 predisposes for follicular synovitis. Surpris-
ingly, LT-� and CXCL13 could substitute for each other in
promoting ectopic GC reactions, stressing our lack of
understanding of how chemokines and cytokines func-
tion in concert.

The likelihood that the chain of events culminating in
the formation of extranodal GCs can be explained at the
level of a single molecule is extremely low. We have
barely begun to take a look at the complexity of media-
tors, cells, signals, and interactions required to orchestrate
the events leading to the generation of lymphoid organs.
New experimental models will need to be developed to
mimic the complexity of cellular interactions within a to-
pographical organization. And, as always, studying hu-
man disease can be particularly fruitful in recognizing
basic principles of biology and pathophysiology.

Lymphoid Neogenesis—Apples and Oranges

Armengol and colleagues1 have carefully analyzed the
cellular components of the intrathyroidal follicles to con-
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firm their resemblance to tonsillar or nodal follicles. When
studying inflammatory infiltrates, it can be very difficult to
distinguish between different forms of lymphoid micro-
structures and to identify the physiological analog in sec-
ondary lymphoid structures. This is exemplified in rheu-
matoid synovitis. In the majority of patients with RA, T
cells infiltrate the synovial membrane in a seemingly ran-
dom manner;14,44 B cells and plasma cells may be
present. A strict correlation between the superficial syno-
vial layer or capillary networks and the T-cell infiltrates
suggest that the process of tissue infiltration is far from
being nonorganized. More intriguing are aggregates
composed of a fixed ratio of B and T lymphocytes.14,44

Such aggregates contain interdigitating dendritic cells,
lack FDCs, and have only few proliferating B cells. These
aggregates are not GCs but can easily be mistaken for
follicles. The analog of synovial T cell-B cell aggregates
in lymphoid organs has not yet been determined. Finally,
a subset of patients with RA forms classical ectopic GCs.
Patterns of lymphoid microstructures generated by pa-
tients with RA are stable within a given patient, are con-
sistent in distinct joints, and are maintained throughout
several years (C. M. Weyand and J. J. Goronzy, unpub-
lished observation). When analyzing the role of cytokines
and chemokines in forming sophisticated microarrange-
ments at extranodal sites, the intrinsic heterogeneity of
the disease process must be kept in mind.

A particularly interesting form of ectopic lymphoid mi-
crostructures is extranodal marginal zone B cell lym-
phoma of the mucosa-associated lymphoid tissue
(MALT) type. MALT lymphomas are neoplasms of post-
follicular memory B cells that arise in ectopic lymphoid
tissue that is recruited to anatomical sites containing
immune reactions to specific pathogens [H. pylori in the
stomach45 or B. burgdorferi in the skin46] or that represent
targets of autoimmune disorders [Hashimoto thyroiditis47

or myoepithelial sialadenitis of Sjogren syndrome48].
Even though the ectopic lymphoid tissue in which MALT
lymphomas arise frequently contains GCs, the cells of
MALT lymphomas are different from GCs. The cells of
MALT lymphomas do not spontaneously form GCs com-
posed of neoplastic cells, but can colonize pre-existing
follicles.49 They are negative for CD1050 and bcl-6.51

They contain immunoglobulin gene-point mutations in a
pattern indicating a postfollicular memory B cell.52 In
gastric MALT lymphomas, the specificity of the immuno-
globulin produced by the neoplastic cells is not directed
toward H. pylori, but rather the cells seem to represent an
outgrowth of autoreactive B cells.53 Finally, the microar-
chitecture of GCs is not necessary to maintain the growth
of MALT lymphomas. Rather, in those from the stomach,
T cells that recognize specific H. pylori strains are nec-
essary to maintain in vitro growth of the neoplastic B
cells.54 Therefore, development of MALT lymphoma
seems to result when clonal autoreactive B cells in ec-
topic sites escape the GC or other control mechanisms,
are stimulated to proliferate by antigen-specific T cells,
and acquire stable transforming genetic abnormalities.
The mere placement of GCs in nonlymphoid tissue sites
seems to be insufficient to give rise to B-cell malignan-
cies. In support of this concept, tertiary lymphoid struc-

