
FIGURE 3. CD69 negatively regulates the production of proinflammatory cytokines. For CD69 ligation, CD4 T cells from spleen of B6 or CD692/2

animals were activated with anti-CD3/anti-CD28 dynabeads followed by anti-CD69 and Fc fragments for cross-linking. RNA from the cell lysates was

reverse transcribed to cDNA, and relative expression of TGF-b1 (A), IFN-g (B), and IL-21 (C) to b-actin was analyzed by real-time PCR. TGF-b1 (D) and

IFN-g (E) concentrations in the supernatants were measured by ELISA. Data are representative of two individual experiments. The p values were calculated

with a nonparametric Student t test; p , 0.05 was considered statistically significant. Spleen (S), siLP, and cLP cells of B6 and CD692/2 mice were

cultured with anti-CD3/anti-CD28 dynabeads. After 18 h, supernatants were collected and analyzed for IFN-g (F), TNF-a (G), and TGF-b1 (H) by ELISA.

The mean 6 SEMs of five mice per group are shown. The p values were calculated with a nonparametric Student t test; p , 0.05 was considered sta-

tistically significant. Total RNA isolated from frozen small intestine and colon tissue of B6 and CD692/2 was reverse transcribed to cDNA, and expression

of IL-21 (I) was analyzed by RT-PCR. Data are representative of two individual experiments, and mean 6 SEM of five mice per group is presented. In the

nonparametric Student t test, p , 0.05 was considered statistically significant (*p , 0.05).

2006 CD69 AND TYPE I IFN IN COLITIS

 by guest on July 22, 2017
http://w

w
w

.jim
m

unol.org/
D

ow
nloaded from

 



regulated genes. IL-21, TNF-a, and IFN-g were downregulated,
and the TGF-b3 was upregulated in CD69-activated CD4 T cells
(Table I). The microarray data sets have been uploaded in the
Gene Expression Omnibus (accession number GSE27706).
To map the CD69-dependent pathways, we checked for en-

richment of our microarray data sets in the gene ontology category
and Kyoto Encyclopedia of Genes and Genomes pathways. These
pathways included cytokine–cytokine receptor interaction, che-
mokine signaling pathway, TLR signaling pathway, nucleotide-
binding oligomerization domain-like receptor signaling pathway,
and the TGF-b signaling pathway (p value from hypergeometric
test [rawP] was 7.24e-05, and p value adjusted by the multiple test
adjustment [adjP] was 0.0004, respectively) (data not shown).
Spleen CD4 T cells from B6 or CD692/2 mice were then isolated
and stimulated with anti-CD3/anti-CD28 Ab-coated beads in the
presence or absence of a cross-linked anti-CD69 Ab. CD69 liga-
tion enhanced TGF-b1 transcript levels expressed by B6 CD4
T cells (measured by quantitative RT-PCR [qRT-PCR]) but de-
creased IFN-g and IL-21 transcript levels (Fig. 3A–C). Activation

of CD69 also increased the amount of TGF-b1 released into
supernatants by stimulated B6 CD4 T cells but decreased IFN-g
secretion (Fig. 3D, 3E). No differences in IL-2 and IL-17A tran-
script levels or secreted protein by CD4 T cells with ligated or
unligated CD69 were detectable (data not shown).
Furthermore, (CD3/CD28 ligation) stimulated cells from the

spleen, siLP, and cLP of CD692/2 B6 mice produced significantly
increased IFN-g and TNF-a but decreased TGF-b1 levels when
compared with cells from (age- and sex-matched) B6 mice (Fig.
3F–H). IL-21 transcript level was increased in the small intestine
and colon tissue of nontreated CD692/2 mice compared with B6
mice (Fig. 3I). CD69 deficiency hence results in the reduction of
induced TGF-b1 expression by CD4 T cells that is associated with
enhanced IFN-g, TNF-a, and IL-21 production.

