pathway 1s not limited by other proteins and is independently
capable of achieving sufficient inhibition of T cell activation.

Laptm5~'" spleen T cells expressed higher amounts of sur-
face TCR, as well as CD3Y, proteins, than did wild-type T cells
only after CD3 stimulation, suggesting that LAPTM5 requlates
CD3% degradation in a ligand-dependent manner. Consistent
with this interpretation, LAPTMS colocalized with CD3Z in normal
spleen T cells only after CD3 stimulation, Furthermore, Laptm5 ™"
DP thymocytes, which are undergoing positive and negative
selection and thereby are stimulated through their TCR, ex-
pressed higher amounts of surface TCR and cellular CD3Y,
whereas Laptm5~'~ SP thymocytes, which have already under-
gone selection, expressed identical amounts of surface TCR and
CD3;, as wild-type SP thymocytes. Direct TCR stimulation is
apparently no longer required in the 2B4 T hybridoma cell line
where overexpressed LAPTMS was able to interact with CD3%
and mediate its degradation without the requirement for CD3
stimulation. However, our data in normal T cells and thymocytes
indicate that LAPTMS-mediated CD3Z degradation is regulated
by TCR stimulation, presumably as a feedback mechanism to
prevent prolonged TCR signaling.

Deficiency in c-Cbl results in enhanced TCR signaling and
positive selection of thymocytes because of the elevated surface
TCR expression on DP thymocytes (Naramura et al., 1998). Par-
adoxically, peripheral T cells lacking c-Cbl respond rather poorly
to CD3 stimulation in terms of both proliferation and total tyrosine
phosphorylation. Because ¢-Cbl is expressed at a much lower
amount in mature T cells as compared to that in thymocytes
(Naramura et al,, 1998), it is likely that the absence of c-Cbl
increases the TCR signaling on DP thymocytes and allows for
positive selection of thymocytes with lower TCR responsiveness
to become mature T cells. Laptm5~'~ DP thymocytes also
expressed increased TCR on DP thymocytes, but, in contrast
to c-Cbl deficiency, Laptm5~ '~ mature T cells still exhibited en-
hanced responses to TCR stimulation. The similar phenotype in
thymocytes but opposite responses by mature T cells observed
in mice lacking LAPTMS5 or c-Cbl could be attributable to the dif-
ferential expression patterns of these molecules. Laptm5 is ex-
pressed at higher amounts in the spleen than in the thymus
(Scott et al., 1996). Therefore, it is conceivable that the positively
selected Laptm5 '~ thymocyles can maintain their hyperres-
ponsiveness in the periphery relative to wild-type T cells, which
express higher amounts of LAPTMS. In this regard, it will be
Interesting to inactivate Laptm$ specifically in thymocytes or pe-
ripheral T cells and investigate T cell function in vivo. Studies thus
far have revealed that multiple proteins, including SLAP, ¢-Cbl,
Cbl-b, and perhaps SLAP-2 (Holland et al.,, 2001; Pandey
et al,, 2002; Loreto et al,, 2002), are involved in the regulation
of surface TCR expression. SLAP and c-Cbl are predominantly
expressed and function in DP thymocytes, whereas Cbl-b mainly
functions in mature T cells. However, although c-Cbl and Cbl-b
predominantly function in thymocytes and mature T cells, re-
spectively, they appear to functionally compensate for each
other because Cbl-b and c-Cbl double deficiency exhibits
a much more severe defect both in mature T cells and in thymao-
cytes than seen in mice singly deficient for either gene (Naramura
el al., 2002; Huang et al., 2008). LAPTMS functions both in the
thymus and in the periphery, presumably downstream of SLAP
and/or Cbl, and it promotes CD3% degradation. Therefore, TCR
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metabolism is regulated by multiple differentially expressed pro-
teins that have distinct as well as overlapping functions to allow
precise control of cell-surface TCR expression in response to the
different external signals encountered during T cell development
and activation,

It has recently been shown that SLAP functions as an adaptor
for the E3 ubiquitin ligase c-Cbl and that these two proteins
together mediate the ubiquitination and subsequent degradation
of CD3% (Myers et al., 2005, 2006). Interestingly, LAPTMS5 con-
tains a UIM that overlaps with the second PY motif. We found
that LAPTM5-mediated TCR downmodulation in 2B4 cells re-
quired the UIM. It is templing to speculate that LAPTMS might
bind the ubiquitinated CD3¢ and promote its degradation in the
lysosomnal compartment. Moreover, we found that the PY motifs
of LAPTMS are critical for TCR downmodulation. Because PY
motifs are known to interact with WW domains involved in pro-
tein-protein interactions, it is conceivable thal additional proteins
with WW domains might also be involved in CD3% degradation.
Recently, LAPTMS was found to interact in 2937 cells with
Neddd, a HECT-type E3 ubiquitin ligase that plays multiple roles
in protein transport, through the PY motifs of LAPTMS and the
WW domains of Nedd4 (Pak et al., 2006). In addition, LAPTMS
UIM was shown to bind ubiquitinated GGA3, an adaptor protein
involved in endosomal and lysosomal sorting. The interaction
of LAPTMS5 with both Nedd4 and GGA3 appears to be essential
for its lysosomal localization (Pak et al., 2006). Moreover, in a
functional-proteomics mapping of a TGF-fi signaling system,
LAPTMS was shown to interact with Smurf2, a ubiquitin ligase
for Smads, and inhibit TGF-f} signaling in HepG2 cells (Colland
et al., 2004). Although the physiological significance of LAPTMS
interactions with Nedd4, GGA3, and Smurf2 remains 1o be es-
tablished, these results suggest that LAPTMS5 contains multiple
functional domains that control its localization and interaction
with other proteins. Intriguingly, we reproducibly detecled
much lower amounts of CD3Y than LAPTMS when the LAPTMS
was Immunoprecipitated. Because LAPTMS interacts with multi-
ple proteins, it is possible that LAPTMS antibodies pulled down
multiple proteins, with only a fraction being CD3{ chain. Alterna-
tively, the small amount of CD3{ detected in the LAPTMS immu-
noprecipitates may be due to LAPTMS overexpression in 284
cells.

Identification of LAPTM5 as a new regulator that mediates
CD3% degradation and inhibits T cell activation raises many
questions, How do LAPTMS and other molecules involved in
TCR metabolism, including SLAP and Cbl family proteins, coo-
perate to regulate TCR metabolism? Are there any human immu-
nodeficiencies or autoimmune diseases that are associated with
dysregulated LAPTMS function? It is interesting to note that
Laptm5 gene Is inactivated by either chromosomal deletion or
promoter methylation in four cases of human multiple myeloma
(Hayami et al., 2003), raising the possibility that LAPTMS may
also have a tumor-suppressor function in humans.

