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occupation of the invariant Y14 receptor with a-GalCer on
DC. The tonic expansion observed in the in vitro culture
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Figy. 3. Down-regulation of the invariant V14 receptor and survival
of Va14 NKT cells after a-GalCer stimulatien. (A) Quantification of
rearranged Vai4-Ja281 genomic DNA. The relative amounts of
Vald-Jo281 (left panel, upper) and TCR Co (left panel, lower)
genomic DNA from spleen cells stmulated with a-GalCer-DC were
quantified by means of real-time PCR using Tagman probes. The
amounts of rearranged Val4-Jo281 genomic DNA were first
compensated with that of TCR Ca and relative amounts of V14—
JaZ81 ganes were calculated using an external standard prepared
from V14 NKT hybricoma cells (data not shown). Relative amounts
of genomic Val4-Jo281 are platted (right panel}. Representative
data from three independent experiments ara shown with SD. (B)
Study of Va14 NKT cell destiny using Ly-5.1 and Ly-5.2 C57BU/6
mice. Electronically sorted liver V14 NKT cells frem Ly-5.1 mice
were mixed with spleen cells from Ly-5.2 mice at a ratio of 1:9 and
ce-cultured with a-GalCer-DC, The expression of the invariant Ve14
receptor was monitored with «-Galler/CDid tetramer. The
percentage of cells in each subset is indicated. Raprasentative data
from two independent experiments are shown. (C) Cell division of
V14 NKT cells after a-GalCer stimulation. Electronically sorted lver
V14 NKT cells from Ly-5.2 mice were lzheled with CFSE, mixed
with Ly-5.1* spleen cells &t a ratio of 1:9 and pulsed with «-GalCer
or vehicle, The cell division of Ly-5.2* Val4 NKT cells was
monitored  at  the indicatled time points afer stimulation.
Reprasentative data from twe independent experiments are showr.
N.. = not determined

{Fig. 2B), where there was no supply of Vald4 NKT cells,
prompted us to hypothesize that a-GaiCer/CD1d tetramer-
reactive V14 NKT cells disappear, causing down-regulation
of the Va 14 receptor, but are not eliminated.

To examine this hypothesis, we carried out a kinetic PCR
anelysis to rigorously measure the quantity of rearranged
geromic Val4-Ja281 upon receptor activation (Fig. 3A).
When the relative numbers of Val14-Ja281 genomic coples
were compared after an appropriate compensations had baen
made using Ce:, there was no change up 10 day 2, whereas the
curve for the day 4 culture shifted to the left {equivalent to 3.5
PCR cycles). These results showed that there was no signifi-
cant decrease in the number of Vit 14-Ja281 genomic coples
during the culture pericds from day 0 to 2, implying that most
of the V14 NKT cells were alive without sigriticant cell death
{Fig. 3A, left panel). The net increase in Yo14 NKT cell number
upon stimulation was estimated to be in the range of 11-fold
over 4 days (Fig. 3A, right panel).

The abave data suggested that Va14 NKT cells survive after
stimulation rather than succumbing to death. To further
explore this possibility, liver NK1.1* TCRpB* cells (of which
>90% are a-GalCer/CD1d tetramer-reactive V14 NKT cells)
from Ly-5.1 mice were purlffled by elactronic cell sorting,
mixed with Ly-5.2* spleen cells and stimulated with -GalCer-
DC. While Ly-5.1* Va14 NKT cells expressed the Invariant
V14 receptor prior to stimulation, administration of a-GalCer-
0C led to down-regulation of their invariant V14 receptor by
day 2, resulting in a significart decrease in the number of Ly-
5.1+ V14 NKT cells (Fig. 38, ¢f day 0 and 2).

It is, however, of importance (o note that the Ly-5.1* Va14
NKT cells stayed alive even after «-GalCer-DC stimulation
(Fig. 38, day C4). As observed previcusly, «-GalCer/CD1d
tetramer-reactive Val4 NKT cells reappeared on day 3
(Fig. 38, day 3} and the number of Ly-5.1* Va14 NKT cells
subsequently expanded to account for »18% of total cultured
cells (Fig. 3B, day 4). These results clearly demonstrated that
Ly-5.1* Va14 NKT cells down-regulate their invariart Va4
receptor upon a-GalCer stimulation, stay quiescert and
aventually proliferata.

We also examined whether the observed cellular expansion
accompanied cell division by labeling cells with CFSE.
Electronically sorted liver NK1.1+#TCR$* cells from Ly-5.2
mice were labeled with CFSE and mixed with unfractionated
Ly-5.1+ spleen cells. These mixtures were stimulated with -
GalCer or vehicle. It was not until 57 h after stimulation that cell
division could be detected only in cells activated with o-
GalCer (Fig. 3C, upper panel and data not shown), After that
period, a-GalCer-stimulated cells continued to divide. In
markad confrast, vehicle-stimulated Vai4 NKT cells showed
Itttls, It any, cell division (Fig. 3C, lower panel), These results
indicated that a-GalCer promotes V14 NKT cell proliteration
and further underpinned the above hypothesis.

Va14 NKT cells are relatively resistant to apoptosis Induced
by receptor activation

The above data, however, did not exclude the possibility that a
limited number of Ya14 NKT cells undergo apoptosis upon
activation. We thus examired, by Annexin-V staining, whether
Va14 NKT cells underwent apoptosis upeon stimulation. A
comparison of Annexin-V staining upon anti-CD3 mAb stimu-
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lation showed less staining for Vatd NKT cells relative to
conventional T cells (TCRP*NK1.17) at all time peoints exam-
ined (Fig. 4A, left panel), suggesting that, albeit weakly, Va4
NKT cells underwent apoptosis upon receptor-mediated
activation. The number of cells that underwent apoptosis
was further evaluated by measuring the amount of released
DNA fragments by ELISA. As in the case of Annexin-V
stairing, fragmented DNA was observed in some fractions of
V14 NKT cells, but the degree of fragmentation was less than
that in conventional T cells (Fig. 4A, right parel).

