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Introduction

LIGHT [the name of which is derived from ‘homologous to
lymphotoxins, exhibits inducible expression, competes with
herpes simplex virus glycoprotein D for herpes simplex virus
entry mediator (HVEM), and expressed by T lymphocytes’]
is a 29-kDa membrane protein and a member of the tumour
necrosis factor (TNF) superfamily [1]. LIGHT is induced
upon activation of CD4* and CD8" T cells, monocytes/
macrophages, natural killer cells, immature dendritic cells
(DC) and platelets [2—6]. Accumulated evidence suggests the
involvement of LIGHT in the pathogenesis of inflammatory

disorders such as rheumatoid arthritis

spondylitis [8] and inflammatory bowel diseases [9], and it
promises to be one of the biomarkers for these diseases. The
line-up of LIGHT-producing cells including T cells, platelets
and monocyte/macrophages implies that LIGHT may be one
of the biomarkers representing disease activity of inflamma-
tory skin diseases such as atopic dermatitis (AD) [10-13].
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Summary

LIGHT [the name of which is derived from ‘homologous to lymphotoxins,
exhibits inducible expression, competes with herpes simplex virus glycopro-
tein D for herpes simplex virus entry mediator (HVEM), and expressed by T
lymphocytes’], is a member of the tumour necrosis factor superfamily that is
involved in various inflammatory diseases. We aimed to estimate the rel-
evance of plasma LIGHT levels as a biomarker for atopic dermatitis (AD). In
order to understand the putative role of LIGHT in AD pathogenesis, we also
investigate the effects of LIGHT on a monocytic cell line, human acute mono-
cytic leukaemia cell line (THP-1). We examined plasma LIGHT levels, total
serum IgE, serum value of CCL17 and peripheral blood eosinophil counts in
patients with AD and healthy subjects. The effects of LIGHT on activation and
apoptosis in THP-1 cells were also investigated. The plasma concentrations of
LIGHT in AD patients were significantly higher than those in healthy indi-
viduals and the concentrations decreased as the symptoms were improved by
treatment. The LIGHT plasma concentrations correlated with IgE levels and
the Severity Scoring of AD (SCORAD) index. In addition, LIGHT stimulation
increased expression of CD86 and induced production of interleukin-1f in
THP-1 cells. Apoptosis was inhibited, the Bcl-2 level increased and the
caspase-3 level decreased in THP-1 cells stimulated with LIGHT, compared to
unstimulated control cells. These results suggest that plasma LIGHT levels
may be one of the promising biomarkers for AD.
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However, the LIGHT plasma values in patients with AD and
their relationship with other markers representing the sever-
ity and activity of AD has not yet been investigated.

LIGHT binds mainly to HVEM [14-16], a member of the
TNF receptor superfamily, and to the lymphotoxin B recep-
tor (LTPR) [5,17,18]. HVEM is expressed on T cells, B cells,
natural killer cells, monocytes/macrophages, neutrophils
and DC [3,15,19]. The LTBR is not expressed on primary T
cells or monocytes, but is expressed prominently on stromal
cells of lymph nodes in the red pulp and along the borders of
red and white pulp [18]. It is thus suggested that the LIGHT
signal in the inflammatory process is mediated mainly by
HVEM. Among HVEM-expressing cells, lymphocytes,
monocytes/macrophages and DC are considered to be
involved mainly in the pathogenesis of AD when they are
activated [10]. LIGHT has been shown to co-stimulate pro-

[7], ankylosing

liferation and activation of T cells and increase their expres-
sion of adhesion molecules [19-21]. LIGHT and CD40L act
synergistically to stimulate proliferation of B cells, whereas
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LIGHT alone is sufficient to induce immunoglobulin pro-
duction [22]. In addition, the blockade or deletion of LIGHT
signals in mice results in increased susceptibility to Leishma-
nia major [23], suggesting its role in developing DC and/or
lymphocyte-mediated immune responses. Although it has
been demonstrated that LIGHT induces the production
of TNF-0, interleukin (IL)-2, CXC chemokine ligand
(CXCL)-8 and chemokine ligand 2 (CCL2) in monocytes/
macrophages [6,7], more detailed information about the
effects of LIGHT on the phenotype, function and lifespan of
monocytes, which is important in the understanding of the
putative role of LIGHT in the pathogenesis of AD, remains
scarce.

