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Abnormal Development of Peripheral Lymphoid
Organs in Mice Deficient in Lymphotoxin

Pietro De Togni,* Joseph Goellner, Nancy H. Ruddle,
Philip R. Streeter, Andrea Fick, Sanjeev Mariathasan,
Stacy C. Smith, Rebecca Carlson, Laurie P. Shornick,
Jena Strauss-Schoenberger, John H. Russell,
Robert Karr, David D. Chaplint

Mice rendered deficient in lymphotoxin (LT) by gene targeting in embryonic stem cells have
no morphologically detectable lymph nodes or Peyer’s patches, although development of
the thymus appears normal. Within the white pulp of the spleen, there is failure of normal
segregation of B and T cells. Spleen and peripheral blood contain CD4+*CD8~ and
CD4-CD8* T cells in a normal ratio, and both T cell subsets have an apparently normal
lytic function. Lymphocytes positive for immunoglobulin M are present in increased num-
bers in both the spleen and peripheral blood. These data suggest an essential role for LT
in the normal development of peripheral lymphoid organs.

Lymphotoxin (LT, also designated TNF-
B) is a soluble product of activated lympho-
cytes that was first defined by its cytotoxic
activity against fibroblasts (1-3). LT is now
recognized to be produced by activated
CD4* T helper cell type 1 (Ty1) lympho-
cytes, CD8* lymphocytes, and certain B
lymphoblastoid and monocytoid cell lines
(4-6). The gene encoding murine LT is
located 1100 base pairs (bp) upstream of the
evolutionarily related gene encoding tumor
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necrosis factor-a (TNF-a) within the ma-
jor histocompatibility complex (MHC) (7,
8). The LT and TNF-a proteins are struc-
turally related and show similar activities in
vitro and when given to experimental ani-
mals (9). In solution, LT is a homotrimer
with a conformation similar to that of
TNF-a.. A membrane-associated form of LT
has been described, consisting of a hetero-
trimeric complex containing two LT mono-
mers together with a 33-kD transmembrane
protein designated LT-B (10). The gene
encoding LT-B is located immediately cen-
tromeric to the gene encoding TNF-a.. The
biological effects of LT and TNF-a are
mediated by two receptors, designated p55
and p75 (11).

In vitro, LT and TNF-a can modulate
many immune and inflammatory functions.
As implied by their names, both cytokines
are cytotoxic for a variety of transformed
and normal cell types (12—-14). In order to
be killed, target cells must express LT—
TNF-a receptors, with the p55 receptor
appearing to mediate the cytotoxic response
(15). LT and TNF-a can augment the
proliferation of activated thymocytes (16)
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and B cells (17). They also induce the
expression of MHC class I and class 1II
antigens in many cell types, including en-
dothelial and pancreatic islet cells (18, 19).
TNF-a and LT also appear to induce adhe-
sion of leukocytes to vascular endothelia by
activating the expression of adhesion pro-
teins on the endothelial cells (20). Because
LT and TNF-a bind to the same cell surface
receptors and in vitro activate the same
cellular responses, it has been suggested
that in vivo they may be in large part
functionally redundant. In this model,
specificity of LT and TNF-a function could
derive from selective activation of the gene
encoding LT primarily in activated lympho-
cytes and from activation of the gene en-
coding TNF-a more broadly in mononu-
clear phagocytes, activated lymphocytes,
and many other cell lineages.

Unique activities of LT in immune ho-
meostasis have not, however, been defined.
Progress in defining the natural functions of
LT has been impeded by the absence of
LT-specific antibodies and bioassays in the
principal animal model, the mouse. All
available LT and TNF-a polyclonal and
monoclonal antibodies appear to detect
both mouse cytokines. Furthermore, cur-
rently available bioassays use cells express-
ing either the p55 or p75 TNF receptor,
which bind and respond to both LT and
TNF-a. Our study here was undertaken to
identify natural functions of LT by produc-
tion of an LT-deficient mouse strain with
the use of gene targeting in murine embry-
onic stem (ES) cells (21).