To explore the molecular mechanisms underlying resistance
to apoptosis in V14 NKT cells, we compared the profile of
apoptosis-related gene expression in Va14 NKT and conven-
tional T cells through a DNA microarray study (Fig. 4B, upper
pane! and see Supplementary data). After stimulation with
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anti-CD3 mAb for 2h, RNA was extracted from Vor14 NKT cells
ard from conventional T cells, and subjected to differential
hybridization. To compare the signal intensity, we used
scattered plot analysis (Array-Gage; Fuji Film), When the
signal was normalized with HPRT, several molecules showed
increased hybridization signal in Vat4 NKT cells relative to
conventional T cells (Fig. 4B, upper and lower left panel).
Subsequent semiquantitative RT-PCR analyses confimed that
NAIP and MyD118 were Indeed up-regulated in Veld4 NKT
cells relatlve to conventional T cells (Fig. 4B, lower right panel).
We have also examined several genes that showed reduced
expression in V14 NKT cells based on scattered plot data. It
tumed out that IL-1B, an indicator of apoptosis, showed
reduced hybridization signal concomitant with decreased
mRNA expression as revealed by RT-PCR analysis when
cormpared 1o conventional T cells (Fig. 4B, lower panels) (12).
All gene expression profiles in V14 NKT cells and in
conventional T cells are available in the Supplementary data.

These differences in expression of apoplotic genes may
reflect the intrinsic nature of each cell type, We also compared
the expression of apoptosis-related genes in Va14 NKT cells
and conventional T cells prior to receptor activation. It was
found that the expression profile of these cells prior 1o receptor
activation mirrored that of post-receptor stimulation (cf.
Fig. 4B, lanes 3 and 4, and C, lanes 1 and 2). Further kinetic
studies on the expression of the indicated genes in Va14 NKT
cells in vivo revealed that, upon receptor activation, NAIP
expression increased up to day 3, while expression thereafter
gradually declired. MyD118 showed a similar expression
pattarn over time as NAIP, while the level of IL1- expression
remained constant (Fig. 4C).

Fig. 4. Va14 NKT cells are resistart fo apoptotic cell death induced
by receptor-mediated activation relative to conventional T cells. (A)
Kinatics of apoptctic cell death induced by activation in Va14 NKT
cells and convenlional T cells. Annexin-V expression levels were
analyzed in eleconically sorfed V14 NKT cells and conventional T
cells from the liver after stimulation with anti-CD3 maAb for the
indicated periods of time. The parcentage of Annexin-V-stained cells
is shown as opan circles for corventional T ¢ells and closed circle
for Va14 NKT cells (left panel). Apoplosis was also guantified by
measuring the amounts of fragmented DNA from the cells using an
ELISA kil (right panel). Representative data from two independent
experimants ara shown. (B) Apoptcsisrelatad genes are
difterentially expressed in Ve14 NKT cells stimulated for 2 h. Va14
NKT cells and conventional T cells were isclated and stimutated as
described in (A}, Total RNA was extracted and subjected to RNA
amplification. After random priming, differential hybridization was
performed. Upper panel: scattered plot analysis between NKT and
conventional T cells. Lower left panet: dilferentia! hybridization signal
on DNA array. The ratio represents the fold change of the
hybridization signal between two groups in duplicate experiments
aftar normalizing with the signat of HPRT. Lower right panel: ATPCR
detection for NAP, MyD118 and IL-1f in cells used for DMNA array
experiments. HPRT serves as a control to assure the egual amourt
of the recovered RNA. (C) Up-regulation of anti-apoptotic genes
upon receptor activation in vivo. After in vivo stimufation with a-
GalCer for the indicated periods of time, NKT cells from the spleen
were electronically sorted. HNA was exiracled from spleen NKT
cells at the indicated tima, and subjected to RT-PCR with primers for
NAIP, MyD118 and IL-1p. HPRT serves as control to ensure equal
¢DNA input in each lane. For comparisan, BNA from the same
number of conventional splesn T cells was subjected to RT-PCR
without any stimulation,
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Flg. 5. Cytckine production from re-stimulated Vol4 NKT cells. Total
spleen cells wera culiured in the presence of e-GalCer-DC as
described in Fig. 2(B) for the indicated periods of time (day 0-5).
Cells were then collected, washed and stimufated with vehicle-DC
{-) or re-stimdated with -GalCer-DC (+} for another 72 h. The
concentration of IFN-y and IL-4 in the supernatant was determined
by ELISA. Data from thrae independent expariments ara shown with
+ SD. The asterisks (* and **) indicate that the concentration was
below the detection thresheld for IFN-y (<0.16 ng/mi) or IL-4 (<156
pgiml}, respectively.

Va 14 NKT cell resistance to folerance induction after
receptor down-regulation

Since the activation of T cells often results in the loss of their
function and becomes folerant (2), the ability of Vald NKT
cells to secrete IFN-y and IL-4 upon re-stimulation with o-
GalCer-DC or vehicle-DC was examined at the indicated time
peints following the initlal o-GalCer-DC stimulation, At any
given tima point, even after the down-regulation of the Va4
receptor, activated Va14 NKT cells produced both IFN-y and
1L-4 upon re-stimulation with a-GalCer-DC (Fig. 5). In contrast,
neither IFN-y nor IL-4 production could be observed following
vehicle-DC re-stimulation (Fig. 5). These results indicate that
the activation of V14 NKT cells doss not affect cytokine
production in these cells after re-stimulation.

Discusslon

We have demonstrated that Va14 NKT cell activation results in
the subsequent down-regulation of the Vol4 receptor.
Activated V14 NKT cells remain quiescent for a while, but
eventually proliferate. However, the effector functions of
activated Val4 NKT cells, such as cytckine production,
remain intact even after receptor down-regulation. These
unique features distinguish Va14 NKT cells from other types of
effector T cells which are readily subjected to clonal deletion
or anergy upon TCR-mediated activation,

Qur present data are somewhat contradictory to the previ-
ous reports claiming that NKT cells, defined as
NK1.1+TCRp<™ cells, are extremely sensitive to IL-12- and
TCR-induced apoptosis {13). This is most evident in our in vitro
experiments where there s no provision of exogenous Val4
NKT cells or Va14 NKT cell progenitors (Fig. 2B). Under such
conditions, the rapld disappearance and subsequent expan-
sion of Vie14 NKT cells upon o-GalCer challenge cannot be
attributed to the immediate eradication of the cefls by
apoptosis. Rather, the seeming disappearance of Val4 NKT
cells is better explained by the down-regulation of the Va14
receptor. This interpretation is further supported by transter
experiments using Ly-5.1+ cells and by kinetic PCR (Fig. 3).
Still, more detailed sludies are needed to elucidate the precise

mechanism of Vo4 NKT cell number reduction following
receptor stimulation in vivo (Figs 1 and 2A). Apoptotic cell
death may play a role In this process. However, since the
exprassion of cenain antkapoptotic genes Is up-regulated
following receptor activation, it appears likely that NKT cells
hecome less susceptible to apoptosis over time (see below,
Fig. 4C}.

