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LIGHT, a member of the TNF family of cytokines (homologous to lymphotoxin, exhibits inducible expression and competes with
HSV glycoprotein D for herpesvirus entry mediator, a receptor expressed on T cells), is induced on activated T cells and mediates
costimulatory and antitumor activity in vitro. Relatively little information is available on the in vivo effects of LIGHT expression,
particularly within the T cell compartment. In this work, we describe transgenic mice that express human LIGHT under the
control of the CD2 promoter, resulting in constitutive transgene expression in cells of the T lymphocyte lineage. LIGHT-transgenic
animals exhibit abnormalities in both lymphoid tissue architecture and the distribution of lymphocyte subsets. They also show
signs of inflammation that are most severe in the intestine, along with tissue destruction of the reproductive organs. These
LIGHT-mediated effects were recapitulated when immune-deficient mice were reconstituted with bone marrow from LIGHT-
transgenic donor mice. T cells in the LIGHT-transgenic mice have an activated phenotype and mucosal T cells exhibit enhanced
Th1 cytokine activity. The results indicate that LIGHT may function as an important regulator of T cell activation, and implicate
LIGHT signaling pathways in inflammation focused on mucosal tissues. The Journal of Immunology, 2001, 167: 6330–6337.

Several members of the TNF superfamily of cytokines play
important roles in lymphocyte activation, immune regula-
tion, and the development of lymphoid tissues (1–3). The

production of these cytokines is highly regulated and overproduc-
tion of some of them can lead to severe chronic inflammation and
autoimmune diseases (4–5). LIGHT5 (homologous to lympho-
toxin (LT), exhibits inducible expression and competes with HSV
glycoprotein D for herpesvirus entry mediator (HVEM), a receptor
expressed on T cells) (TNFSF14), is transiently expressed on the
cell surface during activation of T cells (6). LIGHT is a ligand for
two differentially expressed TNF family receptors, the herpesvirus
entry mediator, expressed predominately on T lymphoid cells, and
the LT�R, found on epithelial and stromal cells but conspicuously
absent on lymphocytes (6–8). Recent evidence suggests the exis-
tence of a soluble binding protein for LIGHT, decoy receptor 3,

which can bind Fas ligand as well as LIGHT (9). These findings
underscore the multiple regulatory mechanisms that control the
function of TNF family molecules (9, 10).

Understanding the biological functions of LIGHT is further
complicated by the fact that each of its receptors also binds to other
TNF family ligands. For example, in addition to LIGHT, the LT�R
binds the LT�1�2 heterotrimer, while HVEM can also bind the
secreted homotrimeric form of LT, LT�3 (6). Therefore, the pres-
ence of LIGHT might either synergize with or antagonize the sig-
nals delivered by these alternate ligands for the receptors that bind
LIGHT.

The results from several studies indicate that LIGHT can trigger
apoptosis as well as cell activation, depending in part on the ex-
pression of its receptors on the target cells (11–13). Expression of
LIGHT by transplanted tumors led to increased lymphocytic infil-
trates, tumor necrosis, and enhanced T cell cytotoxic activity. Con-
sistent with a role for LIGHT in T cell activation, inhibition of
LIGHT binding with a soluble HVEM-Fc fusion protein reduced
the severity of graft-vs-host disease (13). Reduced growth of
LIGHT-expressing transplanted tumors in vivo also was observed,
even in athymic and immune-deficient recipient mice, suggesting
a LIGHT-mediated increase in apoptosis of the cancer cells in the
absence of an adaptive immune response (12). It should be noted
that LIGHT also may act as a deterrent to infection of dendritic
cells and T cells by HSV through its ability to interfere with virus
entry (6, 14). Both LIGHT-binding receptors participate in these
diverse biologic effects of LIGHT. There are data suggesting that
the enhanced activation of T cells by LIGHT occurs through its
interaction with HVEM, which is also expressed on T lymphocytes
(15). Interestingly, the activation-induced expression of LIGHT on
responding T cells has been reported to negatively regulate HVEM
expression in vitro on all activated T cell subsets, suggesting a
regulatory feedback loop for controlling this potentially immune
stimulatory pathway (16). The LT�R also is involved in mediating
the effects of LIGHT, as LIGHT expression by tumor cells could
induce cell death exclusively via the LT�R signaling pathway,
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although the tumor cells in this case expressed both the LT�R and
HVEM (11).

Despite these previous studies, there remains relatively little in-
formation on the in vivo effects of LIGHT expression, particularly
within the T cell compartment, where LIGHT normally is ex-
pressed. This question is of special interest because of the pro-
posed role of LIGHT as a highly regulated costimulatory molecule
for T cells and its potential role in virus defense.