Reduced numbers of Foxp3+ CD4 Treg cells in CD692/2

animals

Because CD69 influences the secretion of cytokines, we then
analyzed the numbers of Foxp3+ CD4 Treg cells in CD692/2

FIGURE 4. Reduced Foxp3+ Treg cell number in the absence of CD69. A, Cells were isolated from spleen (S), MLN, siLP, and cLP of nontreated B6 and

CD692/2 mice and analyzed for intracellular expression of Foxp3 in CD4 T cell population by multicolor FCM. Numbers indicate the percentage of CD4+

Foxp3+ cells. Four individual mice were analyzed, and data from a representative mouse are shown. B, TCR-transgenic OT-II and OT-II 3 CD692/2 mice

were fed 2 d with 1 mg OVA protein dissolved in PBS. The intracellular expression of Foxp3 by CD4 T cells from spleen (S), MLN, siLP, and cLP was

analyzed by multicolor FCM. Numbers indicate the percentage of CD4+Foxp3+ cells. Four individual mice were analyzed, and data from a representative

mouse are shown. C, Mean (6 SEM) total number of Foxp3+ CD4 T cells in spleen, MLN, siLP, and cLP of two times OVA-fed OT-II and OT-II3 CD692/2

mice are shown. Four mice of each strain were analyzed. In the nonparametric Student t test, p , 0.05 was considered statistically significant. D, Naive

CD4+CD252 T cells were enriched from the spleen of B6 or CD692/2 animals and mixed with B6 CD11c+ DCs in the proportion 2:1. Cells were cultured

for 5 d with activating anti-CD3/anti-CD28 microbeads in the presence of exogenous IL-2 and TGF-b1. Cells were pelleted, washed, and intracellular

Foxp3 expression was measured with multicolor FCM. As the control, Foxp3 expression was analyzed in the population of naive cells before the culture.

Numbers indicate the percentage of Foxp3+CD4+ cells. Experiment was repeated twice with 10 individual samples from one mouse per strain per ex-

periment, and representative dot plots are shown. E, Mean (6 SEM) of in vitro-induced Foxp3+CD4+ cell percentage between B6 and CD692/2 cells for 10

samples per group is presented. Experiment is repeated twice, and the representative data are shown. In the nonparametric Student t test, p , 0.05 was

considered statistically significant.
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animals. The fraction of Foxp3+ CD4 Treg cells was reduced in
the MLN, siLP, and cLP CD4 T cell population from nontreated

CD692/2 when compared with B6 mice (Fig. 4A). In the absence

of TCR signaling in nontreated OT-II animals, reduced LAP/TGF-

b1 expression was observed in isolates from the siLP of OT-II 3

CD692/2 mice as compared with OT-II mice (Supplemental Fig.

1). Feeding with OVA protein induced significantly higher fraction

and cell number of Foxp3+ Treg cells among spleen, MLN, siLP,

and cLP CD4 T cells of OT-II mice compared with OT-II 3

CD692/2 mice (Fig. 4B, 4C). This effect could be due to reduced

TGF-b1 level in the absence of CD69, and we tested if exogenous

addition of TGF-b1 can restore the ability of CD692/2 CD4

T cells to become Foxp3+ Treg. Naive CD4+CD252 B6 or

CD692/2 cells were cultured in Treg-polarizing conditions, with

B6 CD11c+ DC and exogenous IL-2 and TGF-b1 for 5 d. Al-

though a significant fraction of CD692/2 CD4 T cells induced

Foxp3 expression (∼45%), this was still significantly reduced as

compared with the fraction of B6 CD4 T cells expressing Foxp3

(∼55%) (Fig. 4D, 4E). These data are showing that other factors

that reduced TGF-b1 production are influencing reduced Foxp3+

Treg cell induction in the absence of CD69.