We constructed a targeting vector by
replacing a small portion of the second
exon, the entire third exon, and a small
pottion of the fourth exon of the gene

encoding murine LT with a neo” cassette
(Fig. 1B). The neo" gene distupts the LT
coding sequence and introduces a termina-
tion codon after LT exon 2. Homologous
recombination in ES cells introduces new
Pst I and Hind III sites from the neo” gene
into the LT locus. These sites can be
identified by Southern (DNA) blotting
with an LT-TNF-a intergenic probe (Fig.
1, A and B). Three independent targeted
ES lines were used for blastocyst injection,
and one line yielded germline-transmitting
chimeras. Heterozygotes for the targeted
allele were mated, and LT/, LT~/*, and
LT** offspring were obtained at the ex-
pected frequencies, which indicates that
homozygous LT deficiency is not associated
with abnormal fetal loss. LT~/ and LT~/*
mice were observed through 6 months of
age and appeared grossly normal compared
to their wild-type littermates. Specifically,
they showed no evidence of acute or chron-
ic infection. For analysis of cytokine expres-
sion and lymphoid development, mice were
studied between 5 and 8 weeks of age.
Spleen cells from LT*/* mice showed
predominant 1.5-kb and 1.8-kb LT tran-
scripts and a minor 3.1-kb transcript pre-
sent in small amounts 4 hours after treat-
ment with concanavalin A (Con A) and in
greater amounts after 24 hours (Fig. 2).
These are the usual sizes of the various
processed forms of LT mRNA (22). In
LT/~ cells, the 1.5- and 1.8-kb transcripts
were absent and a major 3-kb transcript was
observed. The size of this transcript is con-
sistent with the structure of the targeted
gene, with the 1.6-kb neo” fragment inter-
posed between the second and fourth exons
of the LT locus (21). Transcripts from the
targeted gene encoding LT are predicted to

A B
kb
-9.4
-57
H S P
Wild-type : = A —
allele 2 e O TNF-a
6.7
6.5
Fig.1. Targeted disrup- '|’ T ? TV TR T 5 P
tion of the gene encod- a;g;e SRR
ing LT in mice. (A) neo’ :'Pfgbe
Southern blot analysis ' z

of cells from LT**,
LT-/+, and LT~ mice

3.2
78

with Pst | and the 634-bp Nco | fragment probe. (B) Structure of the targeting vector, the gene
encoding wild-type mouse LT, and the predicted targeted LT allele. Black boxes indicate exons of
the genes encoding LT and TNF-a. Gene targeting in ES cells results in acquisition of new Pst | and
Hind Il sites, as indicated. H, Hind Ill; P, Pst I; and S, Ssp |. The location of the TNF-a—LT intergenic
Nco | fragment probe is indicated. The lengths of the indicated restriction fragments are in

kilobases.
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encode 31 residues of the 33—amino acid LT
signal peptide followed by 91 residues de-
rived from the antisense neo” sequence.
Hybridization with a neo” gene probe dem-
onstrated the same 3.0-kb fragment as well
as the anticipated 1.6-kb sense neo” tran-
script. TNF-a transcripts were detected in
spleen cells 4 hours after treatment with
Con A (Fig. 2), returning to near base line
by 24 hours. The quantities of TNF-a
transcripts were similar in cells from LT/~
and LT*/* animals. A bioassay that detects
both LT and TNF-a was petformed with
supernatants of spleen cells stimulated with
Con A. At 4 hours, there were 128 units of
cytotoxic activity from LT*+/* spleen cells
and 32 units from LT/~ spleen cells (23).
These data are consistent with the presence
of TNF-a and LT in supernatants of Con
A-stimulated LT*/* spleen cells and the
presence of TNF-a activity without LT in
supernatants of spleen cells from LT/~
animals.