In the current study, we generated transgenic mice with consti-
tutive expression of human LIGHT in T cells, under the control of
the CD2 promoter. The results demonstrate an important role for
LIGHT in driving the sustained activation of T cells, indicating
that the regulation of expression of this TNF ligand on T lympho-
cytes plays a major role in orchestrating inflammatory responses.
Interruption of this regulated expression on T cells leads to chronic
inflammation and the destruction of selected tissues.

Materials and Methods
LIGHT-transgenic mice

A human LIGHT cDNA containing 5� EcoRI and 3� SmaI sites was gen-
erated by PCR, using a LIGHT cDNA isolated from the human T cell
hybridoma line II23.D7 as a template. Forward primer 5�-cccagggaattcagc
cctgctccagagacctt-3� and reverse primer 5�-gggtgtcagacccatgtccaat-3� were
used with the following PCR parameters: 94°C for 4 min, 30 cycles at 94°C
for 30 s, 53°C for 30 s, 72°C for 45 s, followed by a 10-min extension at
72°C (11). This PCR fragment was subcloned into the EcoRI and SmaI
sites of a vector containing the human CD2 promoter (kindly provided by
Dr. S. Hedrick, University of California at San Diego, La Jolla, CA) (17).
The final DNA fragment for microinjection was generated by SalI and XbaI
digestion. It contains the human CD2 promoter and human growth hor-
mone gene 3� untranslated region, and the human LIGHT cDNA and se-
quence for polyadenylation. PCR analysis of tail biopsy DNA was used to
screen for transgenic animals with the forward primer 5�-ctaggagagatggt
cacc-3� and the reverse primer 5�-cttccttcacaccatgaaagc-3�. The same pa-
rameters were used as described above for 40 cycles to generate a 534-bp
product.

Necropsy of transgenic mice

Two LIGHT-transgenic founder mice were generated by injecting (C3H �
C57BL/6) F1 eggs that were fertilized by C57BL/6 males. Fertility of the
mice was limited, but one female LIGHT-transgenic offspring was gener-
ated by mating a founder to a C57BL/6 male. Mice were necropsied when
they appeared ill, at 5 and 8 mo of age for the founders and at 4 mo of age
for the offspring. Transgenic mice and littermate control animals were sac-
rificed and dissected, and portions of the salivary gland, lungs, liver,
spleen, mesenteric lymph nodes, peripheral lymph nodes, uterus, and small
and large intestine were placed in either formalin and/or OCT compound
for histology analysis. Tissue was also flash frozen using liquid nitrogen for
RNA preparation. Sera were prepared using serum separator tubes (Fisher
Scientific, Pittsburgh, PA) and stored at �80°C. Following mechanical
disruption, portions of the tissues (liver, spleen, mesenteric lymph nodes,
peripheral lymph nodes, small and large intestine, and bone marrow) were
used to prepare cell suspensions for flow cytometry analysis. Mononuclear
cell preparations were prepared from liver as previously described (18).
Intraepithelial lymphocytes (IEL) and lamina propria lymphocytes (LPL)
from the small and large intestine were prepared essentially as described
previously (19).

Flow cytometry

Cell preparations were used for flow cytometry analysis with the following
mAbs: rat anti-mouse CD4, CD8, CD122, B220, CD2, CD44, CD45RB,
and CD19, and hamster anti-mouse CD3�, TCR� and TCR�. Monoclonal
Abs were directly conjugated to either FITC, CyChrome, or PE (BD Bio-
sciences, San Diego, CA). Mouse HVEM was detected with rat anti-mouse
HVEM mAb 4CG4 (IgM) derived from a rat immunized with mouse
HVEM-Fc and secondary mouse anti rat-IgM-FITC (clone G53–238; BD
Biosciences). The presence of the LIGHT transgene was detected by flow
cytometry using a human HVEM-Fc fusion protein (6) (10 �g/ml) fol-
lowed by an anti-human IgG secondary Ab conjugated to PE (Southern
Biotechnology Associates, Birmingham, AL). Human IgG1 (Sigma-Ald-
rich, St. Louis, MO) was used as a control for staining with receptor-Fc
fusion proteins, and the analyzed cells were pretreated with the 2.4G2
anti-Fc�R mAb to prevent nonspecific secondary Ig binding. Analyses

were performed on a FACSCalibur (BD Biosciences) flow cytometer. Pro-
files consist of lymphocytes that were gated by analysis of forward and side
angle light scatter, or in some cases by gating on expression of CD2.