CD69-deficient CD4 T cells induce a severe colitis correlating
with increased IFN-g, IL-17A, and TNF-a serum levels

Because CD69 deficiency in transgenic animals is associated with
reduced numbers of Foxp3+ Treg cells and an increased secretion
of IFN-g and TNF-a by CD692/2 CD4 T cells, CD692/2 animals
were monitored for .6 mo for the occurrence of clinical and
histopathological signs of a spontaneous colitis. However, clinical
and histopathological signs for the development of a spontaneous
colitis could not be observed in our animal facility (data not
shown). We then transferred B6 or CD692/2 CD45RBhigh CD4
T cells into RAG2/2 hosts to test if CD69 has an influence on the
severity of CD4 T cell-induced transfer colitis. We monitored the
clinical course, percent loss of body weight, and histological se-
verity of the progressive and lethal colitis. Transfer of CD45RBhigh

CD4 T cells from CD692/2 donors induced a colitis that was more
severe than the colitis induced by transfer of an equal number of
CD45RBhigh CD4 T cells from B6 donors. This was evident by
accelerated body weight loss (Fig. 5A), more severe histopathol-
ogy (Fig. 5B–E), and early lethality. The transfer of CD692/2

CD45RBhigh CD4 T cells into RAG2/2 hosts induced a higher rise
in IL-17A, IFN-g, and TNF-a serum levels when compared with
transfers of B6 CD45RBhigh CD4 T cells (Fig. 5F–H). These data

FIGURE 5. CD69-deficient CD4 T cells in-

duce a severe colitis correlating with increased

IFN-g, IL-17A, and TNF-a serum levels. A,

RAG2/2 mice were i.p. transplanted with B6

or CD692/2 CD45RBhigh CD4 T cells. Mean 6
SEM loss of body weight (%) of nine mice per

group is shown for control, nontreated, and cell-

transplanted RAG2/2 animals. The p values

were calculated with a nonparametric Student t

test; p , 0.05 was considered statistically sig-

nificant. B, Histopathological scores of colon

sections taken from control or RAG2/2 mice

transplanted with the indicated CD45RBhigh

CD4 T cells. Each experimental group consisted

of nine mice. In the nonparametric Student t test,

p, 0.05 was considered statistically significant.

Large intestinal tissue samples were taken from

nontransplanted RAG2/2 (C), RAG2/2 hosts

transplanted with B6 CD45RBhigh CD4 T cells

(D), and hosts transplanted with CD692/2

CD45RBhigh CD4 T cells (E), embedded in

paraffin, sectioned on a microtome, mounted on

slides, and stained with H&E. Representative

images from one individual mouse per group

(from nine mice per group analyzed) are shown

(original magnification320). IFN-g (F), IL-17A

(G), and TNF-a (H) concentrations were de-

tected in sera of nontransplanted RAG2/2 and

mice transplanted with B6 or CD692/2

CD45RBhigh CD4 T cells by ELISA. Each ex-

perimental group consisted of nine mice. The p

values were calculated with the nonparametric

Student t test; p , 0.05 was considered statisti-

cally significant.
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point to a critical role of CD69 in regulating mucosal immune
responses in inflammatory conditions.

Poly (I:C) induces CD69 surface expression in an
IFN-I–dependent manner

IFN-Is induce and upregulate CD69 surface expression inmany cell
types (16), which is confirmed by our data. Injection of 20 mg of
the IFN-I inducer poly (I:C) induced CD69 surface expression by
CD4 T cells in B6 and OT-II 3 RAG2/2 animals. After injection
of 200 mg poly (I:C), most CD4 T cells (from the spleen, MLN,
and intestinal LP) expressed CD69 in B6 or OT-II 3 RAG2/2

mice but not in (IFN-I–unresponsive) IFNAR2/2 mice within 24 h
(Fig. 6). These data indicated that poly (I:C) is a strong inducer of
CD69 on CD4 T cells in an IFN-I–dependent manner.

Impaired oral tolerance in CD69 and IFNAR-deficient animals

To examine the role of CD69 and IFN-I signals in mucosal CD4
T cell responses, the protocol for the induction of oral tolerance
was conducted in B6, OT-II3 RAG2/2, CD692/2, and IFNAR2/2

mice. Animals were fed with OVA, rested, and immunized with
OVA emulsified in IFA containing CpG+ ODN. Splenocytes har-
vested 7 d postimmunization were restimulated in vitro for 72 h
with titrated concentrations of the antigenic Ab-binding OVA323–339