The molecular mechanism underlying the resistance of
V14 NKT cells to TCR-mediated apoptosis was further
explored by DNA microarray studies combined with RT-PCR

" analysis (Fig. 4B). Our results indicate that the resistance to

apoptosis of V14 NKT cells relative to conventional T cells is
primarily due to the preferential expression of anti-apoptotic
genes, such as NAIP and MyD118. NAIP belongs to the
inhibitor of apoptosis (}AP} that regulates lymphocyte sensi-
tivity to Fas-mediated apogitosis (3,14). 1AP bind activated
caspases, and target their ubiquitination and degradation via
the baculovirus IAP repeat (BIR}) motif, which eventually allows
the cells to survive upon Fas-induced signals. MyD 118, also
known as Gadd45p, was first identified as a member of the
Gadd4s family associated with cell-cycle control and DNA
repair (15,16}, MyD118/Gadd45p is induced by an apoptotic
factor, turnor necrosis factor-o, and acts as an anti-apoptotic
protein by inhiblting JNK activity (17). Since continuous
activation of JNK activity is tightly correlated with apoptosis
(18}, its inhibition results in the blocking of epoptosis. In
summary, the increased expression of anti-apoptotic genes
post-receptor activation together with the unaltered expres-
sion of IL-1P In V14 NKT cells may explain, at least in pan,
why these cells are more resistant to apoptosis than conven-
tional T celis. In the light of these data, it fs not surprising that
Va14 NKT cells are relatively resistant to apoptosis induced by
irradiation and glucocorticoid treatment (19.20). Since con-
vertional T cells comprise naive and memaory cells, a more fine
comparison in the expression of anti-apoptotic genes betwean
V14 NKT cells and conventional T cells will provide more
insight Into the anti-apoptotic mechanism in Ve14 NKT cells.

Another unique facet of Va14 NKT cells is that its effector
function, the production ¢f cytokines, Is kept intact even after
activation (Fig. 5). This indicates that Vo14 NKT cells do not
become energic upon receptor activation. In line with this,
priming o-GalCer-pulsed DC in vivo followed by re-stimulation
with e-GalCer-pulsed DC in vitro does not induce anergy in
Va4 NKT cells (21). However, we have 1o mention that the
amount of IL-4 produced by activated NKXT cells was relatively
constant regardless of the ditferent NKT cell number (Figs 2A
and 5). This may be explained, at least in part, by the fact that
IL-4 produced from the activated NKT cells is consumed by
NKT cells per se or B celis, thus culminating in the similar net
production of IL-4 (22,23).

These distinct features of V14 NKT cells may be tightty
linked to the role of Val4 NKT cells in controlling and
suppressing autoreactive effector T cells. Collectively, it is
conceivable that the nature of Vo 14 NKT cells to be resistance
fo folerance induction as well as apoptosis after down-
regulation of the invariant Va4 receptor confers on these
cells the ability 10 mediate & long-lasting regulatory function
under any given clrcumstances.

These findings will open the door to the elucidation of the
homeostasis of immunoregulatory cells.
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BACKGROUND. Small cell lung carcinoma (SCLC) and pulmonary large cell neu-
roendocrine carcinoma (LCNEC) are high-grade malignant neurcendocrine tu-
mors. Histologic differendarion between SCLC and LCNEC is difficult in some
cases and to the authors’ knowledge, genetic alterations associated with LCNEC
have not been identified. Therefore, the authors studied genetic alterations found
in LCNEC and compared them with those of SCLC and classic large cell carcinoma
(CLCC).

METHODS. Twenty-two patients with UICC TNM Stage I LCNEC, 12 patients with
Stage [ CLCC, and 11 patiemts with SCLC with limited disease were studied. All
tumors were resected completely. Loss of heterozygasity (LOH) of the tumor cells
was detected using fluorescent primers. Methylation status of the pl16 gene and
expression of the p53 protein, retinoblastoma protein, and pl6 protein were
evaluated immunohistochemically.

RESULTS. LOH at TPS3 and 13q14 was observed in most patients. The prevalence
of LOH at D351295, D351234, and D58407 was significantly higher in patents with
LCNEC and SCLC than in patients with CLCC. The prevalence of LOH at D55422
was higher in patients with CLCC and in patients with SCLC than in patients with
LCNEC. Expression of the p16 protein was observed more frequently in SCLC than
in CLCC or LCNEC. Hypermethylation of the pl6 gene was observed more fre-
quently in LCNEC than in SCLC. Patients with allelic losses ar D351234 and
D1081686 had poorer prognoses compared with patients without allelic losses at
these sites.

CONCLUSIONS. Genetic alterations of LCNEC were akin to those of SCLC, However,
allelic losses at 5q and abnormalities in the p16 gene may differentiate LCNEC from
SCLC. Cancer 2004;100:1190-8. © 2004 American Cancer Society.

KEYWORDS: lung, targe cell neuroendocrine carcinerna, small cell carcinoma, loss
of heterozygosity, methylation, p16, p53, retinablastorma protein.

