
Fibroblasts stimulated via HLA-II molecules produce
prostaglandin E2 and regulate cytokine production
from helper T cells
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Fibroblasts act as important immune regulatory cells via their ability to cross-talk with T cells accumulating in lesions.
Our previous study showed that fibroblasts produce several cytokines and chemokines by crosslinking HLA class II (HLA-II)
molecules with monoclonal antibodies or by making T-cell receptor–peptide–HLA complexes. It is thus conceivable that
the interaction of T cells and fibroblasts via HLA-II affects fibroblast responses to stimuli. This study used human gingival
fibroblasts (HGF) to investigate possible effects of these fibroblast-derived soluble factors on the differentiation of naı̈ve
T cells and on the subsequent fibroblast responses. After mixed lymphocyte reaction culture between naı̈ve T cells and
allogeneic dendritic cells in the presence of culture supernatant from HGF stimulated via HLA-DQ molecules (DQ-sup), but
not via DR, T cells exhibited a Th2-shifted phenotype, thereby producing quantitatively more IL-13 and IL-5 compared
with interferon-g. Astonishingly, analyses to identify possible factors affecting the Th2 polarization secreted from HLA-II-
stimulated HGF, prostaglandin E2, was detected only in DQ-sup. The Th2 polarization of naı̈ve T cells was blocked in the
presence of supernatants from indomethacin-treated HGF with HLA-DQ stimulation. In addition, we found that the
culture supernatants of Th cells activated following mixed lymphocyte reaction culture in the presence of DQ-sup had the
potential to induce gene expression of type I and III collagens in HGF. These results suggested that fibroblasts stimulated
via HLA-DQ molecules promote Th2 polarization in Th-cell responses and showed the counter activation of collagen
synthesis, implicating orchestrated responses among these cells in the fibrosis of chronic inflammatory lesions.
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Fibroblasts that accumulated at the site of tissue damage
during chronic inflammation have a significant role in tissue
repair by synthesizing extracellular matrix. In addition to
this remodeling of connective tissues, recent reports also
implicate an important and more direct role for fibroblasts in
the immune system. Stimulated by invading microorganisms
and/or other environmental factors, including inflammatory
cytokines, fibroblasts produce various other cytokines,
including IL-1, IL-6, IL-8, monocyte chemoattractant
protein 1 (MCP-1; CCL-2), and prostaglandins.1–7 It is
postulated that these fibroblast-derived products might help

in conditioning the cytokine environment around infla-
mmatory sites to promote the accumulation of hemato-
poietic cells, including neutrophils, monocyte/macrophages,
dendritic cells (DCs), T cells, B cells, and plasma cells, which
in turn act to regulate the immune response.

Many proteins expressed on the fibroblast surface are in-
volved in regulating hematopoietic cells. Class II HLA (HLA-
II) is one such molecule that signals to CD4þ helper T cells
(Th cells) and whose expression is upregulated by interferon-g
(IFN-g).8 In general, HLA-II molecules are expressed on
antigen-presenting cells (APCs) to activate Th cells via the
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T-cell receptor(TCR)/antigenic peptide complex. Recent
studies showed that HLA-II also acts as a receptor for
signaling APCs to stimulate cytokine production.9,10 We
previously showed that fibroblasts secrete several cytokines,
such as regulated upon activation, normal T cells expressed
and secreted (RANTES), MCP-1, IL-8, and IL-6, when HLA-
II molecules on the fibroblast surface are crosslinked with
monoclonal antibodies (mAbs) or when a complex is formed
comprising antigenic peptides, TCRs, and HLA-II molec-
ules.11 As proliferative responses of T-cell clones were not
observed in the co-culture system with antigen-presenting
fibroblasts in that study, we proposed that HLA-II molecules
expressed on the cell surface of fibroblasts act chiefly as rec-
eptor molecules to induce the cells to produce soluble factors,
including cytokines and chemokines, rather than as antigen-
presenting molecules to activate T cells. It is therefore likely
that products from fibroblasts activated by HLA-II signaling
would also regulate Th-cell activation and differentiation in
response to antigenic peptides presented by APCs including
DCs. These products might then in turn induce biological
effects on fibroblasts. We hypothesized that such cellular
responses to HLA-II signaling could influence the outcome of
inflammatory responses stimulated at sites of injury.