EXPERIMENTAL PROCEDURES

Generation of Laptm5-Gene-Targeted Mice

A targeting vector was constructed to replace exon 1 and a pan of the
promoter region with the neomycin gene. The CS7BL/G-derived Bruced
ESCs were trar ted with the i targeting vector, and 2 days atter
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transfection, nwmmm!hmd?ﬁownﬂ&ww 1 uMof
GANC (only for the first two days), ESC weie

1o penomic mﬁhmwmmsmmmmmﬂm
flanking 5’ andt 3' homology regoans and neo primers. The sequences are as
follows. 5 primer, 5157459, & -TGTGTCTATGTGTICGTGTG-T, 3 prmer,
as169868, 5 -CGUCATCAGTCTACCTAAACA-3'. neos, 5-TCGCCTTCTAT
CGCCTTCTT-2: and neces. 5-ATAGCCGAATAGCCTCTCCA-Y' PCR was
performed at 95°C for 2 min, followed by 30 cycles of ampification at 95°C
for 10's, 60°C for 20 5, and 68" C for 10 mun with LA-Tag polymerase (TAKARA
Bio, Japan) Mouse genotypes were determined by PCR using primers
Laptm5s161548  (5-ATGGAGATGTGTGAGAAGCC-3). LapimSas161994
(5"-TGCCTGCTTCTCCCTACCAA-T), and neos at 85°C for 2 min, §

pH 3.0, followed by immodiate neutralization in PBS contalning 1% BSA
and 0.5% NaN,, pH 7.4. Both treated and untreated cells wore then siained
with FITC-anti-CD4 or FITC-ant-CD8 and analyzed for PE fi e on
gated CO4 " and CO8" cens by fiow cylomelry. The percentage of TCR internal-
izabon was calculsted as described previously (Naramura et al . 2002)

For analysis of the recychng of mtemalized TCH, spleen cefis were labaled as
descrbed above and cultured for 30 min 1o allow for TCR mternaiczaton. Calls
wern (hen washed twice with cold acidic buffer. followed by inmediate

' 1o ar and cultured at 37°C
agan for vanous times 1o aliow for the recycling of the internalizead TCR. At
each tima point, hal! of the cells were lreated with cold acidic bufler followed

by
30 cycies of amplibcation at 95'C for 5 5. B0°C for 10 5. and 72°C far 1 min
with Tag polymerase (TOYOBO. Japan). Chimenc mice were bred with
C578L%6 mice 1o obtain heterorygotes, which were then crosssd 1o obtain
homozygotes. The Laptm5 ' mice are in C57BL/6 background. Mice wera

by f stained with FITC-anti-CD4 or anti-CD8, and analyzed lor PE
fiuorescence on gated CO4* and CDB8" cells. The p ge of TCA recyc!
was r:ulctuluu as previously described (Myers et al, 2005). For both TCH

and recycling, the acid stripping of cells did not induce massive

call death (Figure S8),

maintainad in spacific-p gn-trae di and all exp were
appraved by the Animal Facility Committee of the RIKEN Yokoh I ] blot Analysi
wumwmmmmmwusmmimzmn Thuly-
Antibodies and Other Reagents sate was resolved in a 5%—20% gr gel and ] P
Palyclanal rabtit antitrxodies were raised agains! a peptide (PPKTPEGDPAPP. membranes (MILLIPORE) After blocking with 5% nontat mifk, the membranes
PYSEV) located near the G terminus of mouse LAPTMS, The specificity of the  were incubated with primary antibodies and then horsoradish peroxidase
LAPTMS antibodies was vedified by both intraceiul g and blot  (HRP} y antibodies and gaveloped with an enhanced
analysis of lysates denved of 2837 cells transfectad with a Laptm5 s chemiluminescence ight (ECL) reagem

vector, The fallowing commercial antibodies were used in these studies: FITC-
anti-CD4 (AM4-5), PE-ant-CD8 (Ly-2), APC-anti-CD3c (2C11), PE-anti-TCRp
(H57-587), PE-B220 (RA3-6B2). FITC-ant-CD43. FITC-anti-igM, PE-anti-
IgD. and APC-B220 for FACS staining (purchased from BOD Biosciences);
anli-mouse CD3L (H146, CEDARLANE), anti-CD3¢ (M-20, Santa Cruz}, anti-
nhuman CO37 (6B10.2, Santa Cruz), anti-phasphotyrosine (4G10, Upstate),
ani-GFP (IE4, Stressgen), anti-Flag [MS, Sigma), anti-Actin (Sigma), anti-
CD3b (M-20, Santa Cruz), anti-CD3y (C-20, Santa Cruz), and anti-phospho
Lek (pY505, BD Biosciences) for immunobiot analyses. The follawing phaspho

tiodies ware h from Cell Signaling: phospho ZAPTO (Try319),
phospho LAT (Tyr171), phaspho Erk, phospha JNK, and phaspho p38 MAP ki-
nase. For intraceliuar staining, anti-CD3(, (H146, CEDARLANE), anti-LAMP1
(1048, BD Biosciences), FITC-anti-rabbit 19G (Santa Cnuz), AlexaS55-anti-
rat 1gG (Molecular probes), Streptavidin-A probes), and
PE-anti-IFN-y (XMG1.2, BD Biosciences) were used. For CFSE assay,
CellTrace CFSE Cell Proliferation Kit (Molecular Probes) was used, For T cell
stimulation, ant-CD3c (2C11, NA/LE, BD Biosciences), anti-CD28 (37.51,
eBloscience), IL-2 (R&D), anti-hamster IgG (Cappel), PMA {Sigmal, and ono-
mycin (Sigma) were used

oA (hAa .

Purification of Spleen T Cells, Proliferation, Cytokine
Production, and Ca** Influx

Spleen T cells were isolated via negative sorting with the IMag T cell purifica-
tion kit (BD Biosciences) 28B4 is a T cell hybridoma and has been describeg
previously (0°Oro et al., 2002). Cells were cultured in APMI 1640 medium sup-
plemented with 10% FCS, § x 10°% M 2-mercap ,2mM L-gh e,
and 100 U/mi of penicillin and streptomycin. For proliferation assay, cells were
cmw1w2dmwmmdhrlmmlﬂmwnhluCUwulofPH]
thymidine, Thymidine uptake was analyzed as d pr
el al, 2007), IL-2 and IFN-y production were measured by EUSA with a kit
(BD Biosciences). Ca™ influx experiments were performed as p ly de-

e At

Construction of Laptm5-IRES-GFP Vector and Retroviral Infection

A 1.1 kb Laptm5 cONA fragment was cloned into pMX-IRES-GFP retroviral
vector (Nosaka et al, 1999), V. LAPTMS 1 WEIE (e as de-
scribed recently (Pak et al, 2006) by site-directed mutagenasis with a kit (Invi-
tragen). These retroviral constructs wer translected into the PHOENIX pack-
aging cell ine, and the virus supematant was prepared as described praviously
(Nosaka et al., 1999). Virus transduction of the 284 T cell hybridoma and nor-
mal spleen T cells was carmied out in the presence of 10 pg/ml of DOTAP
reagent (Roche)

Immunofiucrescence

Spieen T cells were first treated with 10 mM NHLC1 for 2 br and then stimutatea
with plate-bound anti-CD3 for 6 hr. Cells were then fixed and permeabilized
with the Cytofix/Cytoperm F Permr 1 Solution Kit (BD Biosci-
ances); stained with anti-LAPTMS, anti-LAMP1, and anti-CD3{ (H148),
washed three limes, and stained with biotinylated anti-Hamster 1gG. Alter
they were washed threa times, the cells were lurther stained with FITC-anti-
rabbit IgG to detect LAPTMS Alexa 555-anti-rat igG to detect LAMP1, and
avidin-Alexa 647 to detect CD3L. After they were washad three times, the cells
wers attached to glass shoes via a cytospin and fixed with ProLong Gold anti-
fade reagent containing DAP, For intracellular staining of thymocytes, cells
were first stained with FITC-anti-CD4 and APC-anti-CD8, fixed and permaat-

lzed with the Cytofix/Cytoperm FixatiorvP Solution Kit, and
stained with anti-CO3; Toliowed by PE-anti-hamster IgG
Coimmunoprecipitation of LAPTMS and CD3z