I n 1999, the World Health Organization (WHO) reclassified large cell
carcinomas inte four types based on neuroendocrine morphology
by light micrescopy and neuroendocrine differentiation by immuno-
histochemistry or electron microscopy.! These four types were large
cell neuroendocrine carcinoma (LCNEC), large cell carcinoma with
neuroendocrine differentiation (LCCND), large cell carcinoma with
neurcendocrine morphology (LCCNM}, and classic large cell carci-
noma (CLCC). LCNEC has both neurcendocrine morphology and
differentiation, as shown by electron microscopy and/or immunohis-
tochemistry; LCCND lacks neurcendocrine morphology but has neu-
roendocrine markers, as observed by electron microscopy andfor
immunohistochemistry; LCCNM has neurcendocrine morphologic
features but lacks neuroendocrine markers, as observed by electron
microscopy and/or immunochistochemistry; and CLCC lacks neu-
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roendocrine morphology or differentiation, as indi-
cated by special studies.

We found that large cell carcinomas with neu-
roendocrine features (LCNF), including LCNEC,
LCCND, and LCCNM, appear to be more clinically
aggressive tumors than CLCC? Although the WHO
classified the neuroendocrine tumors into typical car-
cinoid, atypical carcinoid, LCNEC, and small cell lung
carcinoma (SCLC), the differentiation between LCNEC
and SCLC is difficult in some cases.>* Previous studies
of lung carcinomas have shown allele deletions using
a variety of methods.®® However, to our knowledge,
no comparative allelotyping of SCLC and LCNEC has
been reported. The aims of the current study were to
elucidate the genetic changes in patients with LCNEC
and compare them with patients with CLCC and with
SCLC.

MATERIALS AND METHODS

Tumor Specimens

Tumor staging was performed using the TNM criteria
of the International Union Against Cancer (UICC). We
analyzed 22 patients with Stage I LCNEC (T1NOMO or
T2NOMO). This type of tumor does tot invade adjacent
organs (T1 or T2) and has no regional lymph node
metastasis (NO) and no distant metastasis (M0). We
also analyzed 12 patients with Stage | CLCC and 11
patients with SCLC with limited disease who under-
went surgical resection at Chiba University Hospital
between 1987 and 1999. All tumors were resected
completely. We performed immunohistochemical
staining for all LCNECs and all CLCCs. Neuroendo-
crine differentiation was detected by positive immu-
nohistochemical staining for anti-chromogranin A an-
tibody, anti-synaptophysin antibody, or antineural
cell adhesion molecule (NCAM) antibody. We con-
firmed a lack of neurcendocrine differentiation in all
CLCCs. Tumor specimens were classified according to
the WHO classification system for lung carcinoma by
two expetienced pulmonary pathologists (K.H. and
H.0.). Each pathologist classified the tumor speci-
mens independently and unanimous agreement was
obtained. In addition, four patients with LCNEC and
three patients with SCLC were included in the current
study to evaluate whether there was expression of the
P53, retinoblastoma (Rb), and p16 proteins using im-
munohistochemical methods. To evaluate hyper-
methylation of the pl6 gene, two patients with SCLC
were added to the study. Informed consent was ob-
tained from all patients.

One of the 26 patients with LCNEC underwent
preoperative radiotherapy, whereas 1 of 12 with CLCC
and 7 of 14 with SCLC underwent preoperative che-
motherapy. Seven patients with LCNEC, 1 patient with
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CLCC, and 10 patients with SCLC underwent postop-
erative adjuvant chemotherapy, whereas 1 patient
with LCNEC and 1 patient with SCLC underwent post-
operative radiotherapy.

Microdissection and DNA Extraction

DNA samples were extracted from paraffin-embedded
materials. Tissue specimens were accurately removed
from four 10-um serial sections mounted on glass
slides by scraping the marked area with a needle un-
der a stereomicroscope. Tumor cells were selectively
removed from the sections to minimize contamina-
tion by normal tissue specimens. The dissected sec-
tions were digested by proteinase K over 2 nights at 37
*C, After phenol/chloroform extraction, DNA samples
were precipitated with cold ethanol overnight at -20
°C and centrifuged. The dried pellets were then resus-
pended in 50 ! Tris-ethylenediamine tetraacetic acid
buffer (Tris-EDTA).

Polymorphic DNA Markers and Polymerase Chain
Reaction-Loss of Heterozygosity

To evaluate loss of heterozygosity (LOH), 13 microsat-
ellite markers were used: D351234 (3p14.2), D351481
(3p14.2), D381295 (3p21.1), D351581 {3p21.3), D55407
{5q11), D5S410 (5931.3), D58422 (5q33), D9S171
(9p21), IFNA (9p22), D10S249 (10pl5.3), D10S1686
{10g22.3), D135153 (13q14), and ALE3/P53ivs1b(TP53).
The forward primers were labeled at the 5" end with
the fluorochromes 6-FAM (blue), VIC (green), or NED
(yellow),

Polymerase chain reaction (PCR) was performed
with a PCR thermal cycler MP (Takara, Otsu, Japan).
The PCR reactions were comprised of 2.5 mmol/L
deoxynucleotide triphosphates, 40 pmol/L each
primer, 1.25 U Gene Taq (Nippon Gene, Toyama, Ja-
pan), 20 mmol/L Tris-HCl (pH 8.0), and 15 mmol/L
MgCl,. The PCR program was comptised of a dena-
turation cycle at 95 °C for 5 minutes and 85 °C for 3
minutes (to allow for the addition of Gene Tagq}, fol-
lowed by 40 cycles of 95 *C for 30 seconds, 55~ 60 °C for
30 seconds, 72 °C for 30 seconds, and 72 °C for 10
minutes.

The loading mix was prepared with 12 pl of deien-
ized formamide, 0.4 ul GeneScan internal lane size
standard (Applied Biosystems, Foster City, CA), and
6-FAM, VIC, or NED-labeled PCR products that were
prediluted with water. Samples were denatured for 5
minutes at 95 °C, then cooled by placing directly on ice
and loaded onto the ABI Prism 3100 genetic analyzer
(Applied Bicsystems). The fluorescent bands were la-
ser scanned and the data were stored electronically.
The data were processed using the software package
ABI GeneScan {Applied Biosystems). LOH was defined
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as a reduction of the peak height of an allele by = 50%
in the tumor, compared with the normal sample.

Calculation of Fractional Regional Loss Index

The fractional regional loss (FRL) index was calculated
as follows: FRL index = (total number of chromosomal
regions with LOH}/(total number of informative re-
gions).