Human LIGHT receptor binding assay

HEK293 cells expressing either human or mouse LIGHT were generated as
described previously (6). Mouse LT�R and HVEM-Fc fusion proteins
were produced in a baculovirus-mediated protein production system (6, 20)
and purified by protein G affinity chromatography (11). Binding assays for
LT�R-Fc or HVEM-Fc to human or mouse LIGHT were accomplished by
staining stably transfected HEK293 cells (105 cells in 100 �l of FACS
binding buffer) with graded concentrations of Fc proteins for 60 min at 0°C
followed by addition of 5 �g/ml goat Fab anti-human IgG conjugated to
R-PE. The specific mean fluorescence intensity (MFI) was calculated by
subtracting the background MFI obtained with the equivalent amount of
human IgG from the MFI of LT�R-Fc or HVEM-Fc. EC50 values were
determined by nonlinear regression analysis of the fusion protein binding
(Prism GraphPad software; San Diego, CA).

Bone marrow chimeras

129SV Rag 2�/� mice aged 6–8 wk (Jackson ImmunoResearch Labora-
tories, West Grove, PA) were lethally irradiated (1100 rad) before injection
via the tail vein of 3–5 � 106 bone marrow cells. Full necropsies were
performed as described above, 8–10 wk after cell transfer.

Intracellular cytokine staining

Suspensions containing freshly isolated spleen, small intestine IEL, or
large intestine IEL were seeded at 5 � 105–1 � 106 cells/ml in 24-well
plates coated with 10 �g/ml coated anti-CD3� (2C11) mAb. These cells
were incubated at 37°C for 5–7 h in the presence of GolgiStop (BD Bio-
sciences). A kit was then used to permeabilize and stain the cells according
to the manufacturer’s protocol (BD Biosciences). Rat anti-mouse IFN-�,
IL-4, TNF, and rat IgG isotype control PE Abs were used to stain for
intracellular cytokines, and TCR� CyChrome Abs were used to identify T
cells.

Ig isotype measurements

Ig isotype levels in sera were detected using standard capture ELISAs
according to the manufacturer’s protocol (Southern Biotechnology Asso-
ciates), with biotinylated anti-Ig Abs and streptavidin-labeled HRP for
detection.

Results
Human LIGHT binds to both mouse HVEM and LT�R

Human LIGHT was investigated for its ability to bind to mouse
receptors as measured by the binding of surrogate receptor Fc fu-
sion proteins to human or mouse LIGHT-transfected cells. Human
LIGHT binds to mouse LT�R-Fc and mouse HVEM-Fc nearly as
efficiently as these receptors bind mouse LIGHT (Fig. 1A). Thus,
the in vivo effects of human LIGHT are likely to be due to its
interaction with either one or both of these receptors. It should be
noted that mixed heterotrimers of human and mouse LIGHT can
be formed in cotransfected cell lines (data not shown), suggesting
that human LIGHT is unlikely to interfere with the cell surface ex-
pression of endogenous mouse LIGHT. However, as endogenous
mouse LIGHT is normally only transiently expressed by T cells, it is
likely that human LIGHT homotrimers are the predominant species in
transgenic mice with constitutive human LIGHT expression.

The human HVEM-Fc binds human LIGHT with significantly
higher affinity than mouse LIGHT (Fig. 1B). Saturation binding
was reached with both LIGHT homologs, but the midpoint (EC50)
is consistent with a nearly 10-fold greater affinity of human
HVEM-Fc for human LIGHT. This preferential binding allowed
the use of human HVEM-Fc (at 10 �g/ml) to specifically detect
human LIGHT on cells from the transgenic mice.

Expression of human LIGHT in transgenic mice

Cell suspensions from the LIGHT-transgenic mice were analyzed
for surface expression of human LIGHT. Although the expression
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of the CD2 promoter-driven transgene correlates with the expres-
sion of endogenous mouse CD2, the correlation is only partial
(data not shown). This could be due to several factors, including
the restriction in humans of CD2 expression to the T cell lineage,
while in mouse CD2 has a broader expression pattern, including B
cells as well as T cells. As expected, in the absence of activation,
CD2� mononuclear cells isolated from nontransgenic control an-
imals did not express high levels of LIGHT when detected with
either a human HVEM-Fc (Fig. 2) or a mouse HVEM-Fc (data not
shown). Because many IEL are CD2� (21), we analyzed total lym-
phocytes in IEL preparations that were gated by light scatter. In
control mice, IEL did not express high levels of LIGHT.

By contrast with these results indicating a limited amount of
LIGHT expression in the control animals, thymocytes from the
transgenic mice had a higher MFI for LIGHT staining (Fig. 2).
Additionally, a fraction of the cells from peripheral lymph node
(Fig. 2) and mesenteric lymph node (data not shown) were highly
positive for LIGHT expression. The percentage of lymphocytes
present in the spleen of transgenic mice was greatly reduced (see
below), and the level of HVEM-Fc staining on these splenic lym-
phocytes was not significantly different from the endogenous

LIGHT expressed by control splenocytes. Similar to the spleen, the
CD2� population in the liver was reduced in the LIGHT-trans-
genic animals and expression of the LIGHT transgene was limited
(Fig. 2). The greatest percentage of cells expressing high levels of
human LIGHT in the transgenic mice was observed on IEL (Fig.
2) and LPL (data not shown) from the small and large intestine.