tures in rheumatoid joints have not been associated with
MALT lymphomas. The lack of neoplastic transformation
in GCs associated with RA argues that antigen-driven T
cell-B cell interaction in nonlymphoid tissue sites is not
necessarily permissive for the escape of B lymphocytes
from normal growth regulation. The synovial membrane
may possess regulatory mechanisms that prevent B-cell
neoplasia, or RA-associated GCs may be fundamentally
different from MALT.

Lymphoid Neogenesis—The Host’s Decision

Given the stability and diversity of inflammation-associ-
ated lymphoid neogenesis, the question arises as to
which factors ultimately control the process. A critical
element is antigen, but equally important seem to be host
response patterns with a likely contribution of genetic risk
factors. Almost certainly, multiple contributing factors are
necessary to transform an inflammatory infiltrate into an
organized lymphoid structure that has the capability to
acquire novel functions and direct the course of autoim-
mune responses (Figure 1). Multivariate logistic regres-
sion analysis examining the power of different parame-
ters in predicting the formation of GCs in rheumatoid
synovitis identified three independent determinants,
CXCL13, LT-�, and CCL21.42 Other cytokines and che-
mokines produced in the lesion did not appear to be
primary determinants in the process of lymphoid organo-
genesis.

Antigen

The work of Armengol and colleagues1 strongly sug-
gests that the antigens to which the intrathyroidal GCs
are committed are components of the thyroid gland.
There is also evidence that B cells contributing to gastric
mucosa-associated lymphoid structures associated with
H. pylori infection are specific for bacterial antigens.55

The nature of the antigen in RA remains unresolved;
however, primary follicles are not present in synovial
lesions, and all follicles with FDC networks have ongoing
GC reactions, which lends strong support to the concept
that antigen recognition precedes (and drives) the gen-
eration of ectopic lymphoid tissue. One of the most inter-
esting questions is whether lymphoid neogenesis can
only be induced by a restricted panel of antigens. Miklos
and colleagues56 have reported a strong bias in the
repertoire of VH genes used by MALT lymphomas in
myoepithelial sialadentis and a nonrandomness in the
formation of the immunoglobulin CDR3 regions. These
data suggest that shared antigens are driving the pro-
cess of lymphoid neogenesis in Sjögren’s syndrome, in-
cluding the neoplastic transformation of the tissue-invad-
ing B cells.

CXCL13-Producing Nonlymphoid Cells

Inflammation-associated lymphoid neogenesis is a
nonrandom process preferentially occurring at selected
tissue sites, such as thyroid, thymus, salivary glands,
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gastric mucosa, and synovial membrane. It is conceiv-
able that the tissue site reacts to inflammatory injury with
a unique response program that determines organ spec-
ificity for downstream events. It will be interesting to dis-
cover which cells in the thyroid provide CXCL13 and
CCL21. In rheumatoid synovitis, antibodies to CXCL13
identified synoviocytes and endothelial cells in addition to
FDCs in established follicles. This raises the interesting
possibility that blood vessels and mesenchymal cells of
the synovial membrane contribute to the decision pro-
cess and, in part, determine the nature of the evolving
lymphoid microstructures as lymphocytes invade this tis-
sue site.

LT-�1�2� B Cells

The concentration of LT-� sequences in synovial tissue
was the strongest predictor for GC reactions.42 LT-� pro-
tein was detected on a small subset of B cells, some in
the mantle zone and some in the follicular centers. T cells
could also supply LT-�. The critical role of this molecule
in the process of ectopic GC reactions immediately
raises the question as to which B cells have the potential
to express this mediator. Surprisingly, almost all B cells in
the peripheral blood express cell surface LT-� (J. J.
Goronzy and C. M. Weyand, unpublished data). There-
fore, the ability of such B cells to enter the tissue and to
continue to produce LT-� becomes a limiting factor. We
propose that host differences exist in the expression of
LT-� on B cells and the recruitment of such cells to
inflammatory sites.