DCs are the most potent APCs in terms of antigen-specific
T-cell responses. DCs also contribute to the differentiation
path of naı̈ve T cells by developing themselves into functional
DC phenotypes.12 This differentiation of DCs is regulated by
a variety of extracellular factors, including cytokines, che-
mokines, and glycolipids,13–15 secreted from many kinds of
cells located in the antigen-presenting environment. Products
from fibroblasts activated by crosslinking HLA-II molecules
are therefore possible factors affecting the development of
DCs and the subsequent differentiation of naı̈ve T cells.

This study examined the effects of products from human
gingival fibroblasts (HGF) activated by crosslinking HLA-II
molecules on Th-cell response and differentiation. To do this,
we evaluated the Th-cell cytokine profile of culture super-
natants using an in vitro model system following an allo-
geneic mixed lymphocyte reaction (MLR) between naı̈ve
T cells and DCs in the presence of products from HGF with
or without HLA-II stimulus. We also assessed consecutive
effects of differentiated Th cells after MLR culture in the
presence of products of HLA-II-stimulated HGF.

MATERIALS AND METHODS
Antibodies
mAbs L243 (mouse anti-HLA-DR; Leinco Technologies,
Ballwin, MO, USA) and 1a3 (anti-HLA-DQ; Leinco Tech-
nologies) were used to transduce signals into HGFs via HLA-
DR and HLA-DQ, respectively. Isotype-matched control
mouse IgG2a antibodies were obtained from Pharmingen
(San Diego, CA, USA). Hit3a (mouse anti-human CD3;
Pharmingen) and CD28.2 (mouse anti-human CD28;
Pharmingen) were used as inducing mAbs for nonspecific
T-cell activation.

Cells
Gingival fibroblasts
HGFs were isolated from three healthy volunteers’ gingival
tissues (three males; age: 33.0±2.2 years), plated initially on
35-mm cell culture dishes pre-coated with type I collagen
and fibronectin. Outgrown cells from tissue explants were
expanded and maintained as described previously.16 Briefly,
the cells were cultured in Dulbecco’s modified Eagle’s med-
ium supplemented with 10% fetal bovine serum, 10 mg/ml
gentamicin, 0.1 mM non-essential amino acids, vitamins, and
2 mM L-glutamine. Confluent cells were passaged with a split
ratio of 1:4. All experiments were carried out while these cells
were actively growing at passages 5–8.

Dendritic cells
Peripheral blood mononuclear cells (PBMC) were isolated
from the buffy-coat fraction of anticoagulated blood samples
by using the Ficoll-Paque (GE Healthcare Bio-Science Corp,
Piscataway, NJ) gradient solution method. Four anonymized
blood samples were kindly gifted from the Japanese Red
Cross Society as redundant materials to blood transfusion.
CD14þ cells were purified from PBMC using the MACS
CD14 isolation kit (Miltenyi Biotec, Bergisch Gladbach,
Germany). The CD14þ cells were cultured for 5 days in the
presence of 50 ng/ml rGM-CSF (NCPC-GeneTech, Heibei,
China) and 50 ng/ml rIL-4 (Osteogenetics Gmbh, Wuerz-
burg, Germany) to generate monocyte-derived immature
DCs. To determine the effect of the HGF culture supernatants
on DC maturation, immature DCs were re-stimulated with
50 ng/ml tumor necrosis factor-alpha (TNF-a) (PeproTech,
London, UK) for 2 days as a maturation factor, in the
presence or absence of the HGF culture supernatants.

Naı̈ve CD4þ T cells
Naı̈ve T cells were isolated from PBMC by negative selection
using StemSep human naı̈ve CD4þ T-cell enrichment
kit (StemCell Technologies, Vancouver, BC, Canada) accor-
ding to the manufacturer’s instructions after elimination
of CD14þ cells. The naı̈ve T-cell-enriched fraction con-
tained 495% CD45RA-positive cells as determined by flow
cytometry.

Informed consent was obtained from all donors, and the
protocol was approved by the Human Ethics Committee of
Hyogo College of Medicine.

Preparation of HGF Culture Supernatants Following
the HLA-II Stimulus
Culture supernatants of HGF stimulated via HLA-DR
(DR-sup) or -DQ molecules (DQ-sup) were collected fol-
lowing 16 h of HGF culture in the presence of L243 or 1a3
mAb, respectively. The control HGF cultures contained iso-
type-matched mouse control Ab. Before culturing with the
anti-HLA mAbs, HGFs were cultured for 72 h with or with-
out 500 U/ml IFN-g (Genzyme, Cambridge, MA, USA), fol-
lowed by serum-free medium for 24 h for serum starvation.
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The collected supernatants were then depleted of anti-HLA-II
mAbs and mouse control Ab by incubation with sheep anti-
mouse IgG Ab-conjugated magnetic beads and Dynabeads
M-280 sheep anti-mouse IgG (Invitrogen, Carlsbad, CA,
USA) for 3 h. Experiments in which indomethacin was used
to block the synthesis of cyclooxygenase metabolites used
1 mM indomethacin (Sigma, St Louis, MO, USA).