284 celis (2 % 10°) were first culiured in the p of the Iy inhibitor

NH,CI for 2 hr and then lysed on ice for B0 min in a buffer containing 1% dig-
itonin (20 mM Tris-HC! [pH 7.5), 150 mM NaCl, 2 mM EDTA) in the presence of

scribed (Hikida et al., 2003). In brief, purified spleen T celis were suspended
at 107 colis/mi and incubated with 1.2 uM of Indo 1-AM (Dojindo) at 37°C for
45 min in the dark Aher washing. the cells were resuspended at 10° calls/mi,
stimutateg with anti-CO3 foliowed by anti-hamster igG. ang immediately

analyzed with a LSR flow cy B0 8 )
TCR Int lization and Recycling
TCR inter N was analyzed as described previously ( el al,

2002), In brief, spleen cells were labeled with phycoerythrin (PE}-conjugated
hamster anti-mouse TCRR and crosslinked with goat antibodies against ham-
ster igG at 4°C. Calls ware then cultured at 37°C lor various times to allow TCR
internalization, At each time point, noninternalized antit were d
by washing cells twice n ice-cold acidic buffer (PBS containing 1% BSA,

a pr nnibtor il for cells (Sigma). The lysate was
centrifuged for 20 min at 20,000 = g, and the supernatant was precleared
with 100 ul of profein G sepharose beads (Amersham) three times at 1 hr intes-
vals and immunoprecipitated with anti-LAPTMS or control rabbit IgG-conju-
gated protein G beads at 4°C for 3 he, The beads were then washed ten times
with the lysss buffer and D in 505 bufter The ples were
boiled for 5 min and subjected 1o immunoblot analyses

Assay for T Cell Activation In Vive

Faor the ex vivo assay, mice were first immunized intragermally in both hind
footpads with BO ug of KLM (Sigma) in compiete Freund's adjuvant (CFA,
Difco). Seven days after immunization, whole lymph node ceils (2 x 10° cells)
were prepared from popliteal draming lymph nodes and cultured in the pres-
ence of different doses of KLH. For proliferation assay, cells were cultured
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for 3 days and pulsed with 1 M of [*H] thymidine for the last 6 hr. For cytokine
production, cells were cultured for 2 days and supernatants were harvested
IL-2 conce was det ed by ELISA (eBioscience), For the OTH as-
say, mice were sensitized with 1.25 mg/ml mBSA {Sigma) in CFA subcutane-
ously at the base ol the tail. Seven days after sensitization, mice ware chal-
lenged with 0.3 mg/mi of mBSA in a 20 Wl volume into one footpad, and an
equal volume of PBS was injected into another footpad. Footpad sweiling
was measured by a caliper. Footpad swelling was determined as lollows:
(em) = [footpad thickness of mBSA-injected footpad (cm)] - [footpad thick-
ness of PBS-injecied footpad (cmj] as described (Nakae et al., 2002).

SUPPLEMENTAL DATA

Supplemental Data include eight figures and can be found with this article
online at http://www.immunity. com/cgl/content/'full/29/1/33/DCY/
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Repressor of GATA regulates Ty2-driven allergic airway
inflammation and airway hyperresponsiveness

Kiyoshi Hirahara, MD,** Masakatsu Yamashita, PhD," Chiaki lwamura, PhD,* Kenta Shinoda, MS,”
Akihiro Hasegawa, PhD,” Hirohisa Yoshizawa, MD,® Haruhiko Koseki, MD,” Fumitake Gejyo, MD,"

and Toshinori Nakayama, MD*

Background: Studies of human asthma and of animal models of
allergic inflammation/asthma highlight a crucial role for Ty2
cells in the pathogenesis of allergic asthma. Repressor of GATA
(ROG) is a POZ (BTB) domain—containing Kruppel-type zinc
finger family (or POK family) repressor. A repressive function
to GATAJ, a master transcription factor for Ty2 cell
differentiation, is indicated.

Objective: The aim of this study was to clarify the regulatory
roles of ROG in the pathogenesis of Ty2-driven allergic
diseases, such as allergic asthma.

Methods: We examined allergic airway inflammation and
airway hyperresponsiveness (AHR) in 3 different mouse models,
which use either ROG-deficient (ROG™'") mice, ROG
transgenic mice, or adoptive transfer of cells.

Results: In ROG™'™ mice Ty2 cell differentiation, T2
responses, eosinophilic airway inflammation, and AHR were
enhanced. In ROG transgenic mice the levels of eosinophilic
airway inflammation and AHR were dramatically reduced.
Furthermore, adoptive transfer of Ty2 cells with increased or
decreased levels of ROG expression into the asthmatic mice
resulted in reduced or enhanced airway inflammation,
respectively.

Conclusion: These results indicate that ROG regulates allergic
airway inflammation and AHR in a negative manner, and thus
ROG might represent another potential therapeutic target for
the treatment of asthmatic patients. (1 Allergy Clin Immunol
2008;122:512-20.)

Key words: Repressor of GATA, POK family, repressor, airway
inflammation, airway hyperresponsiveness, GATA3, Ty2, allergic
asthma
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1 ot

Asthma is a major public health problem that has increased
markedly in prevalence in the past 2 decades.! Asthma is charae-
terized by a chromic inflammatory disease of the lower airways
that causes airway hyperresponsiveness (AHR) to a wide variety
of specific and nonspecific stimuli®” The cardinal features of
acute asthma are airway inflammation predominated by eosino-
phils, hypersecretion of mucus, and AHR, A critical role for
T2 cells in the pathogenesis of allergic asthma has been demon-
strated in the studies of human asthma, as well as in animal
models of allergic airway inflammation.*'?

It is well established that CD4 ™ effector Ty cells can be cate-
gorized into 3 subsets: Tyl, Ty2, and Ty 17 cells. Tyl cells pro-
duce large amounts of IFN-y and direct cell-mediated immunity
against intracellular pathogens, Ty2 cells produce IL-4, IL-5,
and IL-13 and are involved in humoral immunity and allergic re-
actions. Recently, another Ty subset, Ty17, was identified.'’
Ty17 cells produce 1L-17 and are involved in the pathogenesis
of autoimmune diseases.'”'* In addition, several transcription
factors that control the differentiation of these Ty, subsets were
identified. Among them, GATA3 appears to be a key transcription
factor for Ty2 cell differentiation,™'® T-bet for Ty1,'” and reti-
noid-related orphan receptor v t for Tyl7 cell differentiation.'®

GATAZ is selectively induced in developing Ty,2 cells after
T-cell receptor (TCR) stimulation in the presence of IL-4, and
the ectopic expression of GATA3 resulted in the induction of
Ty2 cell differentiation in the absence of signal transducer and
activator of transcription 6."” GATA3 acts as a transcriptional
factor for ILS and ILI3 genes.”™* In addition to the promoter
regions, GATA3 also binds to various regulatory regions for
Ty cytokine expression, including the conserved GATA3J re-
sponse element,™ the 3’ site of IL-4,%* the IL-4/IL-13 intergenic
region (conserved noncoding sequence 1), and the 3’ end of the
radiation 50 gene.”® We reported that the histone modifications at
the Ty2 cytokine gene loci are primarily mediated through
GATA3 in T2 and Te2 (type 2 cytotoxic T) cells. 272
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The inhibition of GATA3 activity in dominant-negative
GATA3 transgenic mice results in a reduction in Ty2 cytokine
production and less severe allergic inflammation in a murine
model of asthma.” Moreover, allergic airway inflammation and
AHR have been reported to be compromised by the intranasal ad-
ministration of antisense GATA3.™ More recently, in allergen-
challenged transgenic mice overexpressing GATA3, airway
smooth muscle hyperplasia and subepithelial fibrosis were
repuﬂcd." !