Recruitment of FDCs

Although host heterogeneity for CXCL13 production
and homing of LT-�-producing B cells may critically
shape the organization of tissue-invading inflammatory
cells, additional factors are almost certainly involved. In
the absence of CXCL13, CCL21, and LT-�, GCs are not
formed; however, the presence of these three mediators
is not sufficient to guarantee the successful creation of

ectopic GCs.42 In some instances, high levels of either of
the critical chemokines/cytokines are available, yet the
infiltrates fail to organize into secondary follicles. Consid-
ering the absolute necessity for FDCs to create a func-
tional GC, we propose that host variability exists in re-
cruiting these cells to nonlymphoid tissue sites. Their
cellular origin has remained an enigma. The total lack of
primary follicles gives evidence that follicular dendritic
cells are normally not represented at extranodal sites.
Thus, FDCs or their precursors would either need to be
recruited or, very unlikely, tissue-residing cells would
have to undergo differentiation into FDCs. The hypothesis
that the ultimate determinant in allowing for extranodal
lymphoid neogenesis is the ability of a host to mobilize
FDCs or their precursors and to seed them into nonlym-
phoid organs is appealing but awaits experimental con-
firmation.

T Cells

GC reactions that result in the selection of hypermutant
immunoglobulins, which give rise to high-affinity IgG an-
tibodies, are absolutely dependent on T-cell help. Anti-
gen-specific T cells encounter antigen on interdigitating
dendritic cells in T-cell zones, search for their B-cell
partner, and provide helper signals required for B-cell
proliferation and differentiation. T cell-B cell communica-
tion is facilitated by the CD40-CD40 ligand (CD40L) path-
way. Mutations in CD40L have been identified as the
underlying defect in patients with hyperIgM syndrome.
Such patients cannot generate high-affinity IgG re-
sponses and typically lack GC reactions.57 Observations
in mice rendered defective for the major T-cell co-stimu-
latory molecule, CD28, have also confirmed that second-
ary follicles can only be generated with intact T-cell
help.58 T-cell help seems even to be required for neo-
plastic B cells from MALT lymphomas. T-cell co-stimula-
tory molecules are expressed in low-grade MALT lym-
phomas in vivo, and MALT lymphoma B cells associated
with H. pylori infection have been reported to require
autologous T-cell help.54

Figure 1. Emergent pathways of lymphoid or-
ganization in autoimmune disease. We propose
that distinct pathways of lymphoid neogenesis
can be set in place by an antigen-driven im-
mune response occurring in extranodal tissue.
Selection of the pathway depends on modulat-
ing host factors, including the aberrant expres-
sion of cytokines/chemokines and the recruit-
ment of cellular components necessary for
certain types of lymphoid microstructures. The
organization of the lymphoid infiltrate may con-
fer capabilities that fundamentally affect the
quality and quantity of the pathological immune
response and thus have direct implications in
accelerating the breakdown in self-tolerance.
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Evidence has been provided that T-cell help support-
ing extranodal GCs derives from specialized T-cell sub-
sets. Whereas CD4 T cells regulate proliferation and dif-
ferentiation of B cells in lymph nodes, GC formation in
rheumatoid synovitis has been associated with CD8 T
cells. CD8 T cells expressing CD40L have been localized
to the perifollicular zone of synovial GCs.14 Functional
studies have established that these CD8�CD40L� T cells
produce interferon (IFN)-� and lack the expression of the
pore-forming enzyme perforin. Depletion of CD8� T cells
in rheumatoid synovitis, accomplished by treating human
synovium-SCID mouse chimeras with T-cell-directed an-
tibodies, abrogates tissue IFN-� and tumor necrosis fac-
tor-� production and also inhibits B-cell activity.59 Over-
all, these data suggest a unique role of CD8 T cells in
follicular synovitis. Involvement of CD8 T cells instead of
CD4 T cells in rheumatoid synovitis would predict that the
relevant antigen is not of exogenous origin but derives
from an endogenous pool of antigens. Exogenous anti-
gens are internalized by phagocytosis, targeted to lyso-
somes, digested into oligopeptides, and transported to
the cell membrane by HLA class II molecules. CD4 T
cells recognize peptide-HLA class II complexes. In con-
trast, endogenous antigens are degraded in the cyto-
plasm by the proteasome complex and transported to the
rough endoplasmic reticulum where they associate with
HLA class I molecules. Peptide-HLA class I complexes
stimulate the antigen receptor of CD8� T cells. The data
of Armengol and colleagues1 would suggest that endog-
enous antigen, such as thyroglobulin and thyroidal per-
oxidase, are particularly powerful in driving the formation
of GCs. T cells specific for autoantigens may thus be the
critical factor in determining whether the host is at risk to
develop GCs in nonlymphoid sites.