Methytation Analysis

The methylation state of the p16 gene was evaluated
by methylation-specific PCR as previously reported.”
Briefly, genomic DNA samples ate modified by treat-
ment with sodium bisulfite, which converts all un-
methylated cytosines to uracil, then to thymidine dur-
ing the subsequent PCR step. DNA samples are then
purified using Wizard DNA purification resin (Pro-
mega, Madison, WI}, desulfonated with NaQH, precip-
itated with ethanol, and finally suspended in a Tris-
EDTA buffer. Two sets of primers are used to amplify
each region of interest. One pair recognizes a se-
quence in which CpG sites are unmethylated (bisulfite
modified to UpG) and the other pair recognizes a
sequence in which CpG sites are methylated (unmod-
ified by bisulfite). PCR amplification was performed
using 60 ng of treated DNA samples as the template.
Forty cycles of amplification were used in the analysis
of modified DNA samples. PCR products were loaded
onto 4.0% agarose gels, stained with ethidium bro-
mide, and visualized under ultraviolet illumination.

Immunchistochemistry
All tumor specimens were evaluated by immunchis-
tochemical staining. Four-micrometer sections were
cut from formalin-fixed, paraffin-embedded tissue
specimens and placed on silanized slides (Dakopatts,
Glostrup, Denmatk). They were stained with poly-
clonal anti-chromogranin A antibody (prediluted)
(Nichirei, Tokyo, Japan}, polyclonal anti-synaptophy-
sin antibody (prediluted; Dakopatts), monoclonal
anti-NCAM antibody (prediluted) (Zymed, San Fran-
cisco, CA), monoclonal antibody (MoAb) DO-7 (1:800;
Dakopatts), which reacts with both wild-type and mu-
tant p53 protein, monoclonal anti-pl6é protein anti-
body (1:50; Pharmingen, San Diego, CA), and mono-
clonal anti-Rb protein antibody (1:50; Pharmingen).
A Histofine simple stain kit (Nichirei) was used for
immunostaining. To improve the staining pattern, the
tissue specimens were pretreated by microwaving for
15 minutes in citrate buffer (10 mmol/L, pH 6.0) be-
fore staining with anti-NCAM antibody, DO-7, anti-
p16 protein antibody, and anti-Rb protein antibody,
or by autoclaving at 121 °C for 15 minutes before
. staining with anti-synaptophysin antibody. DO-7 im-
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FIGURE 1. GeneScan results of microsatellite analysis using ALE3/PS3ivs1b.
The fluerescence of one peak was observed at hase pair (bph 115, both In the
amplified product derlved from the DNA samples retrieved from tumor (1T} and
normal (IN; homozygous) specimens. The fluorescence signals of two peaks
were gbserved at bp 115 and 120 In the amplified product derived from the
DNA sample of 2N. However, the fluorescence of 1 peak at bp 120 was
decraased in 27 (logs of heterozygosity). The fluorescence signals of two peaks
at bp 110 and 115 were observed in the amplified product derived from the
DNA samples of 3T and 3N (heterozygous).

munoreactivity was classified as positive when the
proportion of positively stained cells was > 10% of all
tumot cells. Rb and p16 protein immunoreactivity was
classified as positive when the nuclei of the cells were
stained.

Survival Analysls

The length of disease-free survival was defined as the
interval between the date of surgery and the time of
first local or distant disease recurrence, This was eval-
uated using the method of Kaplan and Meier.® The
curves obtained were compared with the log-rank test
results.

Statistical Analysls

The Fisher exact test was used to evaluate the preva-
ience of LOH, methylation status, and the immuno-
histochernistry results for the various lung carcinoma
subtypes. Differences in FRL indices among the three
types of lung carcinoma were tested by the Mann-
Whitney U test. Probability values of P < 0.05 were
regarded as statistically significant.

RESULTS

Microsatellite Analysis

Representative results are shown in Figures 1 and 2
and a summary of the analysis is shown in Table 1.
Allelic losses at TP53 and at 13q14 were frequent in the
three types of lung carcinoma analyzed in the current
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FIGURE 2, Schematic representation of the
delstion map for the tumors studied. BB LOH ki hetarorygous 2] homozygous not ampiified
TABLE 1
Rates of Allelic Loss among Lung Carclnomas Related to Chromosomal Reglons and Markers
Pvalues for P values for
Markers Region cce LCNEG SCLC CLCC and LCNEC CLCC and SCLC
D3s1ZH Ipld.2 3710 (30.0) 12/18 (66.T) 718 (87.5) 06426 0.0248°
D351481 Ipld.2 0/0 9/11 B1.9) U5 (60.0)
D3512%5 3p2ll 05 ) 9/10 (90.0) 515 (100) 0.0020* 0.007°
331561 Ip2l3 119 (LY 6/11 (54.5) 517 (714 0.6350°
any 3p 4110 {10 20121 (95.2) 10711 (90.9) 0.0017* 0.0537°
D5s407 5ql1 218 (25.00 12416 (75.0) 819 (88.9) 0.0324* 0.0152
D58422 5q33 55 {100) 310308 8/10 (80.0) 0.0256*
D540 5q31.3 0/3 (0) 517 [114) 47 G}
DSSIT] 9p2l 02 O 2/6 (333 it}
IFNA Sp22 214 (50.0) 419 444) 14 @5.00
DICS249 t0pl5.3 16 {16.7 6/14 129 4110 (20.0)
DI0SIGEG 10q22.3 113 (33 112 (50.00 23 66T
Diasis3 I3g14 5% {53.6) 1113 (84.5) 33 (0
ALE3/P53ivsib TPS3 7110 {76.0) 10/14 (714) 6/6 (106)

CLCC: chassie Yarge cell careinoma; LONEC: karge cell necroendocring cazcinorma; SCLC small cell hung carcinoma.

