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Cytokine regulation of secondary lymphoid organ development

David D Chaplin* and Yang-xin Fu®

Lymphotoxin and tumor necrosis factor provide essential
signals for the formation of secondary lymphoid tissue
structures. Lymphotoxin in its membrane form (LTay Py
heterotrimer) is required for the development of lymph
nodes and Peyer's patches and supports the development
of normal spleen structure. In the spleen, lymphotoxin acts
during embryonic development to support the formation of
distinct B and T cell zones. Lymphotoxin also acts in a tonic
fashion — supporting the formation and maintenance of the
follicular dendritic cell network and of primary B cell follicle
structure. The cells that deliver the tonic lymphotoxin signal
supporting follicular dendritic cell structure are B cells; thus,
B cells participate fundamentally in the development of the
lymphoid tissue structure in which they subsequently mature.
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Abbreviations

aly alymphoplasia mutation

APC antigen-presenting cell

BM bone marrow

FDC follicular dendritic cell

GC germinal center

HVEM Herpes simplex virus entry mediator
LN lymph node

LT lymphotoxin

LTBR lymphotoxin-f receptor

NK natural killer

PP Peyer's patch

SCID severe combined immunodeficiency
TACE TNFa converting enzyme

TNF tumor necrosis factor

TNFR TNF receptor

wit wild-type

Introduction

Secondary lymphoid tissues represent sites where for-
eign antigens delivered by antigen-transporting cells
and antigen-presenting cells (APCs) can interact with
antigen-specific T and B lymphocytes. The organized
structure of the secondary lymphoid tissues is thought
to support proper regulation of the activation and mat-
uration of the antigen-responsive lymphoid cells [1°*,2].
Although a substantial amount is known about the cellular
elements that comprise the lymphoid and non-lymphoid
components of the secondary lymphatic organs, very little
is known about the signals that establish and maintain
the proper organization of these cells. This article will
1

review studies that define crucial signals for lymphoid
tissue organogenesis, and will discuss new insights into the
cellular interactions by which these cytokines induce their
effects.

Spontaneous mutations affecting lymphoid
tissue development

Several spontaneous mutant mouse strains manifest dis-
turbances of lymphoid tissue structure. For example,
the ‘nude’ murtation in its homozygous form leads to
failure of thymus development and lifelong hairlessness
[3]. The gene that is mutant in nude mice has recently
been found to encode whn, a transcription factor of the
forkhead/winged-helix class that is expressed in thymic
epithelial precursors and cells of the organizing hair
shaft [4,5°,6]. The recently discovered autosomal recessive
alymphoplasia mutation (#/y) on mouse chromosome 11
leads to a more broad defect in immune tissue structure
and function [7].

The alymphoplasia mutation

Homozygous afy/aly mice have systemic absence of lymph
nodes (LNs) and Peyer's patches (PPs). The thymus
shows disturbed structure, and although phenotypically
mature T cells are found in blood and spleen, their
numbers are reduced and they show depressed function
manifested in all measures of T cell activation. The spleen
shows atrophic white pulp nodules and an absence of
follicle structure. Serum IgM concentration is reduced and
levels of IgG and IgA are profoundly depressed, with
antibody responses following immunization being substan-
vally reduced [7,8]. Comparison of the development of
gut-associated lymphoid tissues in wild-type (wt) mice,
mice with severe combined immunodeficiency (SCID;
due to mutation of the DNA-dependent protein kinase
that functions during antigen receptor rearrangement)
and aly/aly mice has permitted separation of normal PP
development into three stages [9]: developing PPs can
first be detected at gestational day 15 as clusters of
vascular cell adhesion molecule (VCAM)-1+ cells with
stromal morphology; by day 17, these VCAM-1+ clusters
become infiltrated with round CD4+CD3-cells which
express MHC class I and IL-7 receptor. These cells may
represent the same population that has been identified by
Mebius and colleagues [10°] as a multipotential precursor
population that can differentiate into antigen presenting
cells (APCs), natural killer cells, and follicular cells; these
cells then go on to sustain the development of normal PP
cellularity.

In the context of the profound disturbance of lymphoid
tssue structure and the abnormal responsiveness of the
B and T lymphocytes in afy/aly mice, it is perhaps not
surprising that mice of this strain show profound defects in