peptide, and the concentration of specifically induced IFN-g was

measured in supernatants by ELISA. OVA feeding prior to im-
munization significantly reduced IFN-g production by spleen cells
from B6 and OT-II 3 RAG2/2 mice, indicating establishment
of oral tolerance (Fig. 7A). Checking of delayed-type hyper-
sensitivity (DTH) response in B6 and OT-II 3 RAG2/2 mice
confirmed establishment of tolerance in OVA-fed mice, as these
animals showed significantly reduced response to ear challenge
with OVA (conducted 7 d after immunization and measured as ear
swelling) compared with those fed with PBS (Fig. 7B). These data
confirmed a previous report that oral tolerance can be induced in
TCR-transgenic animals (46).
We used the same protocol to test if oral tolerance to OVA can be

induced in CD692/2 and IFNAR2/2 B6 mice. The specific IFN-g
response of spleen cells from CD692/2 and IFNAR2/2 B6 mice
fed with OVA, rested, and immunized was not impaired compared
to the animals that were PBS fed, rested, and immunized (Fig.
7A). Ear challenge with OVA 7 d after immunization revealed that
DTH response in OVA-fed mice of these two mice strains was not
altered compared to PBS-fed animals (Fig. 7B). Oral tolerance can
hence not be induced either in CD692/2 or IFNAR2/2 B6 mice,
pointing to a critical role of CD69- and IFN-I–mediated signaling
in the induction and/or maintenance of oral tolerance.

Poly (I:C) treatment attenuates colitis after transfer of B6 but
not CD692/2 or IFNAR2/2CD45RBhigh CD4 T cells

It is reported that poly (I:C) injection can diminish dextran sulfate
sodium colitis (47). We tested if poly (I:C) injections attenuate
transfer colitis. The transfer of CD45RBhigh CD4 T cells in RAG2/2

hosts results in progressive body weight loss and histopathological
signs of colitis (Fig. 8A, 8D). Poly (I:C) injections diminish the
severity of transfer colitis in RAG2/2 hosts transplanted with B6
CD45RBhigh CD4 T cells as indicated by significant reduced body
weight loss, histopathological signs of colitis, and IFN-g transcript
levels in colon (Fig. 8A, 8D, 8E). Compared to nontreated RAG2/2

hosts transplanted with CD692/2CD45RBhigh CD4 T cells, body
weight loss, the severity of histopathological signs of colitis, as well
as IFN-g transcript levels in colon were not reduced in RAG2/2

hosts transplanted with CD692/2 CD4 CD45RBhigh T cells and
treated with poly (I:C) (Fig. 8B, 8D, 8E). Body weight loss, his-
topathological signs of colitis, and IFN-g transcript levels in colon
between poly (I:C)-treated and nontreated RAG2/2 hosts trans-
planted with IFNAR2/2 CD4 CD45RBhigh T cells were not signif-
icantly different (Fig. 8C–E). Hence, poly (I:C)-derived protective
signals to CD4 T cells are depending on CD69 and IFN-I.

CD69 is involved in IFN-I induction after poly (I:C)
stimulation

In RAG2/2 animals reconstituted with B6, CD692/2, or IFNAR2/2

CD4 T cells, the observed protective effects on colitis develop-
ment could be a direct effect of poly (I:C) on CD4 T cells. Al-
ternatively, poly (I:C) acts on non-CD4 T cells (i.e., myeloid cells)
in reconstituted RAG2/2 animals that elicits protective effects on
CD4 T cells in animals with transfer colitis. We first investigated
TLR3 expression in B6, CD692/2, and IFNAR2/2 cells by qRT-
PCR. A significant difference in TLR3 expression among B6,
CD692/2, and IFNAR2/2 animals was not observed (Fig. 9A, 9B).
Myeloid cells (plasmacytoid DC, conventional DC, and macro-
phages) are the main producers of IFN-I after poly (I:C) challenge
(48). We analyzed IFN-b1 expression in lymphocytes from B6,
CD692/2, and IFNAR2/2 mice stimulated in vitro with poly (I:C).
IFN-b1 expression after poly (I:C) stimulation was significantly
increased in B6 and IFNAR2/2 cells, but not in CD69-deficient
cells (Fig. 9B). We then carried out cocultures with B6 CD4
T cells and CD692/2 myeloid cells or with CD692/2 CD4 T cells