Repressor of GATA (ROG) is a POZ (BTB) domain—containing
Kruppel-type zinc finger family (or POK family) repressor and is
highly homologous to another POK family protein, promyelo-
cytic leukemia zinc finger ( PLZF).** ROG is also identified as
PLZF-like zinc finger protein,™ testis zinc finger protein,™ and
Fanconi anemia zinc finger.** The BTB/POZ domain mediates
homodimerization and heterodimerization and recruits corepres-
sor molecules, including histone deacetylases.” Two POK family
proteins, B-cell lymphoma 6 and PLZF, are known to be impli-
cated in the oncogenic activity in non-Hodgkin's lymphomas™’
and acute promyelocytic leukemia, ™ respectively. Overexpres-
sion of ROG exhibited repression of GATA3-induced transactiva-
tion of the 1L-4 and IL-5 promoters in the M12 B-cell line and the
EL-4 T-cell line.”* We previously reported that the level of ROG is
significantly higher in CD8 T cells than in CD4 T cells and that
ROG might confer CD8 T cell-specific repression of histone
hyperacetylation and activation of the /L4 gene locus.”” T cells
from ROG-deficient mice showed an increased proliferative
response.””" However, the biologic role of ROG in the Ty2
immune responses and the Ty2-dependent diseases has not
been investigated.

Here we have established ROG-deficient (ROG ™'~ ) mice on ei-
ther a BALB/c or C57BL/6 background and also ROG-transgenic
mice on a C57BL/6 background and used these animals to inves-
tigate the role of ROG in Ty 1/Ty2 cell differentiation and in the
pathogenesis of Ty2-dependent allergic airway inflammation.
Our results indicate that ROG negatively regulates Ty2-depen-
dent airway allergic inflammation.

METHODS
Mice

The ammals, including ROG™'™ mice, used in this study were back-
crossed to either BALB/c or C5TBL/G 10 times. ROG™ x DO11.10 trans-
genic (Tg) mice (anti-ovalbumin [OVA]-specific TCRap Tg),* ROG ™"
% OT-1 or OT-I1 Tg mice (anti-OVA-specific TCRap Tg),*"*? and ROG
Tg x OT-1 or OT-11 Tg mice were used at 6 to § weeks of age. BALB/c,
C57BL/6, and BALB/c niwnu mice were purchased from Clea. Inc (Tokyo,
JTapan). All mice used in this study were maintained under specific patho-
gen-free conditions. Animal care was conducted in accordance with the
gutdelines of Chiba University.

Immunofluorescent staining and flow cytometric
analysis

In general, one million cells were stained with antibodies, as indicated,
according to a standard method.***

Quantitative RT-PCR

Quantitative RT-PCR was performed as described previously with an ABI
PRISM 7500 Sequence Detection System (Applied Biosystems, Foster City,
Calif) under standard conditions.”*" The primers for TagMan probes for the
detection of ROG (exon 2-3), IL-4, IL-5, IL-13, cotaxin 2, RANTES, TNF-a,
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macrophage-derived chemokine (MDC), thymus and
chemokine (TARC), and hypoxantt ine-ph

were purchased from Applied Biosystems.

activation-regulated

horih 1 f,

p

ELISA
Cywkine production was assessed by means of ELISA, as described
ptwiuu:!y."'

In vitro Ty1/Ty2 cell differentiation cultures
A detailed protocol is described in the Methods section available in the On-
line Repasitory at www.jacionline o,

OVA sensitization, inhalation, and analysis of
airway inflammation

A detailed protocol is described in the Methods section in the Online
Repository.

Statistical analysis

The significance between 2 groups was determined by using the 2-tailed
dent £ test. Compari for all pairs were performed with the Kruskal-
Wallis test.

<

RESULTS
Enhanced OVA-induced eosinophilic inflammation
and AHR in ROG™'~ mice

We generated ROG™'™ mice, in which ROG mRNA was not ex-
pressed in the thymus and peripheral T cells (see Fig E1, C, in this
article’s Online Repository at www. jacionline.org). T-cell devel-
opmentin ROG™'~ mice appeared to be normal because no appar-
ent difference in the cellularity and CD4/CDS ratio in the thymus
and spleen compared with that seen in wild-type control animals
was observed (see Fig El, D). The cell-surface expression of
TCRB, CD3e, CD25, CD6Y, CD44, CD62L., common vy (Cy),
IL-2RB, IL-4Ra, and IL-7TRa was normal in ROG™"™ splenic
CD4 and CD8 T cells (see Fig El, E).

The bronchoalveolar lavage (BAL) fluid of OVA-immunized,
OVA-inhaled ROG*'*, and ROG™'™ mice was collected 48 hours
after the last OVA challenge 1o assess the role of ROG in allergic
airway inflammation (see Fig E2 in this article’s Online Reposi-
tory at www.jacionline.org). Significantly increased infiltration
of eosinophils and lymphocytes in the antigen-challenged
ROG™'™ group was detected, whereas the OVA-immunized and
PBS-challenged ROG™' mice did not have airway eosinophilia
or show signs of abnormal cellular infiltrates in the BAL fluid
(Fig 1, A). Evaluation of histologic changes in the lungs of
ROG™"" mice by means of hematoxylin and eosin (H&E) staining
revealed that the levels of OVA-induced inflammatory mononu-
clear cell infiltrates in the peribronchiolar region were higher in
ROG ™"~ mice in comparison with the infiltrates in wild-type litter-
mates (Fig 1, B, upper panel). No inflammatory cell infiltration
was detected in untreated ROG ™'~ mice (data not shown) or
OVA-immunized and PBS-challenged ROG ™'~ mice. Significant
augmentation of eosinophil infiltration was revealed by means of
LUNA staining in ROG™"" mice (Fig 1, B, lower panel), and as
demonstrated by means of periodic acid-Schiff (PAS) staining,
enhanced hypermucus production was detected in ROG™
mice (Fig 1, C, and see Fig E3, A, in this article’s Online
Repository at www,jacionline.org). To assess the extent of
AHR, we measured the methacholine-induced airfflow obstruction
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FIG 1. Increased OVA-induced airway inflammation and AHR in ROG™

mice. A, ROG™'* and ROG™"

mica wara sensitized with OVA and underwant inhalation with OVA. Infiltrated leukoeytes in BAL fluid

ware d. Tha ab cell r of

phils (Eos.), phils {Neut.), lympt Lym.),

and macrophages (Mac.) in the BAL fluid are shown with SDs. Seven to B mice per group ware used.
Three independent experiments were performed, and similar results ware obtainad. *P < .01, Stud,

t test, B, Semiquantitative annl\rais of peribronchiolar !nummn and lﬂlmuphﬂ infiltration in the lung.
*P < .01, Student ¢ test. G, Hyp duction was d d in ROG™'"" mice. D, AHR was assessed
as airway resistance (AL). Mean values (5 mica per group) are shown with SDs, *P < .01 and **P < 05,