* Statistically significant difference between CLOC and LONEC.
© Suatisticaly significant difference between CLCC and SCLC.

study. Allelic losses at D351295 were more frequent in
LCNEC and in SCLC than in CLCC. The difference in
frequency between SCLC and CLCC and between LC-
NEC and CLCC was statistically significant (P = 0.007¢
and P = 0.0020, respectively). Allelic losses at D351234
were more frequent in LCNEC and in SCLC than in
CLCC. The difference in frequency between SCLC and
CLCC and between LCNEC and CLCC was statistically
significant (P = 0.0248 and P = 0.0426, respectively).
Allelic losses at D351581 were more frequent in SCLC
than in CLCC and the difference was statistically sig-
nificant {P = 0.0350}. Allelic losses at D5S407 were also

more frequent in LCNEC and in SCLC than in CLCC,
The difference in frequency between SCLC and CLCC
and between LCNEC and CLCC was statistically sig-
nificant (P = 0.0152 and P = 0.0324, respectively).
Allelic losses at 1155422 were more frequent in CLCC
and in SCLC than in LCNEC. The difference in fre-
quency between CLCC and LCNEC was statistically
significant (P = 0.0256).

LOH was observed frequently in one or more of
the microsatellite markers on 3p in LCNEC and SCLC.
Allelic losses at one or more of the microsatellite
markers on 3p were observed in 20 of 21 informative
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FIGURE 3. Methylation-specific polymerase chain reaction (PCR) of the p16
gene. The presence of visible PCR product in Lanes U and M indicates the
presence of urmethylated and methylated genes, respectively. (Lanes 1-4)
Large cell neurcendocsine carcinoma, (Lanes 5, 6) Classic large cell carcinoma.
{Lane 7) Small cell carcinoma.

cases of LCNEC {95.2%), 10 of 11 informative cases of
SCLC (90.9%), and 4 of 10 informative cases of CLCC
(40%). The difference in frequency between SCLC and
CLCC and between LCNEC and CLCC was statistically
significant (P = 0.0237 and P = 0.0017, respectively).
However, the difference between LCNEC and SCLC
was not statistically significant.

The FRL index was used to compare the overall
LOH frequencies. The mean FRL was higher in SCLC
(0.74) and in LCNEC (0.62) than in CLCC {0.38). The
differences between CLCC and LCNEC, and between
CLCC and SCLC, were statistically significant (P
= 0.0031 and P = 0.0015, respectively), but the differ-
ence between LCNEC and SCLC was not significant (P
= 0.1941}). The mean FRL of 3p was higher in SCLC
(0.84) and in LCNEC (0.75} than in CLCC {0.20). The
differences between CLCC and LCNEC, and between
CLCC and SCLC, were statistically significant (P
= 0.0010 and P = 0.0012, respectively}, but the differ-
ence between LCNEC and SCLC was not significant (P
= 0.4275).

Hypermethytation of the pi6 Gene

Representative results are shown in Figure 3. Hyper-
methylation of the pl6 gene was observed in 4 of 12
informative cases of CLCC (33.3%), in 7 of 18 informa-
tive cases of LCNEC (38.9%), and in none of the 12
informative cases of SCLC (0%). There was a statisti-
cally significant difference in the frequency of hyper-
methylation of the pl6 gene between LCNEC and
SCLC (P = 0.0242).

Immunohistochemistry

Because the p53, Rb, and pl6 proteins are nuclear
molecules, only nuclear activity was recorded in the
current study. Expression of these proteins was eval-
uated by staining with the MoAbs DO-7, anti-Rb, and
anti-p18, respectively. Normal lung tissue specimens
generally showed negative nuclear staining for the
p53, Rb, and pl6 proteins. A summary of the results is
shown in Table 2. The frequency of pl6 expression

TABLE 2
Summary of Inmunchistochemical Staining Results
Characteristics CLCC LCNEC SCLC P values
Rb
Positive 5 9 1
Negative 7 17 13
plé
Positive 9 15 13 0.0029*
Negative 8 ] 1 0.c301%
Do7
Positive [ 15 11
Negative [ 1l

CLOC: classic Barge cell carcinomma; LONEC large cell neuroendocring carcinoma; SCLC: small cell lung
Grclnoma

* Statistically significant difference between (LCC and SCIC.

® Qatistically significant difference between LONEC and SCIC.

was significantly higher in SCLC than in CLCC (P
= 0.0029) and in LCNEC (P = 0.0301}. The difference
between LCNEC and CLCC was not statistically signif-
icant. In SCLC, methylation of the p16 gene was not
cbserved and the pl6 protein was expressed in all but
one patient, Of 1! nonsmall cell lung carcinomas
(NSCLCs) harboring hypermethylation of the pl6é
gene, 9 showed an absence or lowering of protein
expression and two showed highly positive staining for
the p16 protein.

pl6-negative lung carcinomas tended to express
Rb protein, whereas pl6-positive lung carcinomas did
not. Staining of tumors with anti-p16 MoAb correlated
with staining of the tumor with anti-Rb MoAb (P
<< 0.0001). All patients with SCLCs, except one, ex-
pressed pl6 protein but not Rb protein. One SCLC was
accompanied by a squamous cell carcinoma. Most of
the tumor specimen was a squamous cell carcinoma
and approximately 10% of the tumor specimen
showed the characteristics of SCLC. The SCLC com-
ponent stained with anti-p16 MoAb but not with anti-
Rb MoAb, whereas the squamous cell carcinoma com-
ponent stained with anti-Rb MoAb but not with anti-
pl6 MoAb (Fig. 4).

Survival Analysis

The Kaplan-Meier method was used to evaluate sur-
vival. The 5-year disease-free survival rate of patients
with SCLC and LCNEC was lower than that of patients
with CLCC (44.4%, 53.0%, and 63.6%, respectively).
However, the difference was not statistically signifi-
cant (P = 0.1241; Fig. 5A). Patients with allelic losses at
D351234 had poorer prognoses than patients without
allelic losses. This difference was statistically signifi-
cant (P = 0.0481; Fig. 5B). Patients with allelic losses at
D1051686 had poorer prognoses than patients without
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FIGURE 4. immunchistochemisty for the p16 protein and retinoblastoma
{Rb) proteins in combined smalt call lung carcinoma (SCLE) with squamous cell
carcinoma (A} Immunchistochemistry using an anti-p18 protein menoclonal
antibody (MoAb). The SCLC component stained with the anti-p18 antibody but
the squamous cell carcinoma component (right lowen did not stain. (B}
Immunchistochemistry using an anti-Rb protein MoAb. The squamous cell
carcinoma component {right lower) stained with the anti-At MoAb but the SCLC
component did not stain,

