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Global analyses of gene expression in regulatory T (Treg) cells, whose development is critically dependent
upon the transcription factor Foxp3, have provided many clues as to the molecular mechanisms these cells
employ to control immune responses and establish immune tolerance. Through these studies, G protein-
coupled receptor 83 (GPR83) was found to be expressed at high levels in Treg-cell populations. However, its
function remained unclear. Recently, it has been suggested that GPR83 is involved in the induction of Foxp3
expression in the peripheral nonregulatory Foxp3™ CD4 T cells. To examine a role for GPR83 in Treg-cell
biology, we generated and characterized GPR83-deficient mice. We have shown that GPR83 abolition does not
result in measurable pathology or changes in the numbers or function of Foxp3™ Treg cells. Furthermore, while
in vitro analysis suggested a potential involvement of GPRS83 in transforming growth factor 3-dependent Foxp3
induction, there was no difference in the ability of nonregulatory GPR83-deficient and nondeficient Foxp3~™ T
cells to acquire Foxp3 expression in vivo. Collectively, our results demonstrate that GPR83 is dispensable for

Treg-cell development and function.

Over the past decade, regulatory T (Treg) cells have been
proven to play a pivotal role in maintaining immunological
tolerance (9, 22, 23). Recently, Foxp3, a member of the fork-
head transcription factor family, has been identified as a key
regulator of Treg-cell development and suppressor function
and as a specific marker of Treg cells (see reference 8 for a
review). The Foxp3™ Treg cells are able to actively suppress
immune activation by dampening the intensity of immune re-
sponses to both self and non-self antigen through a variety of
means (26). Despite the current progress in understanding the
biology of Treg cells, precise molecular mechanisms of their
differentiation and the suppression function that Treg cells
employ in various inflammatory and autoimmune settings are
still not well understood.

In the quest for further insights into, and better understand-
ing of, the molecular and cellular mechanisms of Treg-cell
development and function, several groups, including ours, have
employed DNA microarray analyses to study genes that are
differentially expressed in CD4* CD25" Foxp3™ Treg cells
and activated and naive non-Treg cells (7, 10, 11, 18, 24). In
these studies, the gene for G protein-coupled receptor 83
(GPR83), an orphan G protein-coupled receptor, was identi-
fied among the genes selectively up-regulated in Treg cells (7,
24). The gene for GPRS83, also known as glucocorticoid-in-
duced receptor, was first identified as a glucocorticoid- and
cyclic AMP-induced gene in a T-cell line, WEHI-7TG (13).
Subsequently, high expression levels and distinct distribution
patterns observed in the brain suggested that GPR83 may be
involved in the control of feeding and emotional behavior, the
regulation of stress, learning, and memory (20). Recently,
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Sugimoto and colleagues have shown GPR83 protein expres-
sion in Treg cells by flow cytometric analysis and immunohis-
tochemistry (24). Despite the specific expression pattern of
GPR83, however, the functional connection between GPR83
and Treg-cell development and function remains unresolved.
Lately, a study by Hansen and colleagues showed that naive
Foxp3™ T cells transduced with the GPR83 gene acquired
Foxp3 expression more efficiently than nontransduced cells
under inflammatory conditions in vivo. However, GPR8&3 over-
expression alone failed to confer suppressor activity or up-
regulate several Treg-cell-specific transcripts (12). This obser-
vation implied a direct functional link between GPRS83 and
Foxp3 expression. The anticipated interaction between GPR83
and its putative ligand, if confirmed, may provide a potential
means to alter Treg-cell numbers or function by receptor ago-
nists or antagonists. Nonetheless, the absence of a proper ge-
netically modified animal model has precluded a stringent
mechanistic analysis of the role of GPR83 in a physiological
setting.