Kruskal-Wallis test.

in an invasive assay for lung resistance at 24 hours after the last
OVA challenge. The mice were anesthetized, tracheostomized,
and mechanically ventilated, and lung resi e Was ed
directly. As expected, lung resistance was also significantly
increased in ROG ™'~ mice in comparison with that seen in
ROG™" mice (Fig 1, D). Neither PBS-challenged wild-type
nor PBS-challenged ROG™'™ mice had AHR. Approximately
2-fold enhancement of AHR was seen at all doses of methacho-
line in ROG™'~ mice in a whole-body plethysmograph (see Fig
E3, B). Similar enhancement in the levels of eosinophilic inflam-
mation and AHR was observed in ROG ™'~ mice with a CSTBL/6
background (data not shown). These results indicate that the ex-
tent of OVA-induced airway inflammation and AHR is enhanced
n ROG™'" mice.

Enhanced OVA-induced Ty2 immune response in
ROG™'~ mice

Proliferative responses induced by anti-TCR mAb stimulation
(see Fig E4, A, in this article’s Online Repository at www.jaci
online.org) or antigenic peptide stimulation (see Fig E4, ©)
were significantly higher in ROG™'™ CD4 and CD8 T cells.

The rate of cell division after antigen stimulation was also mod-
erately higher in ROG ™'~ mice (see Fig E4, B). An assessment of
the capability of ROG™'™ CDA4 T cells to differentiate into Ty 1/
Ty2 cells in vitro indicated moderate enhancement in T2 cell
differentiation under Ty2 conditions (34.9% vs 44.9% and
27.8% vs 37.6%; Fig 2, A) and under neutral conditions (3.0%
vs 8.7% and 15.3% vs 26.7%; see Fig ES in this article’s Online
Repository at www.jacionline.org), whereas Ty 1 cell differentia-
tion was equivalent (Fig 2, A).

We then examined the expression levels of IL-4, IL-5, IL-13,
eotaxin 2, RANTES, and TNF-a in the BAL fluid cells of OVA-
sensitized and OVA-challenged ROG ™'~ mice shown in Fig 1.
Quantitative RT-PCR analysis was performed with RNA iso-
lated from the infiltrates in the BAL fluid. The expression levels
of IL-4, IL-5, IL-13, eotaxin 2, and RANTES were higher in
ROG™"" mice than in ROG''* mice, whereas the TNF-a level
was comparable (Fig 2, B). Moreover, cytokine levels in the
BAL fluid, as measured by means of ELISA, showed increased
production of IL-5 and IL-13 in ROG™'~ BAL fluid (Fig 2, C).
At the same time, mediastinal lymph nodes were harvested
and stained for intracellular IFN-y and IL-4. Modest but re-
producibly increased numbers of IL-4—producing cells were
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FIG 2. Increased T2 cytokine production in the airways of ROG™'~ mice. A, The ability to differentiate into
Ty1Ty2 cells from ROG™'" x DD11.10 Tg mice was assessed. The results are reprasentative of 5 experi-
mants. B, mANA levels of IL-4, IL-5, IL-13, eotaxin 2, RANTES, and TNF-a in BAL fluid cells were determined
by using quantitative RT-PCR, *P < .01, Student t test. C, The amount of IL-6 and IL-13 in the BAL fluid was
determined by means of ELISA. The mean values with SDs (3-5 mice per group) are shown, *P < .01 and

**P < .05, Student ftest.

observed (see Fig E6 in this article’s Online Repository at
wwiw.jacionline.org). We measured the mRNA expression levels
of TARC and MDC, which are known to be the chemokines for
Ty cell recruitment by using mRNA from the allergic lung, and
no significant difference was noted between ROG™'™ and
ROG ™" mice (data not shown). Thus the enhanced OVA-induced
airway inflammation and AHR observed in ROG ™™ mice could
be due to the enhanced T2 responses in the airways of ROG™'~
mice.

Attenuated OVA-induced eosinophilic
inflammation and airway AHR in ROG Tg mice

To further investigate the regulatory role of ROG in T cells, we
generated ROG Tg mice under the control of a T-cell specific Ick
proximal promoter (see Fig E7, A and B, in this article's Online
Repository at www_jacionline.org). Quantitative RT-PCR analy-
sis revealed that ROG mRNA was expressed |0-fold higher in thy-
mocytes and splenic CD4 and CD8 T cells in ROG Tg mice (see
Fig E7, €). The cellularity and CD4/CD8 ratio in the thymus and
spleen in ROG Tg mice did not differ from those in wild-type
mice (see Fig E7, D). The cell-surface expression of TCRp,
CD3g, CD25, CD69, CD44, CD62L., Cy, IL-2RB, IL-4Ra, and

IL-7Ra on the splenic CD4 and CD8 T cells from ROG Tg
mice was normal (see Fig E7, E).

BAL fluid of OVA-immunized and OVA-inhaled wild-type and
ROG Tg mice was analyzed to evaluate the extent of Ty2-depen-
dent airway inflammation in ROG Tg mice. The number of total
infiltrated cells, lymphocytes, and eosinophils was found to be re-
duced in ROG Tg mice: the most striking difference between
wild-type and ROG Tg mice was the difference in the number
of eosinophils (Fig 3, A). Histologic examination revealed very
low-level infiltrates in the peribronchiolar regions in the lungs
of ROG Tg mice (Fig 3, B, upper panel). The decreased eosino-
philic infiltration in ROG Tg mice was confirmed by means of
LUNA staining (Fig 3. B, lower panel). Goblet cell metaplasia
and mucus hyperproduction were also reduced in ROG Tg mice
(Fig 3, C, and see Fig E8, A, in this article’s Online Repository
at www.jacionline.org). Lung resistance, as measured by using
a direct invasive method, showed no increase in the AHR in
ROG Tg mice compared with the increase in wild-type mice
(Fig 3, D). ROG Tg mice did not have significant AHR, and the
sensitivity to methacholine was almost equivalent to that seen
in PBS-challenged control mice (see Fig E8, B). From these re-
sults, we conclude that overexpression of ROG in T cells results
in the inhibition of OVA-induced airway inflammation and AHR.
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Attenuated T2 responses induced by ROG Tg CD4
T cells

Assessment of Ty 1/Ty2 cell differentiation of ROG Tg mice
showed reduced Ty2 cell differentiation in CD4 T cells from
ROG Tg mice compared with that seen in wild-type mice
(393% vs 27.0% and 30.2% vs 14.8%), whereas Tyl cell
(80.2% vs 77.8% and 64.6% vs 64.4%) differentiation was equiv-
alent (Fig 4, A). As expected, proliferative responses of both CD4
and CDB T cells were reduced in ROG Tg mice (see Fig E9, A and
B, in this article’s Online Repository at www.jacionline.org).
Consequently, we examined the expression levels of IL-4, IL-5,
IL-13, eotaxin 2, RANTES, and TNF-a in the BAL fluid cells
of the OVA-sensitized and OVA-challenged ROG Tg mice shown
in Fig 3. The expression levels of mRNA for [L-4, IL-5,1L-13, co-
taxin 2, and RANTES in Tg mice were clearly lower than those in
wild-type mice (Fig 4, B). Reduced production of IL-5 and IL-13
in BAL fluids from ROG Tg mice was also confirmed by means of
ELISA (Fig 4, €). We measured the mRNA expression levels of
TARC and MDC using allergic lung samples, and no significant
decrease was noted in ROG Tg mice (data not shown), These re-
sults indicate that the extent of Ty2 cell differentiation was re-
duced in ROG Tg CD4 T cells and that Ty2-dependent immune
responses in the airway in an allergic asthma model were
attenuated.