Ectopic GCs—Taking Autoimmunity into the
Fast Line

The work by Armengol and colleagues1 confirms and
extends the critical role of autoantigens in the disease
process of autoimmune thyroiditis. They found that most
of the intrathyroidal follicles bind thyroglobulin and thy-
roidal peroxidase. This provides solid support for the
horror autotoxicus model, in which one expects pathol-
ogy whenever forbidden clones escape from surveillance
mechanisms and generate immunity against self-anti-
gens. For decades, this model has been in competition
with the hypothesis that autoimmunity is not directed
against self-components but is ultimately induced by a
yet unidentified infectious agent. The commitment of in-
trathyroidal GCs to thyroglobulin and thyroidal peroxi-
dase would make a microbial antigen an unlikely driver of
the pathological immune response unless this response
were initiated by an exogenous antigen but targeted to
endogenous antigen by a molecular mimicry mechanism.

Considering the sophistication and the functional com-
petence of GCs, it is tempting to speculate that the es-
tablishment of these microstructures at ectopic sites,
where large amounts of autoantigen are available, is a
critical checkpoint in the maintenance and loss of self-

tolerance. Zinkernagel and colleagues60 have forwarded
the concept that the initiation of an immune response
requires the three-dimensional structures of lymphoid or-
gans, depends on the antigen storage capacity of lym-
phoid organs, and can only be successfully launched
with a critical density of immunocompetent cells.61 Induc-
tion of autoimmunity in animal models by simply provid-
ing high numbers of dendritic cells pulsed with antigen
support this notion. Establishing lymphoid architecture in
the close vicinity of autoantigen production sites would
certainly create a new balance of immune responsive-
ness and tolerance. The intrathyroidal follicles in ATD and
the synovial follicles in RA no longer depend on complex
transport systems ferrying autoantigens to secondary
lymphoid organs; they gain independence from several
restrictions and per se provide optimal conditions to
break self-tolerance.

Not only will ectopic lymphoid microstructures allow for
the handling and recognition of autoantigens, they will
also optimize the immune response. Through this mech-
anism, they pose an enormous threat to the host. No
longer does the autoimmune response need to work with
low-affinity IgM antibodies. Affinity maturation in GCs will
guarantee steady improvement in the antibodies and will
secure memory for these immune responses. One could
not think of a more efficient way to optimize the immune
reaction, yet the outcome is harmful and not protective for
the host. Outposts of lymphoid organs directly at the site
of inflammation may, therefore, not only be a fundamental
process in the loss of self-tolerance, but also add a new
dimension to the disease process. Considering that the
requirements for such a complex process are under ge-
netic control, it is likely that genetic polymorphisms of
molecules relevant in lymphoid neogenesis will eventu-
ally be identified as shared disease-risk factors in
autoimmune syndromes. At a minimum, the process of
ectopic GC formation will change the profile of autoanti-
bodies produced and, thus, the phenotype of disease.
Understanding the determinants that control the decision
to place lymphoid microstructures in nonlymphoid tissue
has multiple potentials. Suppressing the process could
possibly allow for the treatment of the most severe types
of autoimmune syndromes. Determining the genetic poly-
morphisms and antigenic features involved in the pro-
cess could lead to the identification of major acceleration
factors in autoimmunity.