Reduced viability and infertility in LIGHT-transgenic mice

Mice expressing the human LIGHT transgene were small com-
pared with their nontransgenic littermates, and they appeared sick
by several months of age. Necropsies of the mice showed visible
changes in the gross anatomy of these transgenic animals (Table I).
They were anemic, and the small intestine, cecum, mesenteric and
peripheral lymph nodes, and spleen were all enlarged, while the
thymus was drastically reduced in size when compared with an
age-matched nontransgenic littermate (Fig. 3A). However, the
large intestine was not increased in size and the mice did not have
diarrhea. As noted in Materials and Methods, there were two
LIGHT-transgenic founder mice, which were both females. One of
these mice produced one litter with one transgenic offspring, and
the other failed to reproduce. Gross morphology of these mice
indicated that their inability to produce litters correlated with se-
vere atrophy of the reproductive organs (Fig. 3B). However, the
colon and liver appeared not to be inflamed upon necropsy.

Histopathology of LIGHT-transgenic mice

Analysis of fixed tissues of transgenic mice consistently showed
pathologic changes that were relatively selective with respect to
different organs. Spleen and lymph nodes were enlarged. H&E
staining of spleen tissue demonstrated a marked increase in ex-
tramedullary hematopoiesis (primarily cells in the erythroid series
were evident) and an absence of a well-defined red and white pulp
separation and reactive lymphoid follicles (Fig. 3C). The enlarged
small intestine showed signs of chronic inflammation with sub-
stantial infiltration of mononuclear cells, loss of goblet cells, dis-
tortion and hyperplasia of crypts, and villus atrophy (Fig. 3D).
Liver sections stained with H&E showed cellular infiltrates into
the portal areas, characterized by marked bile duct hyperplasia and

FIGURE 2. LIGHT expression on lymphocytes. LIGHT was detected
by incubating cell preparations from either LIGHT-transgenic mice (filled
histograms) or littermate control mice (open histograms) with a human
HVEM-Fc followed by a goat Fab anti-human-IgG conjugated to R-PE (as
in Fig. 1). CD2-expressing cells were gated on to detect LIGHT expression
in the thymus, spleen, lymph nodes, and liver. Lymphocytes were gated on
by forward angle and side angle light scatter profile to detect LIGHT ex-
pression on IEL of the small and large intestine. Fluorescence intensity was
measured on a log scale. Data shown are representative of three analyses.

FIGURE 1. Human LIGHT binds to both mouse HVEM and LT� re-
ceptor. A, Human HEK293 cells stably transfected with human LIGHT
(upper panel) or mouse LIGHT (lower panel) were incubated with either
mouse HVEM-Fc or mouse LT�R-Fc and stained with a goat Fab anti-
human IgG conjugated to R-PE. Incubation with human IgG followed by
goat Fab anti-human IgG was used to measure nonspecific staining. B,
Titration of human HVEM-Fc binding to mouse or human LIGHT.
HEK293 cells expressing human (Œ) or mouse (f) LIGHT were stained
with human HVEM-Fc. HVEM-Fc binding was detected by incubation
with a goat anti-human R-PE-conjugated secondary Ab and analyzed by
flow cytometry.
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accompanied by a moderate, mixed inflammation of neutrophils
and lymphocytes (Fig. 3E). The reproductive organs showed ex-
tensive changes, although a massive mononuclear infiltrate was not
observed (data not shown). The effect of constitutive LIGHT ex-
pression in lung tissue was less pronounced. There was a slight
increase in polymorphonuclear cells in the septi in some mice (data
not shown).

Altered composition of lymphoid tissues in LIGHT-transgenic
mice

Dramatic alterations in the number and composition of lymphocyte
populations were observed in both peripheral and central lymphoid
organs of the LIGHT-transgenic mice. The constitutive expression
of human LIGHT on thymocytes greatly reduced the cellularity as
well as the size of the thymus. The double positive thymocytes
showed the greatest reduction in percentage, while the percentage
of single positive CD8�� and CD4 thymocytes increased (Fig.
4A). A subset of these mature, single positive thymocytes had an
activated phenotype, as determined by high levels of CD44 as well
as CD25 expression (Fig. 4A). The spleen, although grossly en-
larged, had a significant decrease in the percent of CD3� T cells as
well as B220�CD19� B cells (Fig. 4B). In contrast, the enlarged
lymph nodes of the LIGHT-transgenic mice did contain a signif-
icant population of T cells, although the percentage of B cells was
drastically reduced (Fig. 4C). Similar to the mature thymocytes of
these LIGHT-transgenic animals, the T cells in the spleen and
lymph nodes also expressed high levels of CD44, suggesting an
activated phenotype (data not shown). IEL in the LIGHT-trans-
genic mice also were increased, due to a strong and selective ac-
cumulation of activated T cells with a conventional TCR and co-
receptor phenotype, namely TCR��� cells that are either
CD8��� or CD4� (Fig. 4D). By contrast, the TCR��� and
TCR���CD8��� IEL populations, which are characteristic of the