LT~/ mice showed abnormal develop-
ment of peripheral lymphoid organs. LT/~
mice showed no detectable popliteal, in-
guinal, para-aortic, mesenteric, axillary, or
cervical lymph nodes (Fig. 3). Popliteal
lymph nodes in LT** and LT™/* mice
(Fig. 3) were visualized directly after injec-
tion of India ink into the footpad and by
histologic analysis. In LT/~ mice, neither
lymphoid aggregates nor rudiments of

hours

-3.0
LT
-1.5
Con A
F .
TNF-o ” “ a0
Con A

Fig. 2. Northern (RNA) blot analysis of Con
A-stimulated spleen cells from LT+/+ (left) and
LT/~ (right) mice. Cells were cultured at a
concentration of 107 cells/ml with Con A (5
ug/mi). Cells (108) were harvested instantly and
4 and 24 hours later. Hybridization probes were
32P-labeled fragments of the LT and TNF-a
cDNA [LT, 1.3-kb Hinc Il fragment of pM7A
(12); TNF-a, 1.1-kb Eco RI-Pst | fragment of
pMuCachectin]. Sizes are indicated on the right
in kilobases.



lymph node stromal tissue were detected
either by gross inspection or by histologic
examination. Intradermal injection of com-
plete Freund’s adjuvant around the base of
the tail did not lead to the development of

Fig. 3. Absence of visible lymph
nodes in LT~/~ mice. India ink (0.02
ml) was injected into the hind foot-
pads of 6-week-old LT~/+ and LT/~
mice. One and a half hours later, the
animals were killed, and their popli-
teal fossae were dissected. (A) Visu-
alization of lymph nodes in the LT~/*
mice was facilitated by their content
of India ink. (B) The popliteal fossae
of LT~/ mice showed no detectable
lymphoid tissue and no India ink

detectable nodes in the LT/~ mice, and
they also showed no grossly detectable Pey-
er’s patches.

Morphological changes were also seen in
the spleens of LT/~ mice. Total numbers

staining when observed under a dissecting microscope.

Fig. 4. Organization of lymphoid cells in the spleens and thymuses of LT~/ mice. The left column
shows results for LT+/+ mice; the right column shows results for LT~/~ mice. (A and B) Spleen cells
stained with hematoxylin-eosin. Solid arrows indicate the locations of the marginal zone. Open
arrows indicate the locations of the periarteriolar sheath. (C and D) Spleen cells, shown here with
immunofluorescence with antibodies to Thy-1. (E and F) Spleen cells, shown here with immunoflu-
orescence with antibodies to IgM. (G and H) Thymus cells, shown here with hematoxylin-eosin
staining. (C) through (F) are from serial sections. Magpnification, x200.
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of nucleated spleen cells were similar in
6-week-old LT/~ and LT*/* mice (0.8 X
108 to 1.2 X 108 cells per spleen; n = 5);
however, in LT/~ mice there were alter-
ations in T and B lymphocyte content and
in splenic architecture (Fig. 4). Spleens of
LT/~ mice contained slightly reduced
numbers of T lymphocytes (24), with 3.1 X
107 T cells per spleen in LT*/* animals and
2.6 x 107 T cells per spleen in LT/~
animals, and a similar ratio of CD4+*CD8~
and CD4-CD8* cells (2.0 in LT*/* ani-
mals and 2.5 in LT/~ animals). There was
a 30% increase in the number of immuno-
globulin M-positive and B220-positive
(IgM*B220*) B lymphocytes in the spleens
of LT/~ animals compared to that in LT*+/*
mice. By histological analysis, the spleens of
LT/~ mice showed changes in the white
pulp (Fig. 4, A and B), with altered organi-
zation of the periarteriolar T cell zone and
loss of a distinct marginal zone. Localization
of T and B cells with immunofluorescence
microscopy showed normal segregation of B
cells and T cells within the white pulp in the
spleens of LT*/* mice, with T cells clustered
in the periarteriolar region (Fig. 4C) and B
cells peripheral to the T cell zone (Fig. 4E).
Thy-1-staining cells in the spleens of LT/~
mice were scattered throughout the white
pulp, with clustering in the periarteriolar
region (Fig. 4D). In contrast to the distribu-
tion in wild-type animals, IgM* cells were
present throughout the white pulp (Fig. 4F),
including the periarteriolar region.