allelic losses. The difference was statistically signifi-
cant (P = 0.0266; Fig. 5C). Of 22 patients with tumors
harboring 1LOH at D3S1234, 8 underwent postopera-
tive chemotherapy or radiotherapy and 14 did not. Of
14 patients with tumors without LOH at D351234, 3
underwent postoperative chemotherapy and 1% did
not. There was no significant difference in the fre-
quency of adjuvant therapy between patients with
tumors harboring LOH at D351234 and those without
LOH. Of four patients with tumors harboring LOH at
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D10S18686, two underwent postoperative chemother-
apy and two did not. Of four patients without LOH at
D10S1686, one underwent postoperative radiother-
apy, and three did not. There was no significant dif-
ference in the frequency of adjuvant therapy between
patients with tumors harboring LOH at D1051686 and
those without it. Allelic losses at other sites did not
appear to influence the survival of the patients stud-
ied. The 5-year disease-free survival rate for patients
with an FRL = 0.7 was significantly lower than for
those with an FRL < 0.7 {43.7% and 61.9%, respec-
tively; P = 0.0050), Patients with an FRL = 0.8 had a
significantly worse prognosis compared with those
with an FRL < 0.8 (39.2% and 62.5%, respectively; P
= 0.0021; Fig. 5D). Patients with an FRL = 0.9 had a
significantly worse prognosis compared with those
with an FRL < 0.9 (25.0% and 57.3%, respectively; P
= 0.0123). The methylation status of the p16 gene did
not influence patient survival, nor did immunoreac-
tivity against DO-7, the anti-Rb antibody, and the anti-
pl6 protein antibody.

DISCUSSION

Distinguishing LCNEC from SCLC can be difficult in
some cases. In a study by Travis et al.,® there was
unanimous diagnostic agreement in 70% of SCLCs
and 40% of LCNECs in surgically resected neuroendo-
crine tumors of the lung that were reviewed indepen-
dently by five pulmonary pathologists. Most of the
disagreements concerned the distinction between
SCLC and LCNEC. Marchevsky et al.* reported that
SCLC and LCNEC demonstrated a continuum of cell
size. The distinction between LCNEC and SCLC is
important because SCLCs respond initially to chemo-
therapy but LCNECs do not.

According to Knudson's two-hit theory,” loss of
function of tumor suppressor genes requires that both
alleles be inactivated. One allele is inactivated by al-
lelic loss, whereas the other allele is inactivated by
muttiple mechanisms including point mutations, ab-
errant methylation, or other changes that target the
individual tumor suppressor gene. Tumor-specific de-
letions at chromosomal regions suggest the presence
of underlying tumor suppressor genes. It is speculated
that an accumulation of genetic changes occurs in the
development of lung carcinogenesis'®!! and that the
tumor progresses to a more aggressive stage due to
accumulation of these defects.'?

Recently, a genome-wide high-resolution search
for LOH was performed on SCLC and NSCLC cell
lines.>® These studies showed that some losses are
common to both SCLC and NSCLC subtypes, whereas
others are subtype specific. It has been suggested that
SCLC and NSCLC frequently undergo different genetic
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alterations. Onuki et al.'* evaluated LOH at 3p, 5q,
11q, 13q, 17p and mutations at the p53 and ras genes
in carcinold tumors, SCLCs, and LCNECs. They found
that the majority of these changes were present in
SCLCs and in LCNECs. However, tumor stages were
not reported and the authors did not compare these
changes with those in CLCCs. Ullmann et al.'* re-
ported that both SCLC and LCNEC shared several
chromosomal aberrations, specifically losses of 3p, 4q,
5g, and 13q and gains of 5p as demonstratd by com-
parative genome hybridization. However, they sug-
gested that these aberrations could be found in nearly
all lung carcinomas. They also showed that a gain of
3p and a loss of 10q and 17p were observed frequently
in SCLC but not in LCNEC. Gugger et al.!® reported
that c-myc amplification was observed with a similar
frequency in SCLC (20%) and LCNEC (23%).

We evaluated the LOH of Stage | LCNEC and
CLCC to elucidate the early genetic changes in neu-
roendocrine tumors. We then compated the changes
with those of SCLC, which is believed to be an aggres-
sive type of lung carcinoma. LOH at TP53 and 13q14
was observed frequently in all subtypes. LOH at

™

Survival (mos)

tioral regloral loss (FRL) versus those with a
low FAL. Patients with an FRL = 0.8 had a
significantly worse prognosis compared with
thoss with an FRL < 0.8 (P = 0.0021).
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3pl14.2, 3p2l, and 5911 was observed more fre-
quently in LCNEC and SCLC than in CLCC. These
results suggest that LOH at TP53 and 13ql4 is req-
uisite in the development of CLCC, LCNEC, and
SCLC, but LOH at 3p and 5q11 is requisite in the
development of LCNEC and SCLC. LCNEC is akin to
SCLC in terms of loss of alleles at TP53, 13q14, 3p,
and 5ql1. It is interesting to note that allelic loss at
5q33 was observed frequently in CLCC and in SCLC,
but less frequently in LCNEC.

The cyclin-dependent kinase inhibitor, p16, is an
important component of cell cycle regulation.'¥ The
mechanisms by which p16™** is inactivated in pa-
tients with NSCLCs occur by either homozygous dele-
tions or hypermethylation of the CpG istands or
mutations of the p16'™** gene.'™"® The immunohis-
tochemical detection of plé is considered to be a
sensitive and reliable method for studying the inacti-
vation of pl6™*** in lung tumors.'® The results of the
current study show that lack of p16 protein expression
is observed more frequently in CLCC and in LCNEC
than in SCLC. All but one of the SCLC tumor speci-
mens expressed pl6 protein. The prevalence of pl6
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protein expression was not different between CLCC
and LCNEC.

pl6-negative lung carcinomas expressed Rb pro-
tein whereas pl8-positive lung carcinomas did not.
This was especially evident in specimens of SCLC.
None of the pl6-positive tumor specimens expressed
Rb protein, whereas one pl6-negative tumor speci-
men expressed Rb protein. This finding supports the
feedback mechanism of Rb to the level of
pl6™K4A20-2 A combined small cell and squamous
cell carcinoma specimen showed reciprocal expres-
sion of the Rb and pl16 proteins. This finding shows
that SCLC had developed with the loss of function of
Bb and pl6 protein expression, whereas squamous
cell carcinoma had developed while maintaining the
function of the Rb protein.