Allogeneic MLR
Naı̈ve T-cell differentiation was evaluated according to the
Th-cell cytokine profiles following the allogeneic MLR.
Briefly, DCs stimulated with or without the HGF culture
supernatants in the presence of TNF-a were co-cultured
with HLA-II-non-shared allogeneic naı̈ve T cells to induce
MLR, resulting in the activation of naı̈ve T cells (DCs to
T cells¼ 1:10). After 7 days of culture in the presence or
absence of DR-sup or DQ-sup, T cells were collected and
re-stimulated with anti-CD3 and anti-CD28 agonistic mAbs
to induce nonspecific T-cell activation. After an additional
16-h culture, supernatants were collected and assayed for
selected cytokines.

Measurement of Cytokines and Prostaglandin E2
Specific solid-phase sandwich ELISA systems were used to
measure IFN-g and IL-13 titers with commercial pairs of
capture and detection antibodies as follows: M700A and
M701B for IFN-g, or P130E and M130B for IL-13 (Pierce
Biotechnology, Rockford, IL, USA). IL-5 titer was assayed
using the IL-5 DuoSet ELISA Development kit (R&D
Systems, Minneapolis, MN, USA) according to the manu-
facturer’s instructions. Prostaglandin E2 (PGE2) production
from HGF with or without the HLA-II stimulus was mea-
sured using Prostaglandin E2 enzyme immunoassay kits
(Assay Designs, Ann Arbor, MI, USA). RANTES and MCP-1
productions from HGFs were measured by using the
RANTES DuoSet ELISA Development kit (R&D Systems)
and Quantikine human CCL2/MCP-1 immunoassay (R&D
Systems). Supplementary Information available on Labora-
tory Investigation’s website shows the amounts of cytokines
used in the experiments.

Quantitative Real-Time Reverse Transcription-PCR
Measurement of Gene Expression
The HGF lines in 398-well plates were evaluated for type I
and III collagen synthesis by real-time PCR, using the ABI
Prism 7900 Sequence Detection System (Applied Biosystems,
Foster City, CA, USA) and according to the manufacturer’s
instructions. Two-step reverse transcription (RT)-PCR was
performed using dilutions of first-strand cDNA in a final
concentration of 1�Assays-On-Demand and 1�TaqMan
Universal PCR Master Mix (Applied Biosystems). First-
strand cDNA was synthesized with 1 mg of total RNA derived
from HGF cultured with or without the supernatants of
the MLR between T cells and DCs. Total cellular mRNA was
extracted from HGF using TRIZOL Reagent (Invitrogen)

according to the manufacturer’s protocol. TaqMan probes
and primers for COL1A1 (Hs01076777_m1), COL3A1
(Hs00164103_m1), IL13RA2 (Hs00152924_m1), TGFB1
(Hs00998133_m1), and GAPDH (4326317E) were provided
in the Assay-on-Demand gene expression kit (Applied Bio-
systems). Triplicate RT-PCR reactions were prepared for each
sample. The point at which the PCR product was first de-
tected above a fixed threshold, termed the cycle threshold
(Ct), was determined for each sample, and the average Ct of
triplicate samples was calculated. The relative expression
of type I and III collagens, IL-13RA2, and TGF-b mRNA
was normalized to the amount of GAPDH in the same
cDNA using the DCt method. The DCt value is determined
by subtracting the average GAPDH Ct value from the
average COL1A1, COL3A1, IL13RA2, and TGFB1 Ct values,
respectively.

Western Blot Analysis
HGFs were cultured for 18 h with the supernatants of Th cells
activated after MLR culture in the presence of DR-sup,
DQ-sup, or Cont-sup. The HGF culture supernatants were
then harvested and analyzed by western blotting to assess the
protein synthesis of type I and type III collagens. Briefly, the
culture supernatants of HGFs were centrifuged at 13 000 g for
10 min, and the amounts of total protein were quantitated
using the Bradford protein assay (Bio-Rad Laboratories,
Richmond, CA, USA). Equal protein amounts (7.5 mg) were
subjected to SDS-PAGE under reducing conditions, followed
by electrophoretic transfer to nitrocellulose membrane for
immunoblotting. Membranes were blocked with 5% non-fat
dry milk in PBS containing 0.1% Tween-20 overnight, and
then incubated with antibody against human type I collagen
(COL1A1 (H-197); Santa Cruz Biotechnology, Santa Cruz,
CA, USA) or type III collagen (Rockland Immunochemicals,
Gilbertsville, PA, USA). The membranes were then incubated
with horseradish peroxidase-linked secondary antibody
(Santa Cruz Biotechnology) and antibody binding was sub-
sequently visualized by chemiluminescence (ECL reagent;
Amersham Biosciences, Tokyo, Japan) according to the
manufacturer’s recommendations.