FIGURE 6. Poly (I:C) induces CD69 surface expression in an IFN-I–

dependent manner. Poly (I:C) (20 or 200 mg/mouse) was injected i.p. into

B6, OT-II 3 RAG2/2, and IFNAR2/2 mice. Cells were isolated from

spleen (S), MLN, siLP, and cLP and surface expression of CD69 by CD4

T cells analyzed by multicolor FCM. Four mice per group were analyzed,

and data from one representative individual mouse are shown. Filled

curves represent the corresponding negative control. Numbers indicate the

percentage of CD69+ CD4 T cells.
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and B6 myeloid cells. When CD692/2 CD4 T cells were cultured
with myeloid cells from B6 animals, reduced IFN- b1 responses
were observed (Fig. 9C). Interactions of CD69 with a yet-unknown
ligand (potentially) expressed by myeloid cells may be involved in
the observed effects.

Discussion
The data presented in our study indicated that the activation Ag
CD69 plays a role in regulating mucosal immune responses in the
intestine. CD69 expression is upregulated on intestinal CD4 T cells
by the commensal microflora, recognition of specific Ag, or innate
stimuli [i.e., poly (I:C) injections]. The upregulation of CD69
surface expression by the commensal microflora may hence re-
quire innate and/or TCR-specific stimuli. CD69+ CD4 T cells
are characterized by LAP/TGF-b1 expression. We confirmed that
CD69 activation is associated with an increased TGF-b1 expres-
sion and that the lack of this molecule in CD692/2 animals is
associated with CD4 T cells producing proinflammatory cytokines
and reduced TGF-b1 (18). The CD4 T cells from spleen, siLP, and
cLP showed differential expression of IFN-g, TNF-a, and TGF-b1
(Fig. 3F–H), but the highest CD69 surface expression was deter-
mined on CD4 T cells isolated from intestinal tissues (Fig. 1A),

indicating the most important role of this molecule in the mucosal
immune system of the gut. Furthermore, CD69 affected the pe-
ripheral Foxp3+ Treg cell pool, as demonstrated in vivo both in
steady-state conditions and after oral Ag challenge of OT-II 3
CD692/2 animals. TGF-b1 is known to promote Foxp3+ Treg cell
generation (49), and we speculated that reduction in Foxp3+ Treg
cell fraction in CD692/2 mice was in part due to lack of CD69-
induced TGF-b1 production in these animals. Still, exogenous
addition of TGF-b1 could not restore the normal potential of naive
CD692/2 CD4 T cells to become Foxp3+ Treg cells in vitro. We
speculate that CD69 intracellular signaling may interfere with
Foxp3 expression (50) or that other cytokines, such as IL-10, are
involved in our observed findings (51). Although CD692/2 ani-
mals did not develop a spontaneous colitis in our animal facility,
the reconstitution of RAG2/2 hosts with CD692/2CD45RBhigh

CD4 T cells was associated with the accelerated transfer colitis as
compared with RAG2/2 hosts transplanted with CD45RBhigh CD4
T cells from syngeneic B6 donor mice. In addition, CD692/2

animals are impaired in fully establishing oral tolerance. The in-
creased expression of IFN-g and TNF-a, reduced expression of
TGF-b1, and reduction in the Foxp3+ Treg cell fraction in CD692/2

mice could contribute to the accelerated transfer colitis develop-

FIGURE 7. CD69 and IFNAR-defi-

cient animals are impaired in establish-

ing oral tolerance. A, B6, OT-II 3
RAG2/2, CD692/2, and IFNAR2/2

mice were fed for 5 d with 1 mg OVA

protein dissolved in 100 ml PBS or PBS

only. After 7 d, mice were immunized

s.c. with 50 mg OVA protein and 50 mg

ODN emulsified in IFA with PBS.