Decreased airway inflammation in mice after
adoptive transfer of ROG-overexpressing T cells
Next we examined whether the retrovirus-mediated over-
expression of ROG into effector Ty2 cells would affect downre-
gulation of Ty2 cell-mediated inflammatory responses. As
shown in Fig 5, A, a modest decrease in the numbers of 1L-4-pro-
ducing Ty2 cells was detected in the retrovirus-mediated ROG-
overexpressing cell cultures. One million IL-4-producing cells
from each culture were transferred into BALB/c nwnu mice. At
48 and 96 hours after cell transfer, mice were challenged with
OVA, and infiltration of inflammatory cells was determined, As
shown in Fig 5, B, the induction of airway infiltration of leuko-
cytes, including eosinophils, was essentially not observed in the
mice adoptively transferred with ROG-introduced T2 cells com-
pared with the mice with wild-type Ty2 cells. Consequently, RNA
was isolated and quantitative RT-PCR analysis was performed to
assess the expression of Ty2 cytokines and chemokines in the in-
filtrates in BAL fluid. The expression levels of IL-4, IL-5, IL-13,
and cotaxin 2 in the mice receiving ROG-introduced cells were
lower than those in mice receiving mock-introduced cells,
whereas RANTES and TNF-« levels were comparable (Fig 5,
C). Lung resistance, as measured by using a direct invasive
method, showed no obvious increase in the AHR in mice trans-
ferred with ROG-introduced cells compared with those with
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mock-introduced cells (Fig 5, D). These results indicate that the
expression levels of ROG in Ty 2 cells can affect the OVA-induced
airway inflammation.

Modulation of airway inflammation by adoptively
transferred ROG™'~ and ROG Tg T cells

Finally, we addressed whether OVA-primed T cells with altered
ROG expression are able to modulate OVA-induced allergic
inflammation. After immunization with OVA splenic CD3 T cells
from ROG Tg mice or ROG™'" mice (CSTBL/6 background)
were prepared and transferred into C57BL/6 mice that had been
also immunized with OVA twice. Two and 4 days after cell trans-
fer, mice were treated with OVA by means of inhalation, and the
inflammatory infiltrates in the BAL fluid were analyzed. As
shown in Fig 6, A, the adoptive transfer of CD3 T cells from
ROG Tg mice significantly reduced the levels of infiltration of
leukocytes, especially eosinophils. In contrast, the adoptive trans-
fer of CD3 T cells from ROG '~ mice resulted in increased levels
of cosinophilic infiltrates. When primed CD3 T cells from ROG
Tg mice were used, moderate but significantly decreased numbers

of inflammatory mononuclear cells and eosinophils were ob-
served by means of histologic analyses with H&E and LUNA
staining (Fig 6, B), respectively. A significantly decreased number
of PAS-stained cells in the mice receiving ROG Tg T cells was
seen, whereas an increased number of these cells was noted in
mice receiving ROG ™™ T-cell transfer (Fig 6, B, right panel).

DISCUSSION

Murine models of allergic asthma have been used to dissect the
underlying pathogenesis of human asthma. In this study we
demonstrate an important role for ROG in the regulation of Ty2-
dependent allergen-induced airway inflammation and AHR by
using newly established ROG™'~ and ROG Tg mice with a
BALB/c or C57BL/6 background and with a retrovirus-mediated
ROG gene-introduction system. Ty2-dependent airway inflam-
mation was enhanced in ROG™'™ mice (Fig 1) and was dramati-
cally inhibited in ROG Tg mice (Fig 3). We observed moderate
enhancement in Ty2 cell differentiation in ROG™'™ mice, with
a marginal effect in Tyl cell differentiation (Fig 2). In ROG Tg
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IL-4, IL-5, IL-13, eotaxin 2, RANTES, and TNF-u in the BAL fluid cells from adoptive transfer mice were da-

by using g RT-PCR. *P < .01, Student rtest. D, One day after the last OVA inhalation,
AHR was assessed, and results are presented as airway resistance (RLJ. Mean values (5-6 mice par group)

are shown with SDg. *P < 01, Kruskal-Wallls test.

mice Ty2 cell differentiation was affected, whereas Ty 1 cell dif-
ferentiation was normal (Fig 4). Moreover, retrovirus-mediated
ROG-overexpressing Ty2 cells also did not induce airway inflam-
mation in an adoptive transfer model (Fig 5). From these results,
we conclude that ROG in T cells plays an important regulatory
role in Ty2-dependent inflammatory responses in the airway.

The preferential effect in Ty,2 cells might be consistent with the
notion that ROG ncgntivclz' regulates GATA3,*® which is highly
expressed in T2 cells.'™'® ROG regulates in a negative fashion
the proliferative responses of CD4 and CDB T cells after TCR
stimulation with ROG™'~ and ROG Tg mice (see Figs E4 and E9),
Furthermore, the rate of cell division of CD4 and CD8 T cells was
moderately higher in ROG™'™ mice (see Fig E4, B). The levels of
enhancement were quite comparable in the previously reported
ROG™"~ mice. ™ Taken together, ROG can exert control of at
least 2 different processes in T cells during the induction of
Ty2 responses and inflammation: (1) a general process, prolifer-
ation of T cells after TCR stimulation, and (2) a Ty2-specific
process, the extent of differentiation into Ty2 cells through the
regulation of GATA3, In the first process the involvement of
the regulation of nuclear factor of activated T cells, cytoplasmic
2 (nuclear factor of activated T cells |)-initiated suppression of
the nuclear factor kB pathway is suggested.*

We observed greater effects in cytokine expression and eosin-
ophil numbers in the BAL fluid than in those of IL-4—producing
Ty2 cells in in vitro intracellular cytokine staining experiments