The peripheral blood of LT~/~ mice
showed normal numbers of CD4*CD8~ and
CD4-CD8* T cells. There was, however, a
nearly fourfold increase in B cells in the
LT/~ animals. The total white blood cell
count was 4000 mm™3 in LT*/* mice and
11,500 mm~3 in LT/~ mice (n = 3). In
LT~/ mice, the neutrophil, monocyte, and
platelet counts were normal. The thymuses
in LT~/~ mice showed apparently normal
medullary and cortical zones (Fig. 4, G and
H) and contained normal numbers of
CD4*CD8*, CD4*CD8~, CD4-CD8*,
and CD4~CD8" cells. Intraepithelial lym-
phocytes were present with apparently nor-
mal distribution in the small intestine,
which suggests that LT is not required for
localization of y3 T cells.

Splenic T cells from LT/~ mice were
able to develop brisk MHC class I- and
class Il-restricted allocytotoxic responses
(25). After in vitro stimulation, activated
mixed T cell populations from LT*/* and
LT~/ mice showed similar killing of P815
(MHC class I*, class II”) and TA3 (MHC
class I'*, class II'*) cells (Fig. 5, A and B).
Purified activated CD4* cells from LT/~
mice also showed similar cytotoxicity com-
pared to those in LT*/* mice (Fig. 5,'C and
D). Under conditions in which cells from
LT~ and LT*/* mice efficiently killed
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P815 targets (Fig. 5E), these same cells
showed similar induction (Fig. 5F) of the
nuclear lesion that is characteristic of apop-
tosis (26). These data demonstrate no sub-
stantial defect in either CD8- or CD4-
dependent cytotoxic function in LT/~
mice, which suggests that LT is not essen-
tial for these in vitro cytotoxic activities. In
preliminary experiments, the proliferative
response of splenic T cells was assessed after
immunization with Escherichia coli B-galac-
tosidase in complete Freund’s adjuvant.
Similar proliferative responses were seen in
LT** and LT~/ mice, which suggests
that LT/~ T cells can respond to antigen
challenge. Because LT/~ mice have a
compound phenotype (deficiency of LT ex-
pression and also abnormal structure of
peripheral lymphoid organs), it will be im-
portant ultimately to test the consequences
of LT deficiency in the context of a normal
lymphoid architecture, perhaps in normal
irradiated mice whose bone marrow has
been reconstituted with bone marrow from
an LT~/~ mouse.

Our data demonstrate fundamental ac-
tions of LT in lymphoid organogenesis. A
role for the LT-TNF-a axis in embryonic
development has been suggested by studies
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Fig. 5. Target cell killing by LT—/~ lymphocytes.
Cytolytic effector cells were prepared from
LT+* or LT/~ splenocytes as described (25).
(A) through (E) show 5'Cr release; (F) shows
125|-UdR release. In (A) through (D) there was a
6-hour incubation; closed circles, P815; closed
triangles, TA3; open circles, EL4. (A) LT+ T
cells (15% CD4*, 79% CD8%). (B) LT/~ T cells
(17% CD4+, 72% CD8*). (C) LT+/+ CD4+* cells
(82% CD4*, 0% CD8*). (D) LT/~ CD4* cells
(75% CD4*, 0% CD8%). In (E) and (F) is shown
the target cell killing with spleen effector T cells
(circles, LT+/*: 12% CD4* and 70% CD8*;
triangles, LT~/~: 15% CD4* and 63% CD8*);
closed symbols, P815 targets; open symbols,
EL-4 targets. (E) shows 5'Cr release at 4 hours;
(F) shows '251-UdR release at 30 and 60 min
with an effector:target ratio of 10:1.
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that demonstrate LT-TNF-a cytotoxic ac-
tivity or TNF-a mRNA in mouse embryos
(27) and in human placenta and amniotic
fluid (28, 29). TNF-a has also been detect-
ed in human fetal thymus (30) and in
murine thymus (31). The participation of
LT or TNF-a in eatly postnatal develop-
ment has been suggested by studies (32) in
which administration of a rabbit antiserum
to murine TNF, either during pregnancy or
at birth, leads to transient growth retarda-
tion and atrophy of the thymus, spleen, and
lymph nodes; however, subsequent studies
that used a chimeric protein made up of the
p55 chain of the TNF receptor and the
heavy chain of IgG to inhibit LT-TNF-a
activity showed no alterations of lymphoid
development (33).