To examine a potential role of GPR83 in Treg-cell biology,
we generated and characterized mice harboring a conditional
Gpr83 allele. The elimination of the Gpr83 gene in the germ
line had no detectable effect on the viability or fertility of
mutant mice. The lack of the Gpr83 gene did not have a
measurable effect on the development of Treg cells in the
thymus, their suppressor function, or the induction of Foxp3
expression in the periphery in vivo. Consistent with these data,
GPR&83-deficient mice failed to develop any signs of autoim-
munity. Hence, GPRS83 is dispensable for the development and
function of Treg cells.

MATERIALS AND METHODS

Generation of conditional GPR83-deficient mice. The Gpr83-targeting vector
was constructed using a 10-kb Xmal fragment of the Gpr83 gene containing
exons 2 through 4. This fragment was subcloned from a 129-kb bacterial artificial
chromosome clone containing the Gpr83 locus. A loxP element containing a 5’
Xbal restriction site was cloned into the Xhol site 347 bp upstream of exon 3,
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FIG. 1. Generation of GPR83-deficient mice. (A) Schematic representation of the targeting construct used to generate mice harboring a
GPR83 knockout allele. Two loxP sites were introduced, one prior to exon 3 and one after exon 4, as described in Materials and Methods. Chimeric
males were mated first to FLP deleter mice to excise the neomycin resistance gene (neo) and next to Cre deleter mice to generate the GPR83 null
allele. BGH, bovine growth hormone; RI, EcoRI; BI, Xbal. (B) Southern blot analysis was performed to screen positive ES clones for evidence
of homologous recombination. Genomic DNA was digested with EcoRI and Xbal and hybridized with the probe depicted (labeled with an asterisk)
in the panel. (C) PCR screening of Gpr83-targeted allele transmission. Breeding was set up by using a heterozygous male crossed with homozygous
mutant females. (D) The expression of GPR83 mRNA in purified CD4* CD25~ CD62L" T cells (naive effector T cells [Teff]) and CD4* CD25*
CD62L" T cells (Treg cells) from GPR83 ™/~ mice and control GPR83™/~ littermates was measured by real-time RT-PCR (n.d., none detectable).

while the cassette comprising loxP and the FLP recombination target site-flanked
neomycin resistance gene expressed from the phosphoglycerate kinase promoter
(the FRT-PGK-NEO-FRT-loxP cassette) was cloned into the EcoRI site 703 bp
downstream of exon 4. The targeting construct was electroporated into R1
embryonic stem (ES) cells, and neomycin-resistant clones were screened by PCR
for evidence of homologous recombination. Positive clones were further verified
for correct targeting by Southern blot analysis.

Two independently derived ES cell clones were injected into B6 blastocysts.
Chimeric male offspring were mated first to FLP deleter mice to remove the
neomycin resistance gene (6) and subsequently to Cre deleter mice to induce
germ line Gpr83 gene deletion. Since in initial experiments we observed no
phenotypic and functional differences between heterozygote Gpr83*/~ and
Gpr83™/* littermates (data not shown), heterozygote Gpr83™/~ mice were used
as controls in the bulk of the experiments described here. All mice were bred and
maintained under specific-pathogen-free conditions in the animal facility at the
University of Washington in accordance with the institutional guidelines.

Lymphocyte isolation and flow cytometric analysis. Single cell suspensions
from thymus and spleen tissue were prepared from 6- to 8-week-old mice. In
some experiments, mice of up to 12 to 14 months of age were used. Cells were
labeled with fluorescein isothiocyanate-conjugated CD4 (L3T4), peridinin-chlo-
rophyll-conjugated CD8 (53-6.7), allophycocyanin-conjugated Foxp3 (FJK-16S),
and phycoerythrin-conjugated CD25 (PC-61), CD44 (IM7), CD62L (MEL-14),
or CD69 (H1.2F3) antibodies. Flow cytometry analysis was performed using a
FACSCanto flow cytometer (Becton Dickinson, CA), and results were analyzed
using FlowJo software (Tree Star Inc., OR).