(Figs 1-5). This could be due to the involvement of ROG-mediated
regulation of the expansion of T cells in vivo in the case of the BAL
fluid results. The expression of ROG controls antigen-induced
proliferative responses of T cells (see Figs E4 and E9), and there-
fore the expansion of OVA-specific T cells after OVA inhalation
might account for the results seen with the BAL fluid samples (cy-
tokine expression and eosinophil number). In contrast, no T-cell
expansion would be expected to occur after restimulation with
anti-TCR mAb for 6 hours in the presence of monensin in virro.
In a previous study by Kang et al,” no significant changes in
the generation of IL-4-producing cells was observed in their
ROG™'™ mice, However, Piazza et al’' used an independent
line of ROG™" mice and showed an increased Ty2 cytokine
mRNA expression in Ty2 cells, which is consistent with our re-
sults, Piazza et al™ showed a normal expression of the mixed
lineage leukemia 2 (MLL2), a neighboring gene of ROG, in
ROG™"" mice. Normal expression of MLL2 was confirmed in
our ROG ™'~ mice (data not shown). Kang et al*® demonstrate
that the deficiency of ROG resulted in a marginal effect on
the severity of experimental autoimmune encephalomyelitis, a
Ty cell-mediated disease. We used a Ty;2-dependent experimen-
tal asthma model in which we observed a substantial effect.
Thus some apparent differences in the results obtained in these
studies could be due to the difference in the experimental
model systems used. In any event, with our newly established
ROG™'™ mice and ROG Tg mice, which have been extensively
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FIG 6. Modulation of alrway inflammation by adoptive transfer of ROG '

and ROG Tg T cells. A, Donor

mice (ROG™'~ and ROG Tg mice on a C57BI/6 background) and reciplent mice (CS57BL/E) were sensitized
with OVA, Splenic CD3 T cells ware prepared from donor mice and tr. farred into pient mice.
leukocytes in BAL fluid are shown, Five mice per group were used. *P < .01 and **F < .05 between groups,
Student [ test. B, Semiquanti analysis of p jolar leukocyte infil {H&E stain), peribron-
chiolar eosinophil infiltration (LUNA stain), and the abundance of PAS-positive mucus containing cells
(PAS stain). *P < .01 and **FP < .05 between groups, Student f test.

backcrossed on either C57BL/6 or BALB/c backgrounds, we
demonstrate clearly that ROG regulates Ty2 cell differentiation
and Ty2-dependent inflammation in the airway.

Ty2-dependent airway inflammation was not significantly in-
duced in nude mice after adoptive transfer of effector Ty2 cells
expressing increased levels of ROG (Fig 5). In addition, the
transfer of ROG Tg Tj;2 cells into normal mice that were OVA
sensitized and challenged resulted in the inhibition of the Ty2-
dependent airway inflammation (Fig 6). This might raise the
possibility of the therapeutic potential of the ROG-overexpress-
ing T cells. Adoptive transfer of ROG Tg T cells can compete
with antigen-presenting dendritic cells in the airway with the
host T2 cells that induce Ty2-dependent mirway inflammation.
Indeed, our preliminary results indicate that ROG Tg CD4 T cells
compete efficiently with wild-type CD4 T cells to reduce the wild-
type CD4 T-cell proliferation induced by OVA peptide pulsed on
dendritic cells (unpublished observation). It was recently reported
that during clonal expansion antigen-specific T cells could
compete for the limited number of peptide/MHC complex sites
on dendritic cells if the number of T cells is abundant.*’

In summary, our study highlights a role for ROG in the
development of eosinophilic inflammation and AHR and suggests

that ROG could consequently be another possible therapeutic
target for the treatment of allergic asthma.

We thank Drs Ralph T. Kubo and Tsuneyasu Kaisho for helpful comments
and constructive criticisms in the preparation of the manuscript.

Kev messages

® ROG regulates the pathogenesis of Ty2-driven allergic
airway inflammation and AHR.

e ROG might be a potential therapeuotic t
ment of asthmatic patients.
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METHODS
Mice

OT-1Tg mice are OVA-specific, MHC class I-restricted TCRa transgenic
mice with a CS7BL/6 background.”' The TCR recognizes a specific OVA pep-
ude (SIIN, OVA 257-264).

OT-1l Tg mice are OVA-specific, MHC class Il-restncied TCRaB rans-
genic mice with a C5TBL/6 bm:kgmund.h: The TCR recognizes a specific
OVA peptide (Loh 15, OVA 323-339). DO11.10 Tg mice are OVA-specific,
MHC class [-restricted TCRap transgenic mice with a BALB/c back-
ground.™ The TCR aspecific OVA peptide (Loh 15, OVA 323-339).
BALB/c nufnu mice lack the thymus, and no functional T cells are
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cells; 1, 5% to 25%; 2, 25% to 50%; 3, 50% to 75%; and 4, more than
75%.

Supplemental discussion

RANTES (CCLS) belongs to the CC chemokine family and induces
leukocyte migration by binding to specific receptors in the G protein-coupled
receptor family."'" RANTES is produced predominantdy by CD8 T cells, ep-
ithelial cells, fibroblasts, and platelets and is associated with airways inflam-
mation.*"""*"* The modulation of RANTES expression by different levels of
ROG was detected (Figs 2, B, and 4, B), whereas no difference was observed in

Genetic background of mice used in the study

It has been recognized that BALB/c mice show more prominem T2
responses than CSTBL/G6 mice. To investigate the Ty,2-dependent responses
in vivo, we used ROG™'™ mice with a8 BALB/c background (Figs 1 and 2).
We have obtained similar results in ROG ™" mice witha CS7BL/6 background
(data not shown). We have ROG Tg mice only with a C5TBL/6 background,
and therefore we used C5TBL/ background mice in the experiments using
ROG Tg mice (Figs 3 and 4) and with adoptive transfer of ROG Tg T cells
(Fig 6).

Antigen-presenting cells used in in vitro stimulation
and Ty1/T,2 differentiation

Thy 1.2-positive cells were eli d from spl ytes with anti-Thy!.2
mAb (53-2.1) and magnetic bead sorting (MACS sorting, Mitenyi Biotec,

the expression of RANTES in the transfer experiments by using BALB/c nude
mice (Fig 5, ). The reason for this discrepancy remains unclear at this time,
but this could be due 1o the absence of endogenous CD8 T cells in the host
BALBJ’: nwfnu mice. A critical role of CDB T cells in the OVA-induced airway

ion has been d.*'® RANTES could be involved in the modu-
lation of airway inflammation by CD& T cells.

The absol ber of phages in the BAL fluid is enhanced afier
OVA challenge (Fig 1, A). No remarkable change in the number of macro-
phages between ROG™* and ROG ™ mice was detected (Fig 1, A), and mod-
erate decreases in the number of macrophages were observed in ROG Tg and
in cell-transfer experiments with ROG-overexpressing cells (Fig 3, A, 5, 8,
and 6, A), Thus no clear link can exist between the expression levels of
ROG and the level of infiltration of macrophages into the lung.

Kang et """ demonstrate that ROG ™'~ T cells express more CD25 and
CD69. We did not detect the difference in the expression of CD25 and
CD6Y in freshly prepared ROG ™'~ T cells (see Fig E1). Kang et al measured
the expression of CD25 and CDGY after anti-TCR stimulation, whereas we ex-

Bergish Gladbach, Germany). Then Thyl.2-negative cells were irmadiated
(3500 rad) and used as antigen-presenting cells (APCs; 2 X 10%; Figs 2, A;
4,A;4, Band C; 5; and 9, B).