In this study, we determined the possibility of plasma
LIGHT values as a biomarker of AD. We also investigated the
effects of LIGHT on human acute monocytic leukaemia
cell line (THP-1) by estimating their cytokine production,
co-stimulatory molecule expression and survival.

Materials and methods

Subjects

Twenty-nine adult patients (18 men, 11 women; median age:
30 years; range: 17—42 years) with AD were enrolled into the
study. Diagnosis of AD was based on the criteria of Hanifin
and Rajka [24], and clinical severity was determined using
the Severity Scoring of AD (SCORAD) index (median score:
78; range: 6-102). The peripheral eosinophil count (median:
795; range: 180-3707/ul), serum immunoglobulin (Ig)E
(median: 10210; range: 819-66900 IU/ml), serum CCL17
(median: 1204; range: 141-3860 pg/ml) and serum lactate
dehydrogenase (LDH) (median: 274; range: 150-436 U/l)
were also examined in 21 of these patients. Each patient had
had a history of AD for more than 3 years. The control group
comprised 16 healthy subjects (seven men, nine women;
median age: 32 years; range: 21-48 years). All subjects gave
written consent; the study was approved by the University
Ethics Committee and conducted in accordance with the
Declaration of Helsinki.

Reagents and chemicals

Recombinant human LIGHT (rhLIGHT) was purchased
from R&D Systems (Minneapolis, MN, USA) and diluted in
phosphate-buffered saline (PBS) containing 0-1% bovine
serum albumin (BSA). According to the manufacturer,
rhLIGHT contains < 100 pg endotoxin contamination per g
protein, as determined by the low-density lipoprotein
method. Anti-TR2/HVEM monoclonal antibody (mAb)
(clone 122) was obtained from ThermoFisher Scientific
(Fremont, CA, USA). The following antibodies were used
in the study: anti-human CD86 monoclonal antibody
(BD PharMingen, San Diego, CA, USA); phycoerythrin-
conjugated anti-human Bcl-2 antibody (Santa Cruz Biotech-
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nology, Santa Cruz, CA, USA); and fluorescein isothiocyanate
(FITC)-conjugated rabbit anti-active caspase-3 antibody (BD
PharMingen). Lipopolysaccharide (LPS) was from Sigma (St
Louis, MO, USA). All other reagents were obtained from
Sigma unless indicated otherwise.

Cell preparation and cultures

The human monocytic cell line THP-1 was obtained from
American Type Culture Collection (Manassas, VA, USA) and
maintained in RPMI-1640 medium containing 10% non-
heat-inactivated fetal bovine serum (FBS) and 1% antibiotic/
anti-mycotic solution (both from Gisco, Carlsbad, CA,
USA) at 37°C in 5% CO,. THP-1 cells were resuspended at
1x10° cells/ml in RPMI-1640 medium containing 10%
heat-inactivated FBS and 1% antibiotic/anti-mycotic solu-
tion with or without various concentrations of rhLIGHT or
LPS. All working medium contained < 10 pg/ml of LPS, as
determined by a limulus amoebocyte lysate test (Sigma).

Flow cytometric analysis

For cell surface staining, cells were processed following
standard procedures and analysis was performed on a FAC-
Scalibur machine (Becton Dickinson, San Jose, CA, USA).
Staining was performed with the appropriate phycoerythrin
(PE)-isotype control or CD86 mAb. To analyse the expres-
sion of HVEM, the cells were incubated with an antibody
specific for HVEM or mouse IgG and then stained with goat
anti-mouse IgG FITC (Becton Dickinson). For intracellular
detection, cells were fixed for 10 min at room temperature in
4% formaldehyde and then washed twice in PBS supple-
mented with 1% FBS, 0-01% NaNj; and 0-1% saponin. Then,
5x 10° cells in 100 pul were stained using antibodies against
Bcl-2 and activated caspase-3. Cells were washed once in the
same medium and once in PBS-FBS. All data are presented
after subtraction of the background from a corresponding
isotypic control.