Splenocytes were harvested and restimu-

lated with ISQAV OVA peptide in indi-

cated concentrations on day 19. After

72 h restimulation with ISQAV OVA

peptide, IFN-g was measured in the

supernatants by ELISA. B, After feed-

ing of the indicated mice with 1 mg

OVA for 5 d, mice were immunized s.c.

with 50 mg OVA protein and 50 mg

ODN emulsified in IFAwith PBS on day

12. Nineteen days after oral OVA feed-

ing, the indicated mice were challenged

by injection of 50 mg OVA protein in

12.5 ml PBS into the right ear pinna. As

a control, 12.5 ml of PBS was injected

into left ear of the same mice. Ear

swelling was measured before ear in-

jection and daily for 3 d after injection.

Peak reaction was observed after 48 h.

DTH response was calculated as: (right

ear thickness 2 left ear thickness)48h 2
(right ear thickness 2 left ear thick-

ness)0h. Data are representative of two

individual experiments. In the nonpara-

metric Student t test, p , 0.05 was

considered statistically significant.
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ment after reconstitution of RAG2/2 hosts with CD692/2 CD4
T cells. Besides colonization of the host with the commensal flora,
CD69 surface expression can be induced by the injection of the
IFN-I inducer poly (I:C) (16). Our data confirmed that this effect
of poly (I:C) is IFN-I dependent, because IFNAR2/2 animals did
not show CD69 upregulation after poly (I:C) injection. However,
IFNAR2/2 mice had a high fraction of CD69-expressing CD4
T cells even before treatment (CD69 expression in intestine of
IFNAR2/2 mice was comparable with B6 mice), suggesting that

stimuli other than IFN-I are inducing CD69 expression in the
steady-state conditions. In contrast, CD692/2 CD4 T cells showed
an aberrant IFN-I response after poly (I:C) stimuli. Both CD69-
and IFNAR-derived signals are necessary for the establishment of
oral tolerance. IFN-I has been reported to have protective effects
in colitis models and patients with ulcerative colitis (29–33). The
ability of IFN-I to stimulate the production of IL-10 by human
T cells and monocytes (52), modulate Th1 and Th2 responses (53,
54), and inhibit the production of IL-13, a key cytokine in the

FIGURE 8. Poly (I:C) attenuates transfer

colitis in RAG2/2 hosts transplanted with

B6 but not with CD692/2 and IFNAR2/2

CD45RBhigh CD4 T cells. RAG2/2 mice were

i.p. transplanted with B6 (A), CD692/2 (B), or

IFNAR2/2CD45RBhigh (C) CD4 T cells.

Poly (I:C) (20 mg/mouse) was i.p. injected

twice a week. Mean 6 SEM loss of body weight

(%) of seven mice per group is shown. p values

were calculated with a nonparametric Student

t test; p , 0.05 was considered statistically

significant. D, Histopathological scores of colon

sections taken from RAG2/2 mice transplanted

with the indicated CD4 T cells and treated or

not with poly (I:C) (20 mg/mouse) twice a

week. Each experimental group consisted of

seven mice. In the nonparametric Student t test,

p , 0.05 was considered statistically signifi-

cant. E, RNA was isolated from frozen colon

tissue samples of RAG2/2 hosts transplanted

with B6, CD692/2, or IFNAR2/2CD45RBhigh

CD4 T cells treated or not with poly (I:C) and

reverse transcribed to cDNA. Relative expres-

sion of IFN-g gene was measured by qRT-PCR

and presented as mean 6 SEM of seven mice

per group. p values were calculated with a

nonparametric Student t test; p , 0.05 was

considered statistically significant.

FIGURE 9. CD69 is involved in IFN-I production

after poly (I:C) stimulation. A, RNA was isolated from

total spleen cells of B6, CD692/2, or IFNAR2/2 and re-

verse transcribed to cDNA. Relative expression of TLR-

3 was measured by qRT-PCR, and the mean6 SEMs of

five samples per group are shown. B, Eight microliters of

qRT-PCR product was loaded on 2% agarose gel, elec-

trophoresis was performed, and picture obtained using

GeneSnap acquisition software. C, Total spleen cells

from B6, CD692/2, or IFNAR2/2 were cultured with or

without addition of 200 mg/sample of poly (I:C) for 48 h.