Statistical Analysis
The multiple comparison procedure following a significant
F-test of ANOVA was used to determine significant difference
among the multigroup data. Student’s t-test was used
for comparing data between groups. P-values o0.05 were
considered as significant.

RESULTS
The Expression of HLA II Molecules on HGF
We first estimated the expression levels of HLA-DR and -DQ
in HGF cell lines established from three different donors by
flow cytometry, and found no significant difference among
them. The comparison of DR and DQ expression levels
revealed that DR molecules were more highly expressed than
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DQ molecules. As reported previously,8,17 HLA-DR was up-
regulated on HGF in the presence of IFN-g. In contrast, DQ
expression on HGF remained constant regardless of the
pretreatment with IFN-g (Figure 1)

The Effect of Culture Supernatants of HGF Stimulated
via HLA-II on Th-cell Polarization
The effect of incubating culture supernatants from HLA-II-
stimulated HGF on the differentiation of naı̈ve T cells was
then tested. Cytokine profiles of activated T cells were ana-
lyzed after co-culturing with HLA-II-non-shared allogeneic
DCs, namely the MLR cultures, in the presence of culture
supernatants of HGF stimulated with anti-HLA-DR mAb
(DR-sup), anti-DQ mAb (DQ-sup), or isozyme-matched
control antibody (Cont-sup).

Before the MLR study, culture supernatants of HGF cell
lines from three donors with or without HLA-II stimulus
were assayed for the cytokines secreted from HLA-DR-
stimulated periodontal ligament fibroblasts as reported in
our previous study.11 RANTES, MCP-1, IL-8, and IL-6 were
detected in both DR-sup and DQ-sup as shown previously,
and each cytokine or chemokine concentrations was similar
to our previous data11 (data not shown). There was little
difference in the total amounts of these cytokines between
DR-sup and DQ-sup in each HGF donor cell line tested in
this study. However, no difference was detected in the profile
of cytokines secreted by HGF stimulated via HLA-DR or -DQ
molecules according to our commercially supplied cytokine
array (Raibiotech, Norcross, GA, USA)18 (data not shown).

Naı̈ve T cells co-cultured with allogeneic DCs in the pre-
sence of HGF culture supernatant from DQ-sup-stimulated,
but not DR-sup-stimulated cells differentiated into cells able
to produce high amounts of Th2-type cytokines, including
IL-5 and IL-13, as compared with the Th1 cytokine, IFN-g
(Figure 2a). The ratios of IL-13 and IL-5 to IFN-g tended
to parallel the change in titers of the culture supernatants of

HGF stimulated via HLA-II and contained in the MLR
culture medium.

DCs have the unique ability to induce a primary immune
response through activation and polarization of naı̈ve
T cells.19–21 It is therefore possible that the products of HLA-
II-stimulated HGF might affect the development of DCs,
with consequential implications for the differentiation of
naı̈ve T cells. Thus, we also examined cytokine levels in
activated Th cells co-cultured with HLA-II-non-shared allo-
geneic DCs that were previously cultured with HGF super-
natants during their maturation process. Naı̈ve T cells
co-cultured with allogeneic DCs matured in the presence of
DQ-sup showed marked Th2 polarization relative to those
co-cultured with DCs matured in the presence of DR-sup or
Cont-sup (Figure 2b), which was similar to the results with
co-cultured naı̈ve T cells with DCs in the presence of HGF
culture supernatants as shown in Figure 2a. These results
suggested that products from HGF stimulated via HLA-DQ
molecules act mainly on DC activation, thus skewing T cells
toward the Th2 phenotype in a primary allogeneic response.