References

1. Armengol MP, Juan M, Lucas-Martin A, Fernández-Figueras MT,
Jaraquemada D, Gallart T, Pujol-Borrell R: Thyroid autoimmune
disease: demonstration of thyroid-antigen specific B cells and recom-
bination-activating gene expression in chemokine-containing intra-
thyroidal active germinal centers. Am J Pathol 2001, 159:861–873

2. MacLennan IC: Germinal centers. Annu Rev Immunol 1994, 12:117–
139

3. McHeyzer-Williams LJ, Driver DJ, Mc-Heyzer-Williams MG: Germinal
center reaction. Curr Opin Hematol 2001, 8:52–59

4. Ruddle NH: Lymphoid neo-organogenesis: lymphotoxin’s role in in-
flammation and development. Immunol Res 1999, 19:119–125

5. Knecht H, Saremaslani P, Hedinger C: Immunohistological findings in
Hashimoto’s thyroiditis, focal lymphocytic thyroiditis and thyroiditis de

Lymphoid Neogenesis and Autoimmunity 791
AJP September 2001, Vol. 159, No. 3



Quervain. Comparative study. Virchows Arch A Pathol Anat Histol
1981, 393:215–231

6. Aziz KE, McCluskey PJ, Wakefield D: Characterisation of follicular
dendritic cells in labial salivary glands of patients with primary
Sjogren syndrome: comparison with tonsillar lymphoid follicles. Ann
Rheum Dis 1997, 56:140–143

7. Freimark B, Fantozzi R, Bone R, Bordin G, Fox R: Detection of clonally
expanded salivary gland lymphocytes in Sjogren’s syndrome. Arthri-
tis Rheum 1989, 32:859–869

8. Harris NL: Lymphoid proliferations of the salivary glands. Am J Clin
Pathol 1999, 111:S94–S103

9. Shiono H, Fujii Y, Okumura M, Takeuchi Y, Inoue M, Matsuda H:
Failure to down-regulate Bcl-2 protein in thymic germinal center B
cells in myasthenia gravis. Eur J Immunol 1997, 27:805–809

10. Murai H, Hara H, Hatae T, Kobayashi T, Watanabe T: Expression of
CD23 in the germinal center of thymus from myasthenia gravis pa-
tients. J Neuroimmunol 1997, 76:61–69

11. Young CL, Adamson III TC, Vaughan JH, Fox RI: Immunohistologic
characterization of synovial membrane lymphocytes in rheumatoid
arthritis. Arthritis Rheum 1984, 27:32–39

12. Iguchi T, Kurosaka M, Ziff M: Electron microscopic study of HLA-DR
and monocyte/macrophage staining cells in the rheumatoid synovial
membrane. Arthritis Rheum 1986, 29:600–613

13. Klimiuk PA, Goronzy JJ, Björnsson J, Beckenbaugh RD, Weyand CM:
Tissue cytokine patterns distinguish variants of rheumatoid synovitis.
Am J Pathol 1997, 151:1311–1319

14. Wagner UG, Kurtin PJ, Wahner A, Brackertz M, Berry DJ, Goronzy JJ,
Weyand CM: The role of CD8� CD40L� T cells in the formation of
germinal centers in rheumatoid synovitis. J Immunol 1998, 161:6390–
6397

15. Weyand CM, Klimiuk PA, Goronzy JJ: Heterogeneity of rheumatoid
arthritis: from phenotypes to genotypes. Springer Semin Immuno-
pathol 1998, 20:5–22