intestine, were greatly decreased in percentage, reflecting a lack of
increase in these populations (Fig. 4D). Surprisingly, the popula-
tion of LPL of the intestine did not show a decrease in the per-
centage of B cells (B220�CD19�) in both the small (Fig. 4E) and
large intestine (data not shown), and in fact a slight increase was
observed. This was in sharp contrast to the reduced B cell popu-
lations observed in the other tissues analyzed.

Hematopoietic cell expression of LIGHT determines the
phenotype of the transgenic mice

To determine whether the in vivo effect of constitutively expressed
LIGHT is due solely to transgene expression by bone marrow-
derived cells, we generated chimeric mice by reconstituting le-
thally irradiated immune-deficient RAG 2�/� mice with bone mar-
row from the LIGHT-transgenic or littermate control mice. The
rate of successful bone marrow reconstitution, defined as survival
beyond 4 wk post-transfer, was relatively low when LIGHT-trans-
genic bone marrow was transferred. Only three of eight mice re-
constituted with LIGHT bone marrow survived, whereas eight of
nine recipients survived when reconstituted with bone marrow
from control donor mice. The LIGHT bone marrow chimeras were
similar to the LIGHT-transgenic mice with regard to phenotype
and gross anatomy (Table I). The recipients of LIGHT-transgenic
bone marrow had a hunched appearance, a reduction in body fat,
and a �20% decrease in weight, and they were also anemic. The
LIGHT bone marrow chimeras also had enlarged lymph nodes,
both peripheral and mesenteric. Similar to the donor mice, the
LIGHT bone marrow recipient mice showed signs of inflammation
of the intestine with enlarged cecum, and two of three recipients
had patchy to severe inflammation of the small intestine and as-
cites in their peritoneal cavity. The atrophy of the reproductive
organs was recapitulated in all LIGHT bone marrow chimeras as well,

Table I. Gross anatomical characteristics of LIGHT-transgenic (tg) mice and LIGHT-transgenic bone
marrow-chimeric mice

Phenotype LIGHT-Transgenic Micea
LIGHT-Transgenic Bone
Marrow-Chimeric Miceb

Appearancec Not healthy (3/3)d Not healthy (3/3)
Weighte Reduced (3/3) Reduced (3/3)
Thymusf Atrophied (3/3) Atrophied (2/3)
Spleeng Splenomegaly (2/3) Splenomegaly (1/3)
Peripheral LNh Enlarged (2/3) Enlarged (2/3)
Mesenteric LNh Enlarged (2/3) Enlarged (2/3)
Liveri Normal (3/3) Normal (3/3)
Small intestinej Severe inflammation (3/3) Inflammation (2/3)
Caecumk Enlarged (2/3) Enlarged (2/3)
Large intestinek Normal (3/3) Normal (3/3)
Uterine horns Atrophied (3/3) Atrophied (3/3)

a LIGHT transgene is expressed under the control of the CD2 promoter. Three LIGHT-transgenic mice were analyzed.
b Bone marrow chimeras were made by reconstituting lethally irradiated RAG�/� mice with 3–5 � 106 bone marrow cells.

LIGHT-transgenic bone marrow-chimeric mice were analyzed.
c Mice had a hunched appearance, showed piloerection, and had slower movement compared to control mice.
d Number of mice with phenotype/number of mice analyzed.
e LIGHT-transgenic mice had 27–35% reduced weight compared to control mice. Similarly, LIGHT-transgenic bone marrow

chimeras had 22–25% reduced weight compared to the respective control mice.
f The total cellularity of LIGHT-transgenic and LIGHT-transgenic bone marrow-chimeric mice thymuses was 10–20% of

respective control mice.
g Spleens of LIGHT-transgenic and LIGHT-transgenic bone marrow-chimeric mice with enlarged spleens were six to eight

times the size of corresponding control spleens based on total cellularity.
h Visually, all lymph nodes were grossly enlarged in two of three of each LIGHT-transgenic and LIGHT-transgenic bone

marrow-chimeric mice. LN, lymph nodes.
i No gross abnormalities were seen in the liver.
j LIGHT-transgenic and LIGHT-transgenic bone marrow-chimeric mice showing small intestinal abnormalities visually had

patchy to complete inflammation. IEL preparations showed a 2- to 50-fold increase in cell numbers and LPL preparations showed
a 12- to 33-fold increase in cell numbers. LPL were counted only in LIGHT-transgenic mice.