Identification of the Possible Factors Regulating
T Cells and DCs Differentiation by HGF Stimulated
via HLA-DQ Molecules
Although there was quite a difference between DR-sup and
DQ-sup in the ability to induce Th2 polarization in Th cells
after MLR culture, the cytokine profiles of these two super-
natants were similar as we described previously.18 As PGE2

was recently implicated in promoting Th2 polarization in
Th cells,22,23 we next compared PGE2 production between
HGF stimulated via HLA-DR and -DQ. Surprisingly, PGE2

was detected only in DQ-sup, but neither in DR-sup nor in
the culture supernatant of HGF without stimulus, whereas
the levels of secreted RANTES and MCP-1 did not differ
between stimuli (Figure 3). PGE2 production from HGF
stimulated via HLA-DQ was inhibited by the cyclooxygenase
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Figure 1 Expression of HLA-DR and HLA-DQ molecules on HGF stimulated with or without IFN-g. Cell surface expression of HLA-DR and HLA-DQ molecules

(open histograms) by HGF were analyzed by immunostaining followed by flow cytometry analysis. HGFs were treated with (solid lines) or without

(dotted lines) IFN-g at 200 U/ml for 72 h. Basal fluorescence levels are indicated by shaded area when cells were stained with isotype-matched nonspecific

IgG antibody. Representative data of two independent experiments from three donors are shown.
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inhibitor indomethacin, whereas again, RANTES and
MCP-1 production was similar between indomethacin-
treated and -untreated HGF (Figure 3).

We next examined the differentiation of naı̈ve T cells
co-cultured with allogeneic DCs in the presence of culture
supernatants of indomethacin-treated HGF stimulated via
HLA-DR (Indo-DR-sup) or HLA-DQ (Indo-DQ-sup). Th-cell
polarization was also compared between culture super-
natants of indomethacin-treated and -untreated HGF.
As shown in Figure 4a, Th2 skewing was abrogated when
DQ-sup was changed to Indo-DQ-sup. T-cell differentiation

after MLR culture was similar between DR-sup and Indo-
DR-sup. We also assessed the effects of these indomethacin-
treated HGF supernatants on the activation of DCs during
their maturation process from immature DC to mature DC.
Naı̈ve T cells co-cultured with DCs matured in the presence
of Indo-DR-sup or Indo-DQ-sup showed similar Th2
polarization to that observed in co-cultures of Th cells with
allogeneic DCs in the presence of Indo-DR-sup or Indo-DQ-
sup (Figure 4b). Moreover, when PGE2 was added to Indo-
DQ-sup, naı̈ve T cells showed similar Th2 polarization to
that observed in co-cultures of Th cells with allogeneic DCs
in the presence of DQ-sup (Figure 4b).

Thus, the regulation of Th2 polarization in Th cells could
be partially attributed to the activation of DCs being affected
by PGE2 produced from HGF stimulated via HLA-DQ.

The Effects of the Culture Supernatants of Th cells
Activated by MLR in the Presence of DR- and DQ-Sup on
HGF Activities in Collagen Synthesis
Recent studies showed that several cytokines produced by Th
cells regulate extracellular matrix deposition by fibroblasts.
Indeed, Th2-type cytokines such as IL-13 enhance collagen
synthesis in fibroblasts, whereas Th1-type cytokines, espe-
cially IFN-g, show the opposite effect.24–26 We therefore
hypothesized that collagen synthesis in the HGF lines would
be enhanced by the soluble products from Th cells activated
in the presence of the HLA-II-stimulated HGF culture su-
pernatant. To test this issue, we compared mRNA expressions
of COL1A1 and COL3A1 among HGF lines cultured with
several Th-cell culture supernatants after MLR with DR-,
DQ-sup, or Cont-sup. After a 6-h culture, the expressions of
COL1A1 and COL3A1 were significantly higher in HGF
cultured with the Th-cell culture supernatants after MLR in
the presence of the supernatants of HGF stimulated via HLA-
II compared with Cont-sup (Figure 5a). In addition, Th-cell
culture supernatants after MLR in the presence of DQ-sup
induced higher mRNA expression of both COL1A1 and
COL3A1 in HGF than in the presence of DR-sup. The eva-
luation of protein synthesis of type I and type III collagens in
18-h cultures of HGFs revealed results similar to the mRNA
expression analysis of COL1A1 and COL3A1, respectively, in
comparison with the effects of Th-cell culture supernatants
after MLR in the presence of DR-, DQ-sup, or Cont-sup
(Figure 5b).