CD4™" T cells from GPR83-deficient and control mice were first purified by
magnetic bead sorting using an AutoMACS (Miltenyi, Germany) followed by
sorting on a FACSAria cell sorter after labeling with fluorescein isothiocyanate-
conjugated anti-CD4, phycoerythrin-conjugated anti-CD25, and allophycocya-
nin-conjugated anti-CD62L. The purity of sorted populations of CD4"
CD25~ naive effector T cells expressing high levels of CD62L (CD62L") and
CD4" CD25" Treg cells was higher than 98%.

Proliferation and in vitro suppression assay. To assess the proliferative ca-
pacities of non-Treg and Treg cells, purified CD4" CD25~ CDG62L" or CD4*
CD25" T cells (5 X 10*) were cultured in the presence of titrated amounts of
CD3-specific 2C11 antibody with T-cell-depleted splenocytes (15 X 10%), irradi-
ated at 2,000 rad, as antigen-presenting cells (APCs) in the wells of 96-well
round-bottom plates for 72 h at 37°C. In vitro suppression assays were performed
upon the culture of 5 X 10* CD4* CD25 T cells with the indicated ratio of
suppressor CD4* CD25* CD62L" T cells and T-cell-depleted splenocytes (15 X
10%well), irradiated at 2,000 rad, as APCs and 1 p.g of anti-CD3 (2C11)/ml in
96-well round-bottom plates for 72 h at 37°C. T-cell proliferation was assessed by
measuring [*H]thymidine ([*H]TdR) incorporation during the last 8 h of culture.
The data are presented as mean counts per minute corresponding to the levels
of [*’H]TdR incorporation * standard errors for triplicate cultures.

Cytokine secretion assays. To access the secretion of interleukin-10 (IL-10)
and transforming growth factor 8 (TGF-B), 10° purified T cells were stimulated
in 96-well flat-bottom plates with plate-bound anti-CD3 (1 wg/ml) and anti-CD28
(10 pg/ml). Supernatants were collected after 24 and 48 h of culture, and
cytokines were measured using IL-10 and TGF-B enzyme-linked immunosorbent
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FIG. 2. Phenotypic analysis of CD4 and CDS8 T-cell subsets and surface phenotype of Treg cells in GPR83-deficient mice. (A and B) Flow
cytometric analysis of CD4 and CDS cell subsets in the thymus (A) and spleen (B). Foxp3, CD25, cytotoxic-T-lymphocyte antigen 4 (CTLA4), and
glucocorticoid-induced tumor necrosis factor receptor (GITR) expression by thymic CD4 single-positive thymocytes (A) or splenic CD4 T cells
(B) was analyzed by flow cytometry. Representative data are shown. More than five animals in each group were analyzed in three independent
experiments. (C) Numbers of CD4 single-positive cells in thymus tissue (thy) and of CD4" T cells in spleen tissue (spl) as well as numbers of CD4*
Foxp3™ Treg cells in both thymus and spleen tissues are indicated. The data are presented as means * standard deviations (SD).

assay kits according to the instructions of the manufacturers (eBioscience [San
Diego, CA] and R&D Systems [Minneapolis, MN], respectively).

In vitro induction of Foxp3 expression and generation of Th17 cells. For
Foxp3 induction, 2 X 10° purified CD4* CD25~ CD62L" naive T cells were
cocultured with 2 X 10° irradiated T-cell-depleted splenocytes isolated from
Ly5.1 C56BL/6 mice in the presence of CD3 (1-pg/ml) antibodies and 1-ng/ml
human recombinant TGF-B (R&D Systems) in the wells of 24-well plates. For
Th17 induction, mouse IL-6 was added to TGF-B-containing cultures at a 20-
ng/ml final concentration. After 4 days of culture, cells were harvested and

stained with CD4 and Ly5.1 antibodies and antibodies specific for Foxp3 and
IL-17 by using established protocols. In some experiments, plate-bound CD3
(1-pg/ml) and CD28 (1-ug/ml) antibodies were used to stimulate T cells.