16. Berek C, Kim HJ: B-cell activation and development within chronically
inflamed synovium in rheumatoid and reactive arthritis. Semin Immu-
nol 1997, 9:261–268

17. Schroder AE, Greiner A, Seyfert C, Berek C: Differentiation of B cells
in the nonlymphoid tissue of the synovial membrane of patients with
rheumatoid arthritis. Proc Natl Acad Sci USA 1996, 93:221–225

18. Itoh K, Meffre E, Albesiano E, Farber A, Dines D, Stein P, Asnis SE,
Furie RA, Jain RI, Chiorazzi N: Immunoglobulin heavy chain variable
region gene replacement as a mechanism for receptor revision in
rheumatoid arthritis synovial tissue B lymphocytes. J Exp Med 2000,
192:1151–1164

19. Mazzucchelli L, Blaser A, Kappeler A, Scharli P, Laissue JA, Baggio-
lini M, Uguccioni M: BCA-1 is highly expressed in Helicobacter pylori-
induced mucosa-associated lymphoid tissue and gastric lymphoma.
J Clin Invest 1999, 104:R49–R54

20. Eidt S, Stolte M: Prevalence of lymphoid follicles and aggregates in
Helicobacter pylori gastritis in antral and body mucosa. J Clin Pathol
1993, 46:832–835

21. Freni MA, Artuso D, Gerken G, Spanti C, Marafioti T, Alessi N, Spa-
daro A, Ajello A, Ferrau O: Focal lymphocytic aggregates in chronic
hepatitis C: occurrence, immunohistochemical characterization, and
relation to markers of autoimmunity. Hepatology 1995, 22:389–394

22. Murakami J, Shimizu Y, Kashii Y, Kato T, Minemura M, Okada K,
Nambu S, Takahara T, Higuchi K, Maeda Y, Kumada T, Watanabe A:
Functional B-cell response in intrahepatic lymphoid follicles in
chronic hepatitis C. Hepatology 1999, 30:143–150

23. Steere AC, Duray PH, Butcher EC: Spirochetal antigens and lymphoid
cell surface markers in Lyme synovitis. Comparison with rheumatoid
synovium and tonsillar lymphoid tissue. Arthritis Rheum 1988, 31:
487–495

24. Zlotnik A, Morales J, Hedrick JA: Recent advances in chemokines
and chemokine receptors. Crit Rev Immunol 1999, 19:1–47

25. Luther SA, Tang HL, Hyman PL, Farr AG, Cyster JG: Coexpression of
the chemokines ELC and SLC by T zone stromal cells and deletion of
the ELC gene in the plt/plt mouse. Proc Natl Acad Sci USA 2000,
97:12694–12699

26. Forster R, Schubel A, Breitfeld D, Kremmer E, Renner-Muller I, Wolf E,
Lipp M: CCR7 coordinates the primary immune response by estab-
lishing functional microenvironments in secondary lymphoid organs.
Cell 1999, 99:23–33

27. Weih F, Warr G, Yang H, Bravo R: Multifocal defects in immune
responses in RelB-deficient mice. J Immunol 1997, 158:5211–5218

28. Ngo VN, Tang HL, Cyster JG: Epstein-Barr virus-induced molecule 1
ligand chemokine is expressed by dendritic cells in lymphoid tissues
and strongly attracts naive T cells and activated B cells. J Exp Med
1998, 188:181–191

29. Forster R, Mattis AE, Kremmer E, Wolf E, Brem G, Lipp M: A putative
chemokine receptor, BLR1, directs B cell migration to defined lym-
phoid organs and specific anatomic compartments of the spleen. Cell
1996, 87:1037–1047

30. Luther SA, Lopez T, Bai W, Hanahan D, Cyster JG: BLC expression in
pancreatic islets causes B cell recruitment and lymphotoxin-depen-
dent lymphoid neogenesis. Immunity 2000, 12:471–481