Moreover, the gene expressions of IL-13a2 receptor
(IL13RA2) and TGF-b1 (TGFB1) were evaluated in HGF
cultured with the supernatants of activated Th cells in the
presence of DQ-sup compared with the supernatants of ac-
tivated Th cells in the presence of DR-sup (Figure 5c),
showing an elevation of IL13RA2 expression. However, we
could not resolve the effects on the gene expression of TGFB1
(Figure 5d). Hence, these results suggested that the products
from Th cells activated in the presence of the products from
HLA-DQ-stimulated HGF are likely to induce collagen
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Figure 2 Cytokine production of activated Th cells following MLR culture

with allogeneic DCs in the presence of soluble factors produced by HLA-II-

stimulated HGFs. Naı̈ve Th cells were cultured with allogeneic DCs (T cells/

DC ratio 10:1) for 7 days. After the cellular expansion by MLR culture, Th

cells were collected and re-stimulated with anti-CD3/CD28 mAbs for 2 days,

and culture supernatants were harvested to determine IFN-g, IL-5, and IL-13

concentrations by ELISA. The ratios of IL-13/IFN-g and IL-5/IFN-g were

calculated and were indicated by the mean value±s.d. of triplicate cultures

of one set of T-cell-DC-HGF. Soluble factors produced from HGF stimulated

with HLA-II mAbs, including anti-DR (L243; shaded columns) and anti-DQ

mAbs (1a3; closed column), or with isozyme-matched control antibodies

(open columns) were diluted (final concentration: 1/2, 1/4, 1/8) and added

into the MLR culture between DCs and Th cells (a) or the culture of DCs to

induce maturation (b). Representative data of six independent experiments

are shown (*Po0.05).
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synthesis in HGF regardless of changes in the gene expression
of TGFB1.

DISCUSSION
Many kinds of mesenchymal or epithelial bystander cells
around immunological cells regulate the development of
T cells27–31 and DCs32–36 via signals mediated by the soluble
factors, and/or direct cell–cell contact resulting in cell liga-
tions such as CD40-CD40L and ICAM-1-LFA-1. Previously,
we reported that fibroblasts produce several cytokines such as
RANTES, MCP-1, IL-6, IL-8, and the growth-related gene
product following HLA-II stimulation.11,18 These results
suggested that fibroblasts stimulated thus might act in the
recruitment of immunological cells and angiogenesis at sites
of inflammatory lesions. Accordingly, this study estimated
the effects of soluble factors from HLA-II-stimulated fibro-
blasts on the immunological responses mediated by Th cells.
The findings revealed that some of these factors, especially
from those cells stimulated via HLA-DQ signaling, skew
Th cells toward the Th2 immune response. These results
implicate fibroblasts stimulated via HLA-II molecules
as potential regulators of Th-cell responses evoked in in-
flammatory lesions around fibrous tissues.

In this study, we focused on the soluble factor-mediated
immunomodulatory effects of HLA-II-stimulated fibroblasts
on the differentiation of naı̈ve T cells during interactions
between T cells and antigen-presenting DCs. Such factors,
and DQ in particular, showed the potential to skew Th cells
toward the Th2 immune response. Meanwhile, it is likely that
naı̈ve T-cell differentiations are also directly regulated via
signaling induced by the ‘cell-to-cell’ contact between T cells
and fibroblasts. However, since our previous studies showed
no proliferative responses of T-cell clones in co-cultures with
antigen-presenting fibroblasts, the T-cell differentiation

seems to be chiefly affected by environmental changes
mediated by soluble factors, such as cytokines and eicosa-
noids, and not via the ‘cell-to-cell’ contact of T cells with
HLA-II-stimulated fibroblasts. Further studies are needed to
confirm this hypothesis, including co-culture experiments
among T cells, DCs, and fibroblasts by gathering the donors
of these cells in a various matched and/or unmatched
combination of HLA-II haplotypes. These additional exp-
eriments might also explain the significance of the HLA-II
stimulus induced by several different molecules expressed on
fibroblasts and involved in the cross-talk between T cells and
fibroblasts.

DCs have a central role in inducing Th2-type responses in
T cells. Several factors are likely to be involved in this process
to enhance the Th2 response in an antigen nonspecific
manner, the so-called Th2 adjuvant. For instance, PGE2 and
PGE1 are reportedly powerful Th2 adjuvants.37 A possible
mechanism by which PGE2 acts in this way lies in its ability
to induce IL-12p40 subunit production in DCs, resulting in
the production of monomeric and/or homodimeric p40
components to function as an antagonist against IL-12p70
activity.23 It has also been reported that PGE2 acts on CD4þ