Cell transfer and tumor challenge. Purified naive CD4* CD25~ CD62L" T
cells were injected intravenously into T-cell receptor 38/~ (TCRBS /™) recip-
ient mice. One day after cell transfer, mice were injected intradermally in the
flank with 2 X 10° B16.F10 melanoma cells. Thirteen days after tumor challenge,
mice were sacrificed, and cells from draining lymph nodes (LNs; axillary and
inguinal LNs) and nondraining LNs (mesenteric LNs) were isolated and sub-
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FIG. 3. Functional analysis of GPR83-deficient Treg cells. (A) Proliferative responses of naive CD4 T cells and Treg cells isolated from
Gpr83~'~ or control Gpr83*/~ mice to the indicated concentrations of CD3 antibodies in the presence of irradiated T-cell-depleted splenocytes.
The data are presented as the mean [PH]TdR incorporation for triplicate 72-h cultures = SD. Tgg, effector T cells. (B) IL-10 production by
Gpr83~'~ or Gpr83*/~ Treg cells in response to plate-bound anti-CD3 and anti-CD28 antibody was measured by enzyme-linked immunosorbent
assay kits after 24 and 48 h of culture. The data are shown as the mean IL-10 concentration for triplicate cultures + SD. (C) In vitro analysis of
suppressor capacity of GPR83-deficient Treg cells. Responder CD4 T cells and different numbers of Treg cells isolated from Gpr83~/~ or control
Gpr83*'~ mice were cocultured for 72 h in the presence of anti-CD3 and irradiated T-cell-depleted splenocytes. The data shown as mean [*H]TdR
incorporation for the triplicate cultures represent one of three identical experiments.

jected to fluorescence-activated cell sorter analysis for the expression of CD4,
TCRp, and Foxp3.

RESULTS

Targeted deletion of GPR83. To understand an in vivo role for
GPRS83 in Treg-cell biology, we generated GPR83-deficient mice
by using the strategy outlined in Fig. 1A. Southern blot analysis
was used to screen for successful homologous recombination (Fig.
1B). Mice with the germ line abolition of the Gpr§83 gene were
generated upon the excision of the loxP “floxed” allele by crossing
female Gpr83*/%* mice to Cre deleter mice expressing the ubig-
uitously expressed Cre transgene under the cytomegalovirus pro-
moter (Gpr83™) (Fig. 1A). The transmission of the targeted allele
was determined by genomic PCR analysis (Fig. 1C). In mutant
mice, GPR83 message was undetectable by real-time PCR in both
Treg and non-Treg cells, in contrast to readily detectable GPR83

mRNA in the corresponding cell subsets isolated from littermate
control mice (Fig. 1D).

GPR83 is not required for the development and function of
Treg cells. GPR83-deficient mice were viable and exhibited
Mendelian inheritance of the targeted allele. Mice remained
healthy, with no sign of autoimmunity or other pathology de-
tectable at up to 12 to 14 months of age. The sizes of thymo-
cyte, peripheral CD4 and CD8 T-cell, B-cell, and dendritic cell
subsets and the phenotypes of the cell subsets in mutant mice
were indistinguishable from those in wild-type littermates (Fig.
2 and data not shown). In addition, naive T cells from GPR83-
deficient and nondeficient littermates mounted comparable
proliferative responses upon TCR engagement (Fig. 3A). A
recent study showed that the overexpression of GPR83 upon
retroviral transduction failed to induce Foxp3 expression or to
confer suppression capacity on naive T-cell populations (12).
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However, since GPRS83 is up-regulated in Treg cells, we sought
to assess a role for GPR83 in Treg-cell development. GPR83-
deficient mice harbored normal numbers of Foxp3™ T cells
with a surface phenotype indistinguishable from that of
Foxp3™ Treg cells in wild-type littermates, as illustrated by
comparable levels of CD25, cytotoxic-T-lymphocyte antigen 4,
and glucocorticoid-induced tumor necrosis factor receptor ex-
pression (Fig. 2). Other characteristic features of Treg cells,
such as elevated CD103 and reduced IL-7 receptor alpha pro-
tein expression, were unaffected by GPR83 deficiency (data
not shown). Consistent with these results, we also observed a
comparable increase in granzyme B and Helios and a similarly
decreased level of phosphodiesterase 3B in mutant and wild-
type Treg cells (data not shown).