The mechanism by which LT contrib-
utes to normal lymphoid development re-
mains unknown. In light of the known
action of LT and TNF-a in inducing adhe-
sion of leukocytes to endothelia (20), a
requirement for LT in an essential interac-
tion between bone marrow—derived lym-
phoid cells and lymphoid stromal cells
seems likely. The action of LT in this
interaction apparently does not require the
p55 TNF receptor, because mice deficient
in this receptor show normal numbers of
lymphocytes in the thymus, spleen, and
lymph nodes (34). Thus, either the p75
receptor or other, as yet undefined, perhaps
LT-specific receptors contribute to this ef-
fect. In this regard, the description of a
p55-related receptor with specificity for an
LT-LT-B heteromer (35) is of considerable
interest. The fact that the LT/~ mice
exhibit abnormal lymphoid development in
the face of presumed normal TNF-a expres-
sion suggests either that LT has an effect
that is not duplicated by TNF-« or that LT
is expressed at a particular stage in devel-
opment by a cell that is not expressing
TNF-a.. Although it is possible that ab-
sence of LT expression in T. and B lympho-
cytes leads to the failure to develop normal
partitioning of cells within the spleen, the
existence of lymph node rudiments in nude
(nu/mu) and SCID (severe combined im-
mune deficient; scid) mice suggests that the
failure to develop lymph nodes in LT/~
mice is due to the participation of cells
other than B and T lymphocytes. Finally,
the relation of the failure of lymphoid organ
development in LT/~ mice to the recently
described spontaneous mouse mutation, aly
(36), merits attention. This autosomal re-
cessive mutation results in the systemic
absence of lymph nodes and Peyer’s patches
as well as the absence of distinct lymphoid
follicles in the spleen in a fashion similar to
the situation in LT~/~ mice. Unlike LT/~
mice, mice with the aly mutation also have
abnormal thymic architecture, failure in
females to develop mammary glands, and a
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generalized deficiency of cell-mediated and
humoral immunity. These differences estab-
lish that the LT~/~ and aly mutations are
not the same but suggest the existence of a
group of genes that together control essen-
tial components of the development of
peripheral lymphoid tissues.
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was replaced by a linker containing a Sal | site. A
1.6-kb Xho | fragment encoding neomycin resis-
tance (neo”) under the control of the pgk promoter
[P. Soriano, C. Montgomery, R. Geske, A. Brad-
ley, Cell 64, 693 (1991)] was inserted into the Sal
| site in the opposite transcriptional orientation
compared to the gene encoding LT. The plasmid
contains 2.5 kb that is homologous to LT genomic
DNA 5’ of the neo” gene and 0.88 kb (also
homologous to LT genomic DNA) 3’ of the neo”
gene. It predicts a transcript from the LT promoter
that contains the LT 5’ untranslated sequence
and most of the LT signal peptide [93 nucleotides
(nt) in exon 2], followed by 1660 nt of the reverse
orientation neo’ fragment, 986 nt of the LT exon 4,
and a polyadenylate [poly(A)] tail [total anticipat-
ed size is 2901 nt plus the poly(A) tail]. A termi-
nation codon is located 276 nt into the antisense
neo’ fragment. Thus, the transcript predicts a
polypeptide product of 31 residues of the LT
signal peptide followed by 91 residues of an-
tisense neo” sequence only. The linearized vector
was electroporated into the D3 ES line, and cells
were plated on primary embryonic fibroblasts
from day 14 embryos obtained by mating a male
C1D mouse (GenPharm, International, Mountain
View, CA) with a female Swiss Webster mouse
(Taconic Farms, Germantown, NY). Selection was
with 2 pM ganciclovir (Cytovene, Syntex Labora-
tories, Palo Alto, CA) and G418 (250 pg/ml;
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Gibco-BRL). Double drug-resistant colonies were
screened by Southern blotting with an LT-TNF-a
intergenic probe. Homologous recombination
was detected at a frequency of 1 in 63 drug-
resistant colonies. Chimeric animals were ob-
tained by injecting targeted cells into C57BL/6
blastocysts. Male mice showing >50% coat color
chimerism were mated to C57BL/6 females, and
germline transmission was documented by the
presence of the 5.7-kb Pst | fragment.