T cells directly to induce Th2 cytokines, such as IL-4 and
IL-5, by inhibiting the production of Th1 cytokines, such as
IFN-g and IL-2.38–40 In this study, Th2 skewing of naı̈ve
T cells was observed in the co-cultures with allogeneic DCs in
the presence of culture supernatants of HGFs stimulated via
HLA-DQ molecules (DQ-sup). Similar results were also ob-
tained when naı̈ve T cells were co-cultured with allogeneic
DCs cultured with DQ-sup during their TNF-a-dependent
maturation process. From these results, we proposed that
PGE2 included in the DQ-sup affected DCs rather than aff-
ecting T cells directly, thus inducing Th2 polarization of
naı̈ve T cells after co-culturing with allogeneic DCs. Recent
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Figure 3 PGE2 and chemokine production by HLA-II-stimulated HGF. Fibroblasts were cultured in the presence (closed columns) or absence (shaded

columns) of indomethacin and stimulated with anti-DR mAb (Indo-DR-sup and DR-sup), anti-DQ mAb (Indo-DQ-sup and DQ-sup), or isozyme-matched

control Ab (Indo-Cont-sup and Cont-sup). The supernatants were collected following 16 h of culture after the stimulation to assay PGE2, RANTES, and

MCP-1 by ELISA. Values are expressed as mean±s.d. from six HGF cultures established from three independent donors (*Po0.05).
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studies have revealed that PGE2 also act on DCs to produce
IL-23 and on T cells directly to induce Th17 differentiation of
T cells.41–45 It is therefore likely that DQ-sup would also be
implicated in the Th17 differentiation of T cells. Further
studies would be needed to clarify these issues.

Soluble factors produced from HGF stimulated via HLA-
DQ skewed naı̈ve T cells toward Th2 immune responses. As
the products from indomethacin-treated HGF stimulated via
DQ showed no potential for Th2 skewing, we proposed PGE2

as the most likely factor involved in the Th2 polarization of
Th cells. Other cytokines and chemokines produced by
mesenchymal and/or epithelial cells have also been im-
plicated in the immune response involving DCs and Th cells,
one of which is thymic stromal lymphoprotein (TSLP).36

TSLP is a novel epithelial cell-derived cytokine with the re-
ported potential to activate myeloid DCs, resulting in the
polarization of naı̈ve T cells toward Th2 cells.46,47 As TSLP is
also produced by activated synovial fibroblasts derived from

IL-13 / IFN-γγ

* *

* *

IL-5 / IFN-γ

Cont-sup

Indo-Cont-sup

DR-sup

DQ-sup

Indo-DR-sup

Indo-DQ-sup

Indo-DQ-sup
+PGE2

IL-5 / IFN-γIL-13 / IFN-γ

Cont-sup

Indo-Cont-sup

DR-sup

DQ-sup

Indo-DR-sup

Indo-DQ-sup

Indo-DQ-sup
+PGE2

0 0.2 0.60.4

0 0.2 0.60.4 0 0.2 0.60.4

0 0.2 0.60.4

Figure 4 Cytokine production of activated Th cells following MLR culture in the presence of soluble factors secreted from indomethacin-treated HGF. Naı̈ve

Th cells were cultured with allogeneic DCs (T cells/DC ratio 10:1) for 7 days. After the cellular expansion by MLR culture, Th cells were collected and re-

stimulated with anti-CD3/CD28 mAbs for 2 days, and culture supernatants were harvested to determine IFN-g, IL-5, and IL-13 concentrations by ELISA. The

ratios of IL-13/IFN-g and IL-5/IFN-g were calculated and were indicated by the mean value±s.d. of triplicate cultures of one set of T-cell-DC-HGF. Soluble

factors from indomethacin-treated (closed column) or -untreated (shaded column) HGFs, which were stimulated with anti-DR mAbs (Indo-DR-sup and DR-

sup), anti-DQ mAb (Indo-DQ-sup and DQ-sup), or isozyme-matched control antibodies (Indo-Cont-sup and Cont-sup), were added into the MLR culture

between DCs and Th cells (a) or the culture of DCs for the maturation process (b). Indo-DQ-sup supplemented with PGE2 (open column) was also added into

both MLR culture systems (a, b). Final concentration of the supernatants in the culture medium was 1/2 in both experiments. Representative data of six

independent experiments were shown (*Po0.05).
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patients with rheumatoid arthritis and osteoarthritis,48 it is
likely that TSLP is partially involved in Th2 polarization of
T cells mediated by products from HLA-DQ-stimulated HGF.
In this study however, TSPL gene expression was not
enhanced by supernatants from HLA-II-stimulated HGF
(data not shown). As IFN-g-treated HGFs were used in this
study to increase HLA-II expression and because IFN-g was
reported to inhibit the TNF-a upregulation of TSLP expres-
sion in rheumatoid arthritis- and osteoarthritis-derived
synovial fibroblasts,48 further studies will be needed to reveal
the implications of TSLP in this issue, including experiments
using IFN-g-untreated HGF.