Next, we tested whether Treg cells could exhibit normal
suppressor activity in the absence of GPR83 expression. As
shown in Fig. 3A, CD62LM CD25" Treg cells isolated from
GPR&83-deficient mice remained anergic in response to anti-
CD3 in vitro, like those isolated from wild-type littermate
control mice. Recently, Buer and colleagues suggested that
GPR83 overexpression is associated with increased IL-10 ex-
pression (12). However, we have found no significant differ-
ence in levels of IL-10 secretion by Treg cells upon activation
in vitro in the absence or presence of GPRS83 (Fig. 3B). Finally,
we examined the suppressor activity of GPR83-deficient Treg
cells. As shown in Fig. 3C, GPR83-deficient and nondeficient
Treg cells were similarly efficient at the suppression of wild-
type T-cell-proliferative responses. Furthermore, the prolifer-
ative responses of naive T cells from GPR83-deficient mice
were suppressed by GPR83 mutant and wild-type Treg cells in
similar fashions (Fig. 3C). Together, these data demonstrated
that GPR83 is dispensable for the development and function of
Foxp3™* Treg cells.

GPR83 deficiency results in a modest reduction in the effi-
ciency of Foxp3 up-regulation upon Foxp3~ CD4*-T-cell ac-
tivation in the presence of TGF-B. Although the analysis of
TCR repertoires of thymic and peripheral Treg cells suggested
that a majority of peripheral Treg cells likely acquire Foxp3
expression in the thymus, peripheral nonregulatory T cells are
also able to up-regulate Foxp3 expression upon TCR stimula-
tion in vitro in the presence of TGF-B (2, 14). In addition,
chronic antigenic exposure of T cells in vivo or T-cell prolifer-
ation under lymphopenic conditions can facilitate the induc-
tion of Foxp3 expression in antigen-specific T cells (4, 15). A
recent study utilizing retroviral transduction of naive CD4™ T
cells with GPRS83 suggested that GPR83 augments the induc-
tion of Foxp3 expression in non-Treg cells (12). However,
GPRS83 mRNA is expressed, albeit at a low level, in Foxp3™ T
cells. Thus, it is not clear whether GPRS83 is absolutely re-
quired for the Foxp3 induction in peripheral T cells. To ad-
dress this issue, we examined an effect of GPRS83 deficiency on
the induction of Foxp3 expression in T cells subjected to TCR
stimulation in vitro in the presence of TGF-. In vitro Treg-cell
conversion was performed as described previously (16). In
these experiments, CD4" CD25~ CD62L" naive T cells iso-
lated from GPR83-deficient or littermate control mice were
cocultured with T-cell-depleted splenocytes as APCs with or
without recombinant TGF-B. Similar to the results of previous
studies, ~60% of T cells isolated from wild-type mice up-
regulated Foxp3 while a modest decrease in the induction of
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FIG. 4. Moderate diminution in the efficiency of TGF-p-facilitated
Foxp3 induction in the absence of GPR83. (A) Flow cytometric anal-
ysis of Foxp3 expression induced in sorted naive CD25~ CD62LM
CD4™" T cells upon stimulation with anti-CD3 and irradiated splenic
APCs in the presence (shaded histogram) or absence (open histogram)
of recombinant TGF-B1. Percentages of Foxp3™ cells within the
Ly5.1~ CD4"-T-cell population are indicated. (B and C) Percentages
of Foxp3™ cells induced in the presence of TGF-B1 upon the stimu-
lation of naive T cells with soluble CD3 antibody in the presence of
APCs (B) or plate-bound anti-CD3 and anti-CD28 antibody in the
absence of APCs (C). Each symbol represents one independent exper-
iment with two to three mice per group.