. |. Millet and N. H. Ruddle, J. Immunol., in press.
. Bioactivity of TNF-a—LT was measured with the

WEHI 164 fibrosarcoma cell line as described.[N.
H. Ruddle et al., J. Exp. Med. 172, 1193 (1990)].
The specificity of the assay was defined with a
neutralizing monoclonal antibody, TN3.19.12, that
recognizes both murine TNF-a and LT.
Erythrocyte-depleted cells (108) were stained for
1 hour with fluoresceinated monoclonal antibod-
ies to CD8 (Becton Dickinson), phycoerythrin-
labeled monoclonal antibodies to CD4 (Becton
Dickinson), fluoresceinated monoclonal antibod-
ies to IgM (Pharmingen), phycoerythrin-labeled
monoclonal antibodies to CD45R and B220
(Pharmingen), or biotinylated monoclonal anti-
bodies to CD3e (Pharmingen). The biotinylated
monoclonal antibody was detected with strepta-
vidin-RED613 (Gibco). Flow cytometric analysis
was performed with the Lysis-I program (Becton
Dickinson) on a FACScan (Becton Dickinson);
data are means from experiments with three ani-
mals.

Cytolytic effector cells were established by pri-
mary, one-way mixed lymphocyte cultures of 1 x
107 to 2 x 107 LT+/+ or LT/~ splenocytes (H-2°)
with 2 x 107 irradiated [absorbed dose of radia-
tion (Gy) = 20 Gy] BALB/c (H-29 splenocytes.
Responding cells were either unfractionated sple-
nocytes, purified T cells (eluted from nylon wool
then treated with monoclonal antibody J11d and
complement), or purified CD4* T cells (eluted
from nylon wool then treated with J11d and the
CD8 monoclonal antibody 3.155 and comple-
ment). After culture for 5 to 6 days, live effector
cells were isolated by Ficoll-Hypaque density
gradient centrifugation. Target cells (0.5 x 10° to
1.0 x 108) were labeled in 1 ml of RPMI-1640 for
90 min with 500 pCi of Na,5'CrO, or 10 uCi of 5’
125|-labeled iododeoxyuridine ('251-UdR) as indi-
cated, washed, incubated in the absence of label
for 30 to 45 min, washed again, and added to
varying numbers of effector cells. At the indicated
times, release of label into the medium was as-
sessed. After 6 hours, spontaneous 51Cr release
of P815 cells (H-29) was 7%, of TA3 cells (H-29)
was 21%, and of EL-4 cells (H-2P) was 5%. The
nuclear lesion was assessed by termination of the
incubation with 1 mM EDTA and 0.2% Triton
X-100. Spontaneous release of '25-UdR was
€14%.
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A Lymphotoxin-B—Specific Receptor

Paul D. Crowe, Todd L. VanArsdale, Barbara N. Walter,
Carl F. Ware,* Catherine Hession, Barbara Ehrenfels,
Jeffrey L. Browning, Wenie S. Din, Raymond G. Goodwin,
Craig A. Smith