In this study, we showed that naı̈ve T cells showed skewing
toward Th2 following MLR culture with allogeneic DCs in
the presence of DQ-sup, but not with DR-sup. A previous
study revealed that T-cell lines showing proliferative res-
ponses in the context of HLA-DQ and -DP molecules
exhibited Th2-shifted phenotypes compared with DR-re-
stricted T-cell lines according to the distinct monokine pro-
files of monocytes activated via HLA-DR, -DQ, and -DP
molecules.10 Intrinsically, HLA-DQ molecules are gene pro-
ducts of immune-suppression (Is) genes based on their
role in immune suppression via antigen-specific immune
responses at the cellular level.49 From this viewpoint, our

results agreed with these previous findings and indicated that
fibroblasts activated via HLA-DQ stimulus cooperate with
monocytes to regulate antigen-specific Th-cell responses.

HGF cultured with the supernatants of activated Th cells
following MLR culture with DR- or DQ-sup, especially DQ-
sup, showed higher gene expression of COL1A1 and COL3A1.
It is widely accepted that TGF-b1, IL-4, and IL-13 may act in
the profibrotic mechanism. This idea was proposed by several
experimental results in many disease models, such as hepatic
fibrosis and pulmonary fibrosis.50–54 IL-4 and IL-13 exploit
the same IL-4Ra/Stat6 signaling pathways55 to induce the
incremental transcriptional activity of COL1A2 gene expres-
sion and type I collagen protein synthesis.56 In this study, as
IL-4 was not detected in the supernatants of activated Th cells
following MLR culture with DQ-sup (data not shown), IL-13
is found to be the most probable facilitator of collagen
synthesis in fibroblasts. TGF-b1 is also a key cytokine in
the mechanisms of fibrosis, whereby TGF-b1 production is
induced by IL-13 stimulation via IL-13Ra2 in fibroblasts.57

In this study, HGF showed the incremental elevation of
IL13RA2 gene expression in cells cultured with the super-
natants of activated Th cells following MLR culture with
DQ-sup; however, gene expression of TGFB1 was not ele-
vated (Figure 5d). A previous study revealed the upregulation

Relative gene expression

Type I

Type III

Collagens

COL1A1 COL3A1

DR-sup

Cont-sup

DQ-sup

Relative gene expression(10-4) Relative gene expression

IL13RA2 TGFB1

Cont-sup

DR-sup

DQ-sup

Cont-sup

DR-sup

DQ-sup

0 1.0 0 0.60.40.23.02.0

* *

0 2.01.0 3.0 0 0.150.10.05

Figure 5 Gene expression of HGF in the culture supernatants of activated Th cells following MLR culture in the presence of HLA-II-stimulated HGF.

Cells were cultured with the supernatants of Th cells activated after MLR culture with allogeneic DCs in the presence of DR-sup, DQ-sup, or Cont-sup. After

6 h of culture, the gene expression levels of COL1A1 and COL3A1 (a), IL13RA2 (c), and TGFB1 (d) were evaluated by real-time RT-PCR. The results were

expressed as relative gene expression values (*Po0.05). The protein synthesis of type I and type III collagens (b) was also evaluated by western blotting of

the culture supernatants from HGFs incubated with Th-cell culture supernatants after MLR in the presence of DR-, DQ-, and Cont-sups for 18 h.
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of TGFB1 transcriptional activity by IL-13 signaling via
IL-13Ra2 only in the presence of TNF-a stimulation,57 sug-
gesting that collagen synthesis might further progress in the
presence of TNF-a, such as in the environment surrounding
inflammatory lesions.

In conclusion, we have provided in vitro evidence of a
reciprocal response between Th cells and fibroblasts via
HLA-II signaling. This study showed that ligation of HLA-II
molecules on HGF induced them to secrete chemoattractant
factors against immune cells as well as Th2 polarization-
promoting factors. Of all products produced from HGF,
PGE2 could be a key player in the HLA-DQ-induced Th2
polarization. In addition, Th cells activated in the presence of
products from HGF stimulated via HLA-DQ produce soluble
factors to facilitate collagen synthesis. These observations
might provide a basis for future therapeutic approaches in
the management of diseases involving both Th cells and
fibroblasts, such as rheumatoid arthritis, periodontitis,
pulmonary inflammation, tuberculosis, and hepatic fibrosis.

Supplementary Information accompanies the paper on the Laboratory

Investigation website (http://www.laboratoryinvestigation.org)
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