k While some LIGHT-transgenic and LIGHT-transgenic bone marrow-chimeric mice had visually enlarged cecums, no gross
abnormalities were seen in the large bowel.
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indicating that the destruction of this tissue was mediated by LIGHT-
expressing hematopoietic cells, as opposed to unanticipated LIGHT
expression in the reproductive tract. Control chimeras generated by
transfer of bone marrow from littermate control mice appeared
healthy and did not show any of these abnormalities.

Although the histopathologic changes are consistent with those
observed in the intact LIGHT-transgenic mice, they were less se-
vere in the chimeric mice. This difference most likely reflects the
low reconstitution efficiency of the lymphocyte populations in the
LIGHT bone marrow-chimeric animals and the relatively short
time post-transfer before analysis of the recipient mice. While the
intact transgenic animals were analyzed between 16 and 32 wk of
age, bone marrow-chimeric animals were aged 14–18 wk, but
were analyzed between 8 and 10 wk post-transfer.

The phenotype of the lymphocytes reconstituted in the chimera
that received transgenic bone marrow also showed similarities
with those observed in the intact LIGHT-transgenic mice. A re-

duced percentage of double positive thymocytes together with an
increase in the percentage of CD8�� and CD4 single thymocytes
was observed (Fig. 5A). Similar to the LIGHT-transgenic animals,
the percentage of lymphocytes among the splenocytes of the
LIGHT bone marrow-chimeric mice was significantly reduced
when compared with the splenocytes of the control chimeric mice.
The reduction was seen among the T cells (Fig. 5B) as well as
among the B cells (data not shown). The lymph nodes in the
LIGHT chimeric animals contained an increased population of ma-
ture CD4 and CD8�� single positive T cells (Fig. 5C), while as
was the case in the LIGHT-transgenic donor animals, B cells were
drastically reduced (data not shown). Additionally, the IEL in the
small intestine of the LIGHT bone marrow chimeras showed a
decreased percentage of the typical intestinal CD8��� T cells,
including the TCR��� cells, while an increased percentage of con-
ventional TCR�� T cells was observed (Fig. 5D). Consistent with
the less severe alterations seen in the chimeras, there was no sig-
nificant lymphocyte infiltration observed in either the liver or the
lungs of the chimeric animals (data not shown).

Altered immune function in lymphocytes of LIGHT-transgenic
mice

To assay for changes in the function of T cells from the LIGHT-
transgenic mice, intracellular cytokine staining was done on
splenocytes and IEL from LIGHT-transgenic bone marrow chime-
ras and control chimeras. Cytokines were measured after a brief in

FIGURE 4. LIGHT-transgenic mice have altered populations of T and
B cells. Flow cytometric profiles are shown with cells gated on the lym-
phocyte population by forward and side angle light scatter. A, Thymus. Dot
plot profile of LIGHT-transgenic thymocytes and control thymocytes
stained with anti-CD4 and anti-CD8� mAb (left), and histogram profile of
LIGHT-transgenic thymocytes (filled histograms) and control thymocytes
(open histograms) gated on CD8�� and CD4 single positive thymocytes
and stained with either anti-CD25 or anti-CD44 mAbs (right). Dot plot
profiles of LIGHT-transgenic and control lymphocytes stained with either
anti-CD4 and CD8� for detecting T cells, or anti-B220 and anti-CD19 for
B cells. Cells from the following organs were analyzed: spleen (B); lymph
node (C); and small intestine IEL (D). Staining of small intestine IEL (E)
and LPL (F) with anti-TCR� and anti-TCR� mAbs. Shown is one of three
repeated experiments.

FIGURE 3. Gross anatomy and histology of tissues of LIGHT-trans-
genic mice. A, Decreased thymus size. A representative thymus lobe of a
transgenic mouse is compared with a lobe from an age-matched (4 mo)
control mouse. B, Atrophy of the reproductive organs. The uterine horns
from a LIGHT-transgenic mouse are compared with those from an age-
matched control mouse. C–E, Tissues were obtained and processed for
histological examination and stained with H&E. Representative tissue sec-
tions of the LIGHT-transgenic mice were compared with the relevant tissue
(C, spleen; D, small intestine; and E, liver) isolated from age-matched
control littermates. Shown are representative data from one of three sep-
arate analyses (�100 magnification).
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vitro activation with plate-bound CD3� Ab. These experiments
showed a significant increase in the percentage of cells with in-
tracellular IFN-� in small intestine IEL of LIGHT-transgenic bone
marrow-chimeric mice (Fig. 6A), while the percentage of cytokine
producing TCR�� cells in the spleen of these animals was not
changed when compared with control chimeric animals (data not

shown). IEL from the large intestine also showed increased levels
of intracellular IFN-�, although less pronounced (data not shown).
In no case did cells from the chimeric mice show production of
intracellular IL-4.