31. Fu YX, Huang G, Wang Y, Chaplin DD: B lymphocytes induce the
formation of follicular dendritic cell clusters in a lymphotoxin alpha-
dependent fashion. J Exp Med 1998, 187:1009–1018

32. Ngo VN, Korner H, Gunn MD, Schmidt KN, Riminton DS, Cooper MD,
Browning JL, Sedgwick JD, Cyster JG: Lymphotoxin alpha/beta and
tumor necrosis factor are required for stromal cell expression of
homing chemokines in B and T cell areas of the spleen. J Exp Med
1999, 189:403–412

33. Fu YX, Chaplin DD: Development and maturation of secondary lym-
phoid tissues. Annu Rev Immunol 1999, 17:399–433

34. Matsumoto M, Fu YX, Molina H, Huang G, Kim J, Thomas DA, Nahm
MH, Chaplin DD: Distinct roles of lymphotoxin alpha and the type I
tumor necrosis factor (TNF) receptor in the establishment of follicular
dendritic cells from non-bone marrow-derived cells. J Exp Med 1997,
186:1997–2004

35. Mackay F, Browning JL: Turning off follicular dendritic cells. Nature
1998, 395:26–27

36. Gonzalez M, Mackay F, Browning JL, MH, Noelle RJ: The sequential
role of lymphotoxin and B cells in the development of splenic follicles.
J Exp Med 1998, 187:997–1007

37. Endres R, Alimzhanov MB, Plitz T, Futterer AMH, Nedospasov SA,
Rajewsky K, Pfeffer K: Mature follicular dendritic cell networks de-
pend on expression of lymphotoxin beta receptor by radioresistant
stromal cells and of lymphotoxin beta and tumor necrosis factor by B
cells. J Exp Med 1999, 189:159–168

38. Kratz A, Campos-Neto A, Hanson MS, Ruddle NH: Chronic inflam-
mation caused by lymphotoxin is lymphoid neogenesis. J Exp Med
1996, 183:1461–1472

39. Cuff CA, Schwartz J, Bergman CM, Russell KS, Bender JR, Ruddle
NH: Lymphotoxin alpha3 induces chemokines and adhesion
molecules: insight into the role of LT alpha in inflammation and
lymphoid organ development. J Immunol 1998, 161:6853–6860

40. Hjelmstrom P, Fjell J, Nakagawa T, Sacca R, Cuff CA, Ruddle NH:
Lymphoid tissue homing chemokines are expressed in chronic in-
flammation. Am J Pathol 2000, 156:1133–1138

41. Mazzucchelli L, Blaser A, Kappeler A, Scharli P, Laissue JA, Baggio-
lini M, Uguccioni M: BCA-1 is highly expressed in Helicobacter pylori-
induced mucosa-associated lymphoid tissue and gastric lymphoma.
J Clin Invest 1999, 104:R49–R54

42. Takemura S, Braun A, Crowson C, Kurtin PJ, Cofield RH, O’Fallon
WM, Goronzy JJ, Weyand CM: Lymphoid neogenesis in rheumatoid
synovitis. J Immunol 2001, 167:1072–1080

43. Weyand CM, Goronzy JJ, Takemura S, Kurtin PJ: Cell-cell interactions
in synovitis. Interactions between T cells and B cells in rheumatoid
arthritis. Arthritis Res 2000, 2:457–463

44. Weyand CM, Braun A, Takemura S, Goronzy JJ: Lymphoid micro-
structures in rheumatoid arthritis. In Rheumatoid Arthritis. Edited by
JJ Goronzy, CM Weyand. Basel, Karger, 2000, pp 168–187

45. Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR, Isaacson PG: Helico-
bacter pylori-associated gastritis and primary B-cell gastric lym-
phoma. Lancet 1991, 338:1175–1176