Foxp3 expression was observed in the absence of GPR&3
(~45% of T cells expressed Foxp3) (Fig. 4A and B). This
trend, albeit statistically insignificant, was observed in multiple
experiments. Interestingly, this trend was not observed upon
activation by plate-bound anti-CD3 and anti-CD28 in the ab-
sence of APCs (Fig. 4C). Collectively, in agreement with the
findings of the previous study utilizing forced expression of
GPRS83, our results suggested a possible auxiliary role of
GPRS3 signaling in TGF-B-dependent Foxp3 induction and
provided an indirect argument in favor of GPR83 interaction
with a putative ligand supplied by APCs.

GPRS83 is not involved in the generation of the Th17 cell
population. While TGF-p has been shown to be essential for
Foxp3 induction in peripheral T cells, recent studies have also
demonstrated an indispensable role of TGF-B in the genera-
tion of Th17 cells with the combination of IL-6 signaling (1, 17,
25). In contrast to the Foxp3™ Treg-cell population, with its
dedicated suppressor function, Th17 cells have been shown to
be involved in immunity to extracellular bacterial and yeast
infection. In addition, Th17 cells have been implicated in many
autoimmune disorders in mice and humans, such as experi-
mental autoimmune encephalitis and collagen-induced arthri-
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FIG. 5. Th17 differentiation in vitro is unaffected by GPR83 deficiency. (A) Purified naive CD25~ CD62L" CD4™" T cells were stimulated with
soluble CD3 antibodies and Ly5.1-marked T-cell-depleted splenocytes in the presence or absence of recombinant TGF-B1 and IL-6 for 4 days.
During the last 6 h, cells were cultured with phorbol myristate acetate-ionomycin and IL-17 secretion by Ly5.1~ CD4™" T cells was measured using
intracellular flow cytometric analysis. (B) Percentages of IL-17-expressing T cells among G protein-coupled receptor-deficient and nondeficient
CD4 T cells activated under Th17 polarizing conditions. Each square represents an average number of IL-17" cells in an individual experiment

with two to three mice per group.

tis (28). Hence, we sought to examine the possibility that
GPR83 signaling may contribute to the development of Th17
cells. In agreement with the results in a number of published
studies (1, 17, 25), the activation of naive CD4 T cells in the
presence of both TGF-B and IL-6 induced the differentiation
of Th17 cells while Foxp3 up-regulation was abolished. How-
ever, unlike the mild reduction in Foxp3 induction in GPR83-
deficient T cells, no detectable difference in the frequency of
IL-17-producing T cells in the presence or absence GPRS83
could be found (Fig. 5).

GPR83 plays a dispensable role in Foxp3 induction in
Foxp3™ T cells in vivo. The results thus far suggested that
GPRS83 can modestly enhance the induction of Foxp3 expres-
sion in peripheral Foxp3~™ CD4" T cells in vitro. Next, we
sought to examine whether GPR83 is also required for Foxp3
up-regulation in Foxp3~™ CD4™ T cells in vivo. The adoptive
transfer of naive Foxp3™ CD4 T cells into T-cell-deficient
recipient mice results in the acquisition of Foxp3 expression by
some transferred T cells upon their “homeostatic” prolifera-
tion (4). In addition, accumulating experimental evidence
strongly supports the possibility that naive T cells acquire
Foxp3 expression in the presence of tumors (27, 29). These
tumor-induced Treg cells were shown to accumulate within the
tumor as well as in the tumor-draining LNs and were impli-
cated in the attenuation of antitumor immune responses (3,
19). Therefore, we decided to examine whether GPR83 has a
role in Foxp3 induction in non-Treg cells in tumor-bearing
mice. For this purpose, naive CD4" CD25~ CD62L" T cells
from GPR83-deficient or control mice, including Foxp3* T
cells at a frequency of ~1% or less, were transferred into
TCRBS ™/~ mice (data not shown), and the TCRBS ™/~ mice
were injected intradermally with B16.F10 melanoma cells 1 day
after T-cell transfer. Thirteen days after tumor inoculation,