The effect of constitutive LIGHT expression on serum Ig levels
showed that IgA levels in the LIGHT-transgenic mice were sig-
nificantly higher than in the control animals ( p � 0.05), while
IgG1, IgG2a, IgG2b, IgG3, and IgM levels were not considerably
different from control mice (Fig. 6B). This finding of increased
production of IgA is consistent with the singular increase in the B
cell population observed in the lamina propria of the LIGHT-trans-
genic animals.

Constitutive expression of LIGHT does not down-regulate
HVEM

The induction of LIGHT expression on activated T cells has been
reported to correlate with a reciprocal in vitro down-regulation of
HVEM on those cells (16). Surprisingly, when analyzed for
HVEM expression using a specific Ab, lymph node cells of chi-
meric mice that received LIGHT-transgenic bone marrow, which
express significant levels of the LIGHT transgene, also expressed
equivalent or even higher levels of HVEM compared with the
control mice (Fig. 7). This suggests that this ligand-receptor inter-
action does not initiate sustained down-regulation of HVEM in
vivo. Alternatively, the level of transgene-derived LIGHT ex-
pressed, or differences in binding HVEM between mouse and hu-
man LIGHT, could account for the difference in receptor
down-modulation.

Discussion
The role of LIGHT expression on T lymphocytes in vivo was
investigated in mice with a human LIGHT transgene expressed
under the control of the CD2 promoter. These mice constitutively
express the transgene-derived LIGHT on T lineage cells, and as a
result they developed inflammation and tissue destruction. Because
of atrophy of the reproductive organs, these mice cannot breed;
however, the analysis of different founders confirmed that the ef-
fects observed were not due to insertional mutagenesis.

The inflammation observed was particularly severe in the intes-
tine, and this correlated with other changes in the mucosal immune
system of these transgenic mice, including selective increases in
lamina propria B cells along with increases in serum IgA, despite
decreases in B lymphocytes in other sites. The accumulation of
mature IgA-producing plasma cells in the lamina propria of the
intestine and the terminal differentiation of plasma cells to IgA
secretion are T cell-mediated phenomena that are up-regulated
during inflammation. Additionally, increased production of IFN-�
was obtained from the IEL of LIGHT-transgenic mice. This is

FIGURE 5. Flow cytometry analysis of the T cells isolated from chi-
meric RAG 2�/� recipients of LIGHT-transgenic or control bone marrow.
The populations were gated on lymphocytes by forward and side angle
light scatter profile. Dot plot profiles of T cells stained with anti-CD4 and
anti-CD8� in the following organs: thymocytes (A); splenocytes (B); and
lymph node cells (C). D, A dot plot profile of small intestine IEL stained
with anti-TCR� and anti-TCR� mAbs is shown. The data shown are rep-
resentative of one of three repeated analyses.

FIGURE 6. Increased IFN-� production by IEL from LIGHT-trans-
genic mice. IEL were stimulated in vitro with an anti-CD3� mAb and then
stained for intracellular IFN-�. A, The profile depicts intracellular cytokine
staining in gated TCR�� IEL. Filled histograms show the cytokine profile
of a chimeric recipient of LIGHT-transgenic bone marrow, and the shaded
histogram shows the IFN-� production by control TCR�� IEL. B, Ig iso-
type levels measured from the sera of recipients of LIGHT-transgenic or
control bone marrow. �, Using the Student t test, p � 0.05 for IgA levels.

FIGURE 7. Expression of LIGHT and HVEM on lymph node cells iso-
lated from chimeric RAG 2�/� recipients of LIGHT-transgenic and control
bone marrow. Lymph node cells were stained for LIGHT transgene ex-
pression using a human HVEM-Fc detected with an anti-human IgG sec-
ondary Ab conjugated to PE. Endogenous mouse HVEM expression was
detected using rat anti-HVEM (4CG4). Data shown are representative of
one of two experiments.
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consistent with previous data indicating that LIGHT is a costimu-
latory molecule that induces a Th1-type proinflammatory cytokine
response in vitro (13). Interestingly, the typical intestinal intraepi-
thelial CD8��� T cells, including the TCR��� T cells, were not
increased in these mice, and few cells could be detected. Such
alterations in IEL subpopulations are a characteristic feature of
several colitis models in mice (22, 23). Evidence consistent with
an important role for LIGHT in the induction of inflammation in
the intestine also comes from the analysis of immune-deficient
mice in which colitis is induced by transfer of CD4�CD45RBhigh

T cells. In these recipient mice, blocking of both LIGHT and
LT�� with soluble LT�R-Fc decoy receptor prevented colitis (24),
but there is other evidence suggesting that expression of LT�� in
recipient mice is not required for pathogenesis (25), implicating
LIGHT as the relevant ligand neutralized by the LT�R-Fc and
responsible for the beneficial effects of this treatment. Overall,
these results support the hypothesis that increased or sustained
expression of LIGHT on activated T cells is one factor causing the
induction and/or persistence of inflammation in the intestine.