Enzyme-linked immunosorbent assay (ELISA)

Plasma values of human LIGHT and CCL17 were assayed
with a commercially available ELISA kit (R&D Systems). The
LIGHT detection limit is 1-2 pg/ml. The concentrations of
IL-1f, IL-18, IL-6, IL-10 and TNF-o in the culture superna-
tants of THP-1 cells and monocytes were measured using
commercially available ELISA kits (eBiosciences, San Diego,
CA, USA).

Cell death assay

To induce apoptosis, the THP-1 cells were washed five times
with PBS and then suspended in 96-well plates for 48 h
under conditions of serum withdrawal. Human monocytes
were cultured in serum-free medium or medium containing
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anti-CD95/Fas mAb CHI1 to induce apoptosis. WST-1
(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio] -
1,3-benzene disulphonate) reagent was then added to the
wells and incubation was continued for an additional 4 h at
37°C. Following this incubation, the Ays, of the cell cultures
was measured and cell viability was calculated using
the formula: [(Aws — Abackground)/ (Acontrol — Abackground)] X 100,
where A is the absorbance at A4z, background refers to the
medium alone and control refers to the untreated cell
population.

Statistical analysis

Statistical differences were determined using the Mann—
Whitney U-test for comparison of LIGHT values between
normal subjects and patients with AD and Wilcoxon’s
signed-ranks test for the transition of plasma LIGHT levels
in association with the treatments. Spearman’s rank correla-
tion coefficient analysis was carried out to examine the rela-
tionship between the levels of LIGHT in plasma and clinical
markers such as total serum IgE levels, serum CCL17,
peripheral blood eosinophil counts and SCORAD index. The
results of in-vitro study were analysed by Wilcoxon’s signed-
ranks test. P-values < 0-05 were considered to be statistically
significant. Results are expressed as the mean * standard
error of the mean (s.e.m.), unless indicated otherwise.

Results

Increased plasma LIGHT levels in patients with AD

To explore the possibility of LIGHT as a biomarker of AD, we
examined the LIGHT levels in plasma from chronic AD
patients. As shown in Fig. 1a, LIGHT levels were significantly
higher in AD patients (median: 34-5 pg/ml, range: 7-7—
323-7 pg/ml, lower quartile: 14-8 pg/ml, upper quartile:
65-4 pg/ml) than in healthy controls (median: 905 pg/ml,
range: < 1-2-36-7 pg/ml, lower quartile: < 1-2 pg/ml, upper
quartile: 26-3, P < 0-0006).

Plasma LIGHT levels correlated with the SCORAD index
and serum IgE levels (Table 1, Fig. 1b,c). However, there was
no significant correlation between the LIGHT levels and
plasma LDH levels, CCL17 (Fig. 1d) or peripheral eosinophil
counts (Table 1). These findings indicate that elevated
LIGHT levels are associated with clinical severity of AD.

We then analysed whether LIGHT levels changed in asso-
ciation with improvement of eruption in AD. The five AD
patients (three men, two women) were treated with conven-
tional therapy such as topical steroids and oral anti-
histamines in in- and out-patients. The SCORAD index was
improved by approximately 20 points from before-to-after
treatment. The LIGHT levels decreased markedly in plasma
collected from these patients after treatment compared to
that before treatment (Table 2, Fig. 1e). These results suggest
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Fig. 1. Levels of LIGHT [the name of which is derived from
‘homologous to lymphotoxins, exhibits inducible expression,
competes with herpes simplex virus glycoprotein D for herpes simplex
virus entry mediator, and expressed by T lymphocytes’] are increased
in patients with atopic dermatitis (AD). (a) Plasma levels of LIGHT
in patients with AD (n =29) during excerbation and in healthy
subjects (control: n = 16). Correlation of plasma LIGHT and Severity
Scoring of AD (SCORAD) (b), serum immunoglobulin (Ig)E (c) and
serum CCL17 (d) were assessed in 21 patients. (e) Changes of plasma
LIGHT levels before and after treatment in AD patients. Plasma
samples were obtained when the eruptions were aggravated (Pre)

and after treatment (Post) (1 =5). LIGHT levels were measured by
enzyme-linked immunosorbent assay.

that the plasma LIGHT level changes in association with the
disease activity of in AD.