Tumor necrosis factor (TNF) and lymphotoxin-a (LT-c) are members of a family of secreted
and cell surface cytokines that participate in the regulation of immune and inflammatory
responses. The cell surface form of LT-a is assembled during biosynthesis as a hetero-
meric complex with lymphotoxin-g (LT-B), a type |l transmembrane protein that is another
member of the TNF ligand family. Secreted LT-« is a homotrimer that binds to distinct TNF
receptors of 60 and 80 kilodaltons; however, these receptors do not recognize the major
cell surface LT-a—LT-B complex. A receptor specific for human LT- was identified, which
suggests that cell surface LT may have functions that are distinct from those of secreted

LT-a.

The TNF ligand family encompasses a
large group of secreted and cell surface
proteins that may affect the regulation of
inflammatory and immune responses (1).
Secreted forms of TNF and lymphotoxin-o
(LT-a, previously referred to as TNF-B) are
homotrimers_ (2) that initiate similar spec-
tra of cellular responses by binding to two
specific cell surface receptors of 60 and 80
kD (TNFR¢, and TNFRy,) (3). Membrane
TNF, a type II transmembrane protein, is
the precursor of secreted TNF (4); in con-
trast, cell surface LT is structurally different
from secreted LT-a and TNF, which sug-
gests that it may not bind to TNFR, or
TNFRg,. Cell surface LT is a heteromeric
complex composed of LT-a and LT-B sub-
units (5). Lymphotoxin-B is a type II trans-
membrane member of the TNF ligand family
that provides the membrane anchor for the
attachment of the heteromeric complex to
the cell surface (6). To test if LT-B confers
distinct receptor binding properties to the
cell surface LT-a-LT-B complex, we used
soluble versions of the TNFRs [engineered as
fusion proteins between the ligand binding
domain of TNFR and the Fc region of
immunoglobulin G1 (IgG1) (TNFR:Fc)] as
probes for membrane-bound cytokines (7).
Cell surface LT and TNF were rapidly
induced on the human CD4* T cell hybrid-
oma II-23 by phorbol myristate acetate
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(PMA), as detected by fluorescence stain-
ing with specific monoclonal antibodies
(mAbs) (Fig. 1A) (8). Membrane TNF
expression peaked 3 to 4 hours after stimu-
lation with PMA and declined rapidly. In
contrast, cell surface LT expression was
maximal 6 to 8 hours after stimulation and
remained detectable for more than 24 hours
(Fig. 1B). The TNFR,:Fc and TNFRy,:Fc
chimeric proteins had similar staining pat-
terns on II-23 cells activated for 6 hours
with PMA (Fig. 1C). To determine which
cell surface ligands bind TNFR,,:Fc, we
used LT-o mAb (9B9) or TNF mAb
(104C) competitively for staining of PMA-
activated II-23 cells. Both of these mAbs
block binding of the soluble ligands to
TNFRs and directly neutralize cytotoxic
function (9). In the presence of saturating
concentrations of competitor mAb, specific
staining for TNFRgy:Fc was partially
blocked with an LT-a mAb (Fig. 1D) and
more efficiently with a TNF mAb (Fig. 1E),
which indicates that membrane TNF binds
to TNFR,. The latter finding is consistent
with reports that membrane TNF is cyto-
toxic (4); however, these tesults also sug-
gest that a less abundant form of the cell
surface LT-a-LT-B complex may also be a
ligand for TNFR, (Fig. 1D). In contrast,
TNFR,:Fc (or TNFRg:Fc) did not bind to
I1-23 cells 24 hours after activation (Fig.
1F), despite the presence of substantial
antigen detectable with LT-a mAb (com-
pare to Fig. 1B).

These findings raised the possibility that
a receptor-other than TNFRg, and TNFR,
may recognize the major form of cell surface
LT and prompted us to test other members
of the TNFR family (3) for binding to cell
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