In vitro Ty1/Ty2 cell differentiation cultures

Naive (CD44"™) splenic DO11.10 Tg CD4 T cells (2 % 10*) or OT-I1 Tg
CD4 T cells (2 % 10%) prepared by means of cell sorting were stimulated
with indicated doses of antigenic OVA peptide (OVA 323-339) and irradiated

1 the expression in freshly prepared CD4 T cells in Fig 1, E. Thus the
apparent discrepancy between our results and theirs could be due 1o the cells
analyzed in their studies compared with ours (activated vs not activated).

We showed a modulation effect of ROG Tg T cells in an OVA-induced
airway inflammation model (Fig 6). The ROG pressing cells showed
the decreased ability to induce the airway inflammation (Fig 5). The expres-
sion levels of ROG in the retrovirus duced ROG I ing Ty
cells were modest compared with those of the ROG Tg T cells. Thus we per-

{3500 rad) BALB/c or CSTBL/6 APCs (Thy1.2-negative APCs, 2 % 10°) in the
presence of 1L-2 (25 Uml.) and IL-4 ( 100 Li/mL, Ty,2 condition); IL-2 (25 U/mL.}),
JL-12 (100 UWimlL), nndms IL-4 mAb (Tl condition); or IL-2 (25 UfmL) only
{nentral condition).™

In vitro ROG-overexpressing Ty2 cell cultures

Freshly isolated KJ1-positive CD4 T cells from DO11.10 Tg mice were
stimulated with immobilized anti-TCR plus anti-CD28 mAb for 2 days. Then
the ROG gene was introduced by using a retrovirus vector containing the ROG.
IRES-hNGFR gene, and 4 days after infection, ANGFR-positive infected cells
were enriched by soruing. | d cells were lated with OVA peptide
plus APCs in the presence of IL-2 for 5 days. Then the stumulated cells
{1 % 10% were transferred into BALB/c mwnu mice, as previously
described ™

Measurement of AHR

AHR responses were assessed by using methacholine-induced airflow
obstruction in conscious mice placed in a whole-body plnhymugmph (Buxco
Electronics, Inc, Wilmington, NC), as described previously."® Airway func-
tion was also d by g the ch in lung resistance and dy-
namic compliance in response to ing g doses of inhaled methacholine,
as described ;.uewim.naly'.m":jl

Analysis of lung histology

The lung samples taken on day 25 were sectioned and stained with
H&E wagcnts. PAS reagents, and LUNA reagents, as previously descri-
bed. " PAS-positive cells were defined as the average of the score. The nu-
meric scores for the abundance of PAS-posi ing cells in
each airway were determined as ru[luws. 0, less than 5% I’AS -positive

f 1 the modulation experi using ROG Tg T cells (Fig 6).

We I the mRNA ion levels of TARC and MDC, which are
known to be the chemokines for Ty cell recruitment, and no significant differ-
ence was noted in ROG ™'~ or ROG Tg mice compared with those in wild-type
mice. It is known that macrophages, natural killer cells, and B cells constitu-
tively secrete MDC,""™ and TARC is 1 by airway epitheliumn.""" Thus
ROG might not be involved directly in the regulation of the secretion of these
chemokines.
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FIG E1. Phanotypic charactarization of thymocytes and peripheral CD4 and CD8 T cells in ROG " mice. A,
Schematic reprasentation of wild-type and mutant loci of the ROG gene together with the targeting vector,
B, Representative Southern blot analysis with Xhol-digested DNA. C, ROG mANA levels in ROG™", ROG*'",
and ROG '~ thymocytes and splenic T cells were determined by means of quantitative RT-PCR. D, Rep-
resentative CD4/CD8 profiles of thymocytes and splenocytes of ROG ™' mice, The yields of thymocytes and
splenocytes are shown with standard deviations (lower panel). E, The phenotypic festures of splenic CD4
and CDB T cells from ROG™" mice. Each histogram depicts the exprassion of the indicated maker antigens
on electronically gated splenic CD4 or CDE T cells. Background staining is shown in shaded areas.
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FIG E2. Experimental p for ig i challenge, and assay in the ditferent mousa

models. A, BALB/c and C57BL/6 mice were injected intraperitoneally with 250 ug of OVA in 4 mg of alumi-
num hydroxide gel on days 0 and 7. Mice ware then treated with aerosolized OVA in saline (10 mg/mL) by
means of inhalation on days 14, 16, 21, and 23 tchal!unnel. On day 24, AHR and lung resistance (RL) were
assessed. On day 25, BAL fluid calls were prep K les for histologic analysis were prepared on
day 25. B, On day 0, i fiated Rc-“ pressing calls (1 = 10°% were transferred into BALB/c
nu/nu mice. After cell transfer, the mice were treated with serosolized OVA in saline (10 mg/mL) by means of
inhatation on days 2 and 4. No OVA immunization was performed. Rl was measured and BAL fiuid was
collected on day 6. C.Dumrmiwlﬂﬂﬁ"’ and ROG Tg mice on a C57B16 backg d) and recipi
mice (C57BL/S) were Ity with 250 ug of OVA with alum on days 0 and 7. ﬂn day
14, splenic CD3 T cells were prlpnud from donot mice and f 1 into recipient mice. The recipi
mice were treated with aerosolized OVA in ulint (10 rng.‘rnl.] by means of inmlatlon on days 16 and 18.
BAL fluid was coll d on day 19. Samples for | | lysis were prepared on day 19,
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FIG E3. ROG"'" and ROG™'~ mice were sensitized with OVA and underwent inhalation challenge of OVA or
PBS. A, Semig tita snalysis of the abundance of PAS-positive mucus-containing cells. *P < .01, Stu-
dent t test. B, One day after the last OVA inhalation, AHR In response to increasing doses of methacholine
was measured in a whole-body plethysmograph. Mean enhanced pause (Penh) values (6 mice per group)
are shown with SDs, Three Iindependent experiments were performed, and simlilar results were obtained.
*P < .01, Kruskal-Wallis test,
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FIG E4. Enhanced proliferati p In ROG™'~ T celis. A, Splenic CD4 and CDE T cells from ROG ™'~
mice were stimulated with indicated doses of immnhlliud anti-TCRE mAb (3 wg/mL) for 2 days, and prolif-
erative response was assessed. Mean tritiated thymidine incor ianin am:h I issh with SDs. B,
Splenic CO4 T cells from nos‘" xDO11,10 Tg mice or BT cells from AOG "~ x OT- Tg mice wera labaled
with carboxyfl imidyl ester and were d with antigenic peptide (0.1 wmol/L) plus ir-
radisted APCs (Thy1.2-negative cells) in the presence of IL-2 (25 U/mL) for 48 hours. C, Splenic CD4 T cnllt
from ROG ™'~ x DO11.10 Tg mice ware stimulated with indicated doses of igeni ide and irradi
BALB/c APCs (Thy1.2-negative celis) for 2 days, and antig ide-induced proliferative respanse was

assessed. Mean tritiated thymidine incorporation in sach I:I.IhUl'! I; shown with SDs.
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FIG ES. Incressed T,2 cell differentiation of ROG " T cells under neutral
conditions in vitro. Naive (CD44'™) CD4 T cells from ROG '~ x DO11.10 Tg
mice were purified by means of cell sorting and stimulated with indicated
doses of antigenic peptide plus irradiated APCs (Thyl.2-negative cells)
under neutral conditions for 5 days. The results are representative of &
axpariments,
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