LIGHT alters the phenotype and function of
THP-1cells

To examine the effct of LIGHT on the phenotype, cytokine-
producing capacity and lifespan of monocytes, we used the
human monocytic cell line THP-1, which also expressed
HVEM on flow cytometry (Fig. 2a).

The cells were incubated for 48 h in the presence or absence
of 100 ng/ml or 1000 ng/ml of thLIGHT, or 100 ng/ml of LPS
as a positive control. The expression of CD86 on THP-1 cells,
which is known to be up-regulated in association with their
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Table 1. Correlation between plasma LIGHT levels and other bio-
markers of atopic dermatitis.

Median value Correlation  Analysis

(range) r P
Serum IgE (U/ml) 10 210 (81967 000) 0-59 0-005
Serum LDH (U/1) 261 (150-436) 0-20 0-4035
Serum CCL17 (pg/ml) 1204 (141-3860) 0-07 0-761
Eosinophil (counts/pl) 795 (180-3707) 0-05 0-830
SCORAD index 78 (6-102) 0-57 0-007

Reference values: serum IgE, <380 U/ml; serum lactate dehydroge-
nase (LDH), 114-243 U/]; peripheral eosinophil counts, <420/ul; serum
CCL17, 0—449 pg/ml. n =21.

Table 2. Severity Scoring of atopic dermatitis (AD) (SCORAD) index
and plasma LIGHT [the name of which is derived from ‘homologous to
lymphotoxins, exhibits inducible expression, competes with herpes
simplex virus glycoprotein D for herpes simplex virus entry mediator
(HVEM), and expressed by T lymphocytes’] levels before to after treat-
ment from the five patients with AD.

SCORAD index LIGHT (pg/ml)

Patient Pre Post Pre Post

1 45 20 3393 72:3
2 43 16 107-7 26
3 49 22 60-2 16:1
4 40 15 654 350
5 90 35 148-0 2:6

activation, was then determined. Treatment with rhLIGHT
induced a significant increase in expression of CD86 on the
surface of THP-1 cells (Fig. 2b,c). Culture supernatants were
collected and measurement of cytokine concentrations by
ELISA showed that LIGHT significantly enhanced the pro-
duction of IL-1f3 by THP-1 cells (Fig. 2d). The LIGHT effects
were weaker than those induced by LPS. Neither IL-6, TNF-o,
IL-10 nor IL-18 was detected in the supernatant of THP-1
with LIGHT-treated cells (data not shown).

LIGHT prevents apoptosis of THP-1 cells

Next, we examined whether apoptosis of THP-1 cells was
inhibited by LIGHT. In an initial experiment to induce apo-
ptosis, THP-1 cells were cultured for 48 h without serum in
the presence of different concentrations of LIGHT and the
proportion of apoptotic cells was assessed by WST-1 assay, as
reported previously [25]. As shown in Fig. 3a, LIGHT inhib-
ited apoptosis in a dose-dependent manner. LIGHT
1000 ng/ml reduced apoptosis of THP-1 cells by 77%. The
effect of LIGHT on monocyte survival was weaker than
those induced by LPS.

Effect of LIGHT on Bcl-2 and activated caspase-3
expression in THP-1 cells

The Bcl-2 family of proteins plays a role in apoptosis regu-
lation [26,27]. Therefore, we examined whether expression
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of Bcl-2 proteins in THP-1 cells was affected by LIGHT.
THP-1 was cultured for 48 h without serum in the presence
of different concentrations of LIGHT and intracellular
expression of Bcl-2 was analysed by flow cytometry. As
shown in Fig. 3b, LIGHT enhanced the expression of Bcl-2
in THP-1 cells. Caspases also play a role in many forms of

()