Aberrant methylation of normally unmethylated
CpG islands that are located in or near the promoter
region of many genes has been associated with tran-
scriptional inactivation of turnor suppressor genes in
human carcinomna. Several genes are frequently meth-
ylated in primary lung tumors, including the pl5 gene.
Aberrant methylation of the p16 gene was detected in
precursor lesions of lung carcinomas and is an early
event in lung carcinogenesis.?® Although the fre-
quency of pl6 gene methylation is repotted to be
25-41% in patients with NSCLC,** Its frequency is
lower in patients with SCLC.2% We detected methyl-
ation of the pl6 gene in 33.3% of patients with CLCC
and the frequency was comparable to that found in
previous reports. The frequency of pl6 gene methyl-
ation was 47.6% in LCNEC, which was comparable to
the rate in CLCC. However, methylation of the pi6
gene was not observed in SCLC (0%).

We analyzed pulmonary neuroendocrine carcino-
mas and found that the prognoses of patients with
LCNF, which include LCNEC, LCCNM, and LCCND,
are worse than those of patients with CLCC? and are
comparable 1o those of patients with SCLC.*® Onuki et
al.!® reported that LOH at 3p21, the fragile histidine
triad (FHIT) gene, 3p22-24, 5921, 9p21, and the Rb
gene correlated with poor survival of patients with
neuroendocrine tumors. However, they studied high-
grade neuroendocrine and carcinoid tumors together
and nearly all of the high-grade neuroendocrine tu-
mors were associated with multiple genetic changes
and shorter survivals.

The 3pl4.2 region, hatbored by the markers
D351300-D351234, is the locus of the FHIT gene. The
FHIT gene is frequently abnormal in lung carcinomas.
LOH at the FHIT gene locus was observed more fre-
quently in smokers than in nonsmokers, suggesting
that FHIT is a molecular target of tobacco smoke
carcinogens.” A decrease in FHIT protein expression
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correlated with increased proliferation and larger tu-
mors in patients with breast carcinoma.®® We exam-
ined LOH at 3p14.2 in high-grade neuroendoctine car-
cinomas and CLCC and found a statistically significant
correlation between LOH at 3p14.2 and a poor prog-
nosis (P = 0.0481), These results suggest that the FHIT
protein may regulate cell proliferation and loss of al-
leles at the 3p14.2 region may induce the proliferation
of tumor cells.

LOH studies have reported a high frequency of
deletion at 10q in diverse neoplasms.?®*—! Petersen et
al 3 analyzed lung carcinomas for allelic losses on
chromosome 10q. They reported that a high incidence
of LOH between 10q21 and l0gter in SCLC and met-
astatic squamous cell carcinoma was observed and
that the presence of LOH correlated significantly with
advanced tumor stages. Gasparotto et al.*? reported a
significant association between LOH at 10q and a poot
prognosis for patients with head-and-neck squamous
cell carcinoma. They suggested that 10q may harbor
tumot suppiessor gene(s) involved in the progression
and aggressiveness of tumors of the upper aerodiges-
tive tract. Although few cases were informative for the
evaluation of LOH at D1081686 in the current study,
survival among patients with LOH at D1051686 was
significantly poorer than among patients without
LOH. Further analysis of the prognostic importance of
LOH at 10q in lung carcinoma will be required.

Allelic losses at TP53 and 13q14 occur in patients
with early-stage CLCC, LCNEC, and SCLC. Allelic
losses at 3p occur both in LCNEC and SCLC, but not in
CLCC. Abnormality of the pl6 gene was observed fre-
quently in CLCC and LCNEC, but not in SCLC. Cur
results show that neuroendocrine differentiation in
large cell carcinoma reflects specific genetic changes
within the individual neoplasms.
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Abstract

Thioredoxin (TRX) superfamily proteins that contain a conserved redox-active site -Cys-Xa.a.-Xa.a.-Cys- includes proinflammatory cy-
tokine, macrophage migration inhibiting factor (MIF) and the immune regulatory cytokine, glycosylation inhibiting factor {GIF) in which
Cys-60 is cysteinylated. In this report, we have analyzed the functional interaction between TRX and MIF/GIF. The stable Jurkat T cell line
transfected with human TRX gene (TRX-transfectant) was highly resistant to hydrogen peroxide-induced apoptosis, but not the cell line trans-
fected with vector (mock-transfectant). The expression level of MIF/GIF protein of TRX-transfectant was lowerthan that of mock-transfectant.
Conversely, the expression leve! of intracellular TRX protein in CD4*-T cells derived from MIF —/— mice were significantly higher than
that from background BALB/c mice. These findings collectively suggest that oxidative stress-induced apoptosis on T lymphocytes might be
protected by the reciprocal regulation of TRX and MIF/GIF expression.
© 2004 Elsevier B.V. All nghts reserved.

Keywords: Thioredoxin (TRX); Redox; GIFMIF

1. Introduction including viral infection and anti-cancer agents. It was re-

cently reported that antigen-presenting cells secrete TRX

Thioredoxin (TRX) is a 12kDa protein with redox-active
dithiol in the conserved active site; -Cys>2-Gly-Pro-Cys*-
[1]. Human TRX was originally cloned as a soluble factor
named adult T-cell leukemia-derived factor (ADF) pro-
duced by human T cell leukemia virus type-l transformed
ATL2 cells [2]. TRX superfamily in mammalian possessing
the redox-active site; -Cys-Xa.a -Xa.a-Cys- is composed
of 17 proteins; TRX, TRX-2 [3}, spTRX [4], TMX [5]
or etc. TRX is induced by a variety of oxidative stresses

* Comesponding author. Tel.: +81.75-751-4024;
fax: +81-75-761-5766.
E-mail address: yodoi @virus.kyoto-u.ac.jp (I. Yodoi).

0165-2478/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi: 10.1016/