Total RNA was isolated from cell lysates and reverse

transcribed to cDNA. IFN-b1 expression was measured

by qRT-PCR, and mean6 SEM of five samples from one

mouse per group is presented.D, CD4+ and CD42 spleen

cells of the B6 or CD692/2 were separated via MACS

columns. B6 CD4+ cells were mixed with CD692/2

CD42 cells and CD692/2CD4+ T cells with B6 CD42

and treated or not in vitro with 200 mg of poly (I:C).

Forty-eight hours later, total RNAwas obtained from the

cell lysates and reverse transcribed to cDNA for qRT-

PCR measuring of IFN-b1 expression. Mean6 SEMs of

five samples from one mouse per group are shown. All

of these experiments were performed twice, and the data

from the representative one are presented. p values were

calculated with a nonparametric Student t test; p , 0.05

was considered statistically significant.
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development of ulcerative colitis (30), has been suggested to
contribute to the protective effects of IFN-I in colitis models (33).
The treatment of dextran sulfate sodium colitis with s.c. injections
of poly (I:C) (20 mg/mouse) attenuates the colitis in an IFN-I–
dependent manner (47). The protective effects of poly (I:C) on
colitis models are dose dependent because injections of high
amounts of poly (I:C) can induce mucosal damage (55). IFN-I
responses after poly (I:C) injection are modulated by CD69.
Poly (I:C) injections did not affect the course of transfer colitis
after transfer of CD692/2 or IFNAR2/2CD45RBhigh CD4 T cells.
IFNAR2/2 CD4 T cells are unable to respond to IFN-I, showing
that poly (I:C) protects from transfer colitis in an IFN-I–dependent
manner.
Because CD69 suppresses spingosine 1-phosphate receptor 1

expression and is hence involved in the regulation of lymphocyte
egress (16), the expression of CD69 by T cells may be involved
in the arrest of T cells at mucosal sites. In parallel, our data in-
dicated that CD69 is involved in the regulation of IL-21, IFN-g,
TNF-a, and TGF-b1 expression by CD4 T cells. CD69 may hence
regulate T cell migration and production of IL-21, IFN-g, TNF-a,
and TGF-b1 by CD4 T cells. The upregulation of the activation
Ag CD69 by the commensal flora is not only an indicator of
lymphocyte activation but also has significant functional rele-
vance. CD69 may help to control the potential harmful impact of
the intestinal microflora to the host by controlling lymphocyte
migration and regulating the expression of proinflammatory cy-
tokines and TGF-b1 in CD4 T cells, but further investigations are
needed to address the role of CD69 in detail. The activation of
CD69 by specific ligands could be a novel option for the treatment
of intestinal inflammation.
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J. Möhrle, and S. Schreiber. 2003. Interferon beta-1a in ulcerative colitis:
a placebo controlled, randomised, dose escalating study. Gut 52: 1286–1290.

30. Mannon, P. J., R. L. Hornung, Z. Yang, C. Yi, C. Groden, J. Friend, M. Yao,
W. Strober, and I. J. Fuss. 2011. Suppression of inflammation in ulcerative colitis
by interferon-{beta}-1a is accompanied by inhibition of IL-13 production. Gut
60: 449–455.

31. Hofmann, C., N. Dunger, N. Grunwald, G. J. Hämmerling, P. Hoffmann,
J. Schölmerich, W. Falk, and F. Obermeier. 2010. T cell-dependent protective
effects of CpG motifs of bacterial DNA in experimental colitis are mediated by
CD11c+ dendritic cells. Gut 59: 1347–1354.

32. Katakura, K., J. Lee, D. Rachmilewitz, G. Li, L. Eckmann, and E. Raz. 2005.
Toll-like receptor 9-induced type I IFN protects mice from experimental colitis.
J. Clin. Invest. 115: 695–702.

33. Wirtz, S., and M. F. Neurath. 2005. Illuminating the role of type I IFNs in colitis.
J. Clin. Invest. 115: 586–588.

34. Dikopoulos, N., A. Bertoletti, A. Kröger, H. Hauser, R. Schirmbeck, and
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