0 Nil L100 L1000 LPS
@ L1 .

(pg/ml) 60

50

40 «

30

20

10

0 Nil L100 L1000

Fig. 2. LIGHT [the name of which is derived from ‘homologous to
lymphotoxins, exhibits inducible expression, competes with herpes
simplex virus glycoprotein D for herpes simplex virus entry mediator,
and expressed by T lymphocytes’] alters the phenotype and function
of human acute monocytic leukaemia cell line (THP-1) cells. (a)
Expression of HVEM in THP-1 cells. THP-1 cells were stained with
fluorescein isothiocyanate (FITC)-conjugated anti-HVEM antibody
(solid line) or isotype-matched control (dotted line) and expression
of HVEM was analysed by cell flow cytometry. The representative
date of three similar experiments are shown. (b) Phenotype and
function of THP-1 cells incubated with or without 100 ng/ml (L100)
or 1000 ng/ml (L1000) of recombinant human LIGHT, or 100 ng/ml
of lipopolysaccharide (LPS) as a positive control. Representative
examples of CD86 expression determined by flow cytometry. (c)
CD86 expression on THP-1 cells, as revealed by the mean * standard
error of the mean (s.e.m.) (error bars) of six to seven independent
experiments. (d) Interleukin (IL)-1f concentration in cell culture
supernatants measured by enzyme-linked immunosorbent assay. The
data are presented as the mean * s.e.m. (error bars) of six to seven
independent experiments. *P < 0-05 compared with control.
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Fig. 3. (a) Apoptosis of human acute monocytic leukaemia cell line
(THP-1) cells incubated with or without 100 ng/ml (L100) or

1000 ng/ml (L1000) of recombinant human LIGHT [the name of
which is derived from ‘homologous to lymphotoxins, exhibits
inducible expression, competes with herpes simplex virus glycoprotein
D for herpes simplex virus entry mediator, and expressed by T
lymphocytes’], or 100 ng/ml of lipopolysaccharide (LPS) as a positive
control. Apoptosis was measured by a WST-1 assay for cells incubated
with culture medium without serum. Effects of LIGHT on Bcl-2 (b)
and activated caspase-3 (c) expression in THP-1 cells incubated with
or without 100 ng/ml (L100) or 1000 ng/ml (L1000) of rhLIGHT, or
100 ng/ml of LPS. All data were obtained by flow cytometry. The data
are presented as the mean =* standard error of the mean (error bars)
of six independent experiments. *P < 0-05 compared with control.
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apoptosis [28], and a central role in the execution of apop-
tosis has been shown for caspase-3. Therefore, we also exam-
ined whether the expression of active caspase-3 was affected
by LIGHT. THP-1 cells were cultured for 48 h without serum
in the presence of different concentrations of LIGHT
and intracellular expression of caspase-3 was analysed by
flow cytometry. As shown in Fig. 3¢, LIGHT reduced the
expression of caspase-3 in THP-1 cells.

Discussion

In this study, we show that the plasma concentrations of
LIGHT in AD patients were higher than those in healthy
volunteers. The plasma LIGHT levels showed a correlation
with IgE. Furthermore, the LIGHT levels showed a signifi-
cant correlation with the SCORAD index, which agrees with
the result that treatment of AD decreased the LIGHT con-
centration. However, in our study plasma LIGHT levels did
not correlate significantly with serum CCL17 levels, which
are considered to reflect the degree of local inflammatory
reaction; i.e., disease activity of AD [29]. Conversely,
SCORAD represents the clinical state of patients with AD;
i.e., disease severity of AD. To calculate SCORAD, the area
of eruptions, intensity of eruptions, including erythema,
oedema/papule, oozing/crust, excoriation, lichenification,
and xerosis, pruritus and insomnia are evaluated. The dis-
crepancy between their correlations regarding plasma
LIGHT levels may be explained by the difference in major
sources of cells producing LIGHT and CCL17. It has been
demonstrated previously that keratinocytes, T cells and DC
are major sources of CCL17 in AD patients [29], whereas
LIGHT is induced upon activation of T cells, monocytes/
macrophages, natural killer cells, immature DC and plate-
lets [2—6]. Scratching because of severe itch often results in
excoriation and haemorrhaging at the lesion in AD, which
activate platelets [30]. In chronic eruption such as licheni-
fication, monocytes are activated, prolonging their lifespan
by escaping apoptosis and infiltrating the inflammatory site
[31]. Activation of platelets and monocytes/macrophages in
patients with AD [30] may thus contribute much more to
increased levels of plasma LIGHT than serum CCL17
values. Interestingly, itch, excoriation and lichenification
are all included in computing SCORAD, while they do not
always seem to represent the degree of local inflammatory
reaction.