46. Goodlad JR, Davidson MM, Hollowood K, Ling C, MacKenzie C,
Christie I, Batstone PJDO: Primary cutaneous B-cell lymphoma and
Borrelia burgdorferi infection in patients from the Highlands of Scot-
land. Am J Surg Pathol 2000, 24:1279–1285

47. Hyjek E, Isaacson PG: Primary B cell lymphoma of the thyroid and its
relationship to Hashimoto’s thyroiditis. Hum Pathol 1988, 19:1315–
1326

48. Hyjek E, Smith WJ, Isaacson PG: Primary B-cell lymphoma of salivary
glands and its relationship to myoepithelial sialadenitis. Hum Pathol
1988, 19:766–776

792 Weyand et al
AJP September 2001, Vol. 159, No. 3



49. Isaacson PG, Wotherspoon AC, Diss T, Pan LX: Follicular colonization
in B-cell lymphoma of mucosa-associated lymphoid tissue. Am J
Surg Pathol 1991, 15:819–828

50. Kurtin PJ, Hobday KS, Ziesmer S, Caron BL: Demonstration of distinct
antigenic profiles of small B-cell lymphomas by paraffin section im-
munohistochemistry. Am J Clin Pathol 1999, 112:319–329

51. Dogan A, Bagdi E, Munson P, Isaacson PG: CD10 and BCL-6 ex-
pression in paraffin sections of normal lymphoid tissue and B-cell
lymphomas. Am J Surg Pathol 2000, 24:846–852

52. Bahler DW, Swerdlow SH: Clonal salivary gland infiltrates associated
with myoepithelial sialadenitis (Sjogren’s syndrome) begin as nonma-
lignant antigen-selected expansions. Blood 1998, 91:1864–1872

53. Hussell T, Isaacson PG, Crabtree JE, Dogan A, Spencer J: Immuno-
globulin specificity of low grade B cell gastrointestinal lymphoma of
mucosa-associated lymphoid tissue (MALT) type. Am J Pathol 1993,
142:285–292

54. Hussell T, Isaacson PG, Crabtree JE, Spencer J: The response of
cells from low-grade B-cell gastric lymphomas of mucosa-associated
lymphoid tissue to Helicobacter pylori. Lancet 1993, 342:571–574

55. Mattsson A, Quiding-Jarbrink M, Lonroth H, Hamlet A, Ahlstedt I,
Svennerholm A: Antibody-secreting cells in the stomachs of symp-

tomatic and asymptomatic Helicobacter pylori-infected subjects. In-
fect Immun 1998, 66:2705–2712

56. Miklos JA, Swerdlow SH, Bahler DW: Salivary gland mucosa-associ-
ated lymphoid tissue lymphoma immunoglobulin V(H) genes show
frequent use of V1–69 with distinctive CDR3 features. Blood 2000,
95:3878–3884

57. Laman JD, Claassen E, Noelle RJ: Functions of CD40 and its ligand,
gp39 (CD40L). Crit Rev Immunol 1996, 16:59–108

58. Walker LS, Gulbranson-Judge A, Flynn S, Brocker T, Lane PJ: Co-
stimulation and selection for T-cell help for germinal centres: the role
of CD28 and OX40. Immunol Today 2000, 21:333–337

59. Kang Y, Wagner U, Yang H, Beckenbaugh RD, Goronzy JJ, Weyand
CM: T-cell responses in rheumatoid synovitis are dominated by
CD8� T cells. Arthritis Rheum 2000, 43(Suppl):S116

60. Zinkernagel RM, Ehl S, Aichele P, Oehen S, Kundig T, Hengartner H:
Antigen localisation regulates immune responses in a dose- and
time-dependent fashion: a geographical view of immune reactivity.
Immunol Rev 1997, 156:199–209

61. Zinkernagel RM: Localization dose and time of antigens determine
immune reactivity. Semin Immunol 2000, 12:163–171

Lymphoid Neogenesis and Autoimmunity 793
AJP September 2001, Vol. 159, No. 3