mice were sacrificed and donor T cells were examined for
Foxp3 expression by using flow cytometry (Fig. 6A). Since
TGF-B is abundant in the normal gastrointestinal tract and has
been implicated in peripheral Foxp3 induction (5), we first
examined the presence of Foxp3™ T cells in mesenteric LNs
draining the gastrointestinal tract. Homeostatic proliferation
resulted in a level of induction of Foxp3 comparable to that in
normal mice independent of GPR83 expression, as illustrated
by the observation of ~6% of donor GPR83-deficient or non-
deficient T cells in mesenteric LNs 2 weeks after transfer (Fig.
6B and C). Furthermore, as shown in Fig. 6D and E, an
analysis of Foxp3™ cells within GPR83-deficient and wild-type
CD4" TCRB™ cell populations in the tumor-draining axillary
and inguinal LNs showed comparable ~4-fold increases in
their frequencies in draining versus nondraining LNs. Taken
together, these results indicate that GPR83 is not required for
Foxp3 induction in nonregulatory T cells in vivo.

DISCUSSION

GPRS83, an orphan G-protein coupled receptor, is expressed
at high levels in Foxp3™ Treg cells, and forced Foxp3 expres-
sion in non-Treg cells results in GPR83 up-regulation, suggest-
ing a close link between Foxp3 and GPR83 expression (7, 12,
24). However, the functional significance of GPR83 expression
in Treg cells has remained unclear. Our study showed that
GPR&83-deficient mice harbor normal numbers of thymic and
peripheral Foxp3™ cells with no significant changes in surface
phenotypes or functions. GPR83-deficient Treg cells were
anergic, as revealed by in vitro TCR stimulation, and were able
to suppress target T-cell populations from either GPR83-defi-
cient or wild-type control mice. Moreover, in contrast to a
previously published report suggesting a role for GPRS83 in the
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FIG. 6. GPRS83 is dispensable for Foxp3 up-regulation in CD25~ CD62L" CD4* T cells facilitated by homeostatic proliferation or tumor
growth. (A) Schematic representation of the experimental design. Foxp3 expression was examined in tumor-draining and distal LNs 14 days after
the adoptive transfer of Gpr83~/~ or Gpr83™/~ CD25~ CD62L" CD4* T cells into TCRB3 ™/~ mice followed by the inoculation of B16.F10
melanoma cells. i.d., intradermal; sac, sacrifice. (B to E) Flow cytometric analysis of Foxp3™ cells within the CD4 T-cell population present in
non-tumor-draining mesenteric LNs (B and C) and tumor-draining axillary and inguinal LNs (D and E). (B and D) CD4 and Foxp3 expression
in LN cells gated for TCRB™ cells is shown. (C and E) Each symbol represents the proportion of Foxp3™ T cells in a single animal. Results are
from two independent experiments each with four to five animals per group.

regulation of IL-10 secretion (12), we found unaltered IL-10
production by Treg cells in the absence of GPR83. In addition
to the normal and fully functional Treg cell subset, the non-
Treg CD4 T-cell population in GPR83-deficient mice was nu-
merically and functionally intact. These cells were able to pro-
liferate and secrete effector cytokines like gamma interferon in
response to TCR stimulation at a level comparable to that in
wild-type mice (data not shown). Furthermore, the elimination
of the GPR83 conditional allele specifically in Treg cells in-
duced by a Cre recombinase gene knocked into the 3’ untrans-
lated region of the Foxp3 locus did not lead to an impairment
in suppressor Treg-cell function, and the resulting mice re-
mained healthy (M. A. Gavin, J. P. Rasmussen, and A. Y.
Rudensky, unpublished observations). Altogether, we found
no detectable adverse effects of GPRS83 deficiency on Treg-cell
development and function.