In this study, LIGHT stimulation increased the expression
of CD86 and induced the production of IL-1f in THP-1
cells. These results agree with previous observations showing
the proinflammatory property of LIGHT [6,7]. Interestingly,
activated monocyte/macrophages show increased produc-
tion of LIGHT and enhanced expression of HVEM, suggest-
ing that monocytes/macrophages could be activated in an
autocrine manner [7]. It may thus be speculated that LIGHT
could activate monocytes in the circulation and skin lesions
and be involved in the inflammatory process in AD.

© 2012 The Authors
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Conversely, a recent report showed that HVEM-over-
expressing DC ameliorated autoimmune myocarditis by
producing a regulatory cytokine, IL-10, which had further
effects on the induction of IL-10-producing CD4™ T cells
[32], indicating that the LIGHT-HVEM pathway is involved
in immune regulation. Although treatment of monocytes
and THP-1 cells with LIGHT did not induce IL-10 produc-
tion in our study (data not shown), the capability of LIGHT
to regulate immune responses should be estimated in further
investigations.

Unstimulated monocytes undergo apoptosis within
approximately 24 h and maintain homeostasis in tissues,
whereas apoptosis is decreased in monocytes stimulated with
cytokines and cross-linked with CD40L and FceRI [33]. Such
monocytes can survive for several months and remain in
an inflamed site, leading to establishment of chronic
inflammation. In this study, apoptosis of THP-1 cells was
inhibited after treatment with LIGHT, with a corresponding
increase in Bcl-2, an anti-apoptotic protein and a decrease in
caspase-3, a pro-apoptotic protein. In inflammatory dis-
eases, LIGHT produced by activated T cells, platelets and
monocytes/macrophages would prolong the lifespan of
monocytes, which may contribute to chronic inflammation.
Monocytes differentiate into macrophages or DC, depending
on the surrounding microenvironment, and these cells
modify the disease conditions according to their respective
characteristics. Therefore, it is of interest to investigate the
effect of LIGHT on the differentiation of monocytes.

As mentioned above, LIGHT induces proliferation and
immunoglobulin production [22]. B cells class-switched by
T helper type 2 (Th2) cytokines to produce IgE are stimu-
lated by LIGHT to produce large amounts of IgE, which may
account for the correlation of plasma concentration of
LIGHT with the IgE level. In addition, LIGHT-HVEM
stimulation induces co-stimulation of T cells, particularly
CD8™ T cells [4,34,35]. Recently, it has been shown that
CD8™ T cells are recruited early to allergen exposure sites in
atopy patch-test reactions in patients with AD [13], suggest-
ing an early and critical role for CD8 T cells in the devel-
opment of AD lesions and a possible involvement of LIGHT
in this process by co-stimulation of CD8™ T cells.

Recently, LIGHT-transgenic mice have been shown to
display elevated serum levels of triglyceride and cholesterol
even on a normal diet, which is exaggerated further when the
mice were placed on a high-fat, high-cholesterol diet [35].
Kusunoki et al. reported that childhood obesity has positive
associations with prevalence and AD severity [36]. Although
information about neither body weight nor serum lipid
values are available in our patients, it is interesting to esti-
mate the relationship between plasma LIGHT values and
body mass index or serum lipid values.

In conclusion, we propose that plasma LIGHT levels may
be a promising biomarker for AD. The precise role of the
LIGHT-HVEM pathway in the pathogenesis of AD should
be explored further.

© 2012 The Authors
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