Mice expressing the LIGHT transgene also presented with al-
tered lymphoid tissues, including enlarged lymph nodes and de-
creased thymic cellularity. The spleen, although enlarged, was
lymphopenic, and the normal splenic architecture was not present
with the loss of clearly defined marginal zones and an altered cel-
lular composition. Histology showed that the splenomegaly was
probably due to dividing erythrocyte precursors. In contrast, the
thymus showed a significant reduction in CD4/CD8 double posi-
tive cells. It cannot be determined whether this reduction in thy-
mocytes and the presence of single positive cells with an activated
phenotype is purely a developmental effect, or whether it is sec-
ondary to the inflammatory phenotype exhibited by these LIGHT-
transgenic animals. The presence of increased T cell populations in
several peripheral tissues of these mice, together with the obser-
vation that some of these activated T cells might display autore-
activity resulting in tissue destruction, indicate that a general en-
hancement of negative selection, or failure of positive selection,
are most likely not the sole causes of the reduced double positive
thymocyte population.

Chimeric recipients of LIGHT-transgenic bone marrow exhib-
ited a similar pathology as the transgenic donor mice. Although the
effects were less severe, changes in lymphoid organs, the intestine,
and the reproductive tract were observed, indicating that the effects
of constitutive LIGHT expression are due to bone marrow-derived
cells. Because the LIGHT transgene is expressed under the control
of the CD2 promoter, it is likely that the constitutive expression of
LIGHT by activated T lymphocytes is responsible for the inflam-
matory and autoimmune-like phenotype observed in both the
transgenic mice and chimeric recipients of transgenic bone
marrow.

The potent inflammatory effect of LIGHT expression in vivo
may reveal its importance for viral immunity and evasion. In par-
ticular, the use of the LIGHT receptor HVEM by HSV as a point
of access to the immune system is not likely to be fortuitous.
Rather, this pathway may have been specifically targeted to sup-
press immune function by HSV (14, 26). The ability of envelope
glycoprotein D of HSV to compete with LIGHT-HVEM binding
supports this notion (6). In an opposite strategy, as a consequence
of the action of the nef gene product of HIV, LIGHT expression at
the cell surface is significantly sustained on activated T cells (27),
possibly contributing to nonspecific T cell-mediated pathogenesis,
similar to that observed in the LIGHT-transgenic animals.

The effects of LIGHT in the transgenic mice could be the result
of its interaction with the LT�R, HVEM, or both (6, 12). Signaling
through the LT�R by binding of its other ligand, LT��, is critical

for the normal morphogenesis of the spleen (28–29). Although
both LIGHT and LT�� can effectively interact with the LT�R, the
downstream signaling pattern may differ. It is therefore possible
that LIGHT competes with LT�� when it is expressed constitu-
tively, thus interrupting the formation of normal splenic architec-
ture in these transgenic animals. HVEM is the only known receptor
for LIGHT expressed on T cells, and in vitro studies suggest that
LIGHT-induced increases in proinflammatory Th1 cytokine pro-
duction are most likely due to its interaction with HVEM ex-
pressed on the activated effector T cells (13). However, it remains
to be determined if HVEM is the only receptor for the induction of
LIGHT-mediated inflammatory changes seen in the mucosal tis-
sues and elsewhere in these transgenic mice. Interestingly, in-
creased expression of HVEM was observed in T cells from the
LIGHT-transgenic mice, indicating that the balanced expression of
LIGHT and its receptor on T cells may be disrupted. We speculate
that dysregulation of the LIGHT-HVEM system (e.g., by sustained
expression) could result in an exaggerated T cell-mediated im-
mune response, which consequently could lead to chronic inflam-
mation and autoimmune disease. The distribution of the activated
effector cells in the LIGHT-transgenic and bone marrow-chimeric
animals indicates that mucosal tissues are a prominent target for
this receptor-ligand deregulation. These results suggest that target-
ing the LIGHT-HVEM ligand-receptor pair may provide new op-
portunities for intervention in inflammatory and autoimmune-
based diseases, in particular those involving mucosal tissues.
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