A recent study suggested that the overexpression of GPR83
in Foxp3™ T cells facilitates the acquisition of Foxp3 expres-

sion in vivo in an inflammatory setting (12). We were able to
detect at best a slightly reduced efficiency of Foxp3 induction in
GPR83-deficient naive peripheral T cells upon their activation
in vitro in the presence of TGF-B. This mild difference cannot
be explained by attenuated TGF-B signaling in GPR83-defi-
cient T cells, since we found comparable levels of Smad2/3
phosphorylation and nuclear translocation in GPR83-deficient
and nondeficient T cells (data not shown). Another, albeit
indirect, argument against a general effect of GPR83 defi-
ciency on TGF-@ signaling is our observation that, while Foxp3
induction was diminished in the absence of GPR83, the gen-
eration of Th17 cells, another TGF-B-dependent T-cell lin-
eage, was not affected. Finally, it is noteworthy that a subtle
difference in Foxp3 induction in GPR8&3-deficient and wild-
type T cells was not observed in the absence of APCs, suggest-
ing that APCs may serve as a source of putative GPRS83 ligand
and that GPR83-ligand interactions can facilitate the acquisi-
tion of Foxp3 by peripheral T cells.
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One caveat to this conclusion is the lack of a demonstrable
difference in the efficiency of Foxp3 acquisition by naive T cells
in vivo in the absence or presence of GPR83, whereas it was
suggested by others that GPR83 may facilitate the acquisition
of Foxp3 expression (12). Although we cannot exclude the
possibility that under certain conditions GPR83 signaling may
be absolutely necessary, our results suggest that in vivo endog-
enous GPR&83 plays a redundant role in the induction of Foxp3
expression in peripheral T cells, perhaps due to signals pro-
vided by other receptors, such as neuropeptide Y receptor 2,
able to compensate for GPR83 deficiency (21). Moreover, it is
possible that the discrepancy between our results and those of
the study by Buer and coauthors is due to the reliance of the
latter on the overexpression of GPR83 in naive Foxp3™ T cells,
which normally express GPRS83 at low levels in both resting
and activated states.

Further analysis of GPR83 mutant mice may be able to address
the potential redundancy in GPR83 signaling in peripheral Treg-
cell differentiation in vivo. Furthermore, GPR83-deficient mice
will be instrumental in the generation of GPR83-specific anti-
bodies and in the evaluation of the utility of such a reagent for
the specific detection of Treg cells in genetically unmodified
mice and in humans. Finally, these mice will serve as a valuable
resource for studying a recently proposed role for GPRS83 in
the control of feeding and emotional behavior (20). In fact, we
observed a trend of GPR83-deficient mice to become obese
with age (L.-F. Lu and A. Y.Rudensky, unpublished observa-
tion).

In conclusion, through the analysis of GPR83-deficient mice,
we examined a role for GPR83 in Treg-cell development and
function. Our studies demonstrated that GPRS83 is dispensable
for thymic development and the maintenance of Treg cells and
for their suppression. Although our in vitro studies suggested a
subtle, but detectable, role for GPRS83 in potentiating TGF-B-
dependent Foxp3 induction in non-Treg cells, in vivo experi-
ments indicate that the role of GPR83 in this process is redun-
dant. Overall, the findings of our study suggest that under
physiologic settings GPR83 does not play a nonredundant role
in Treg-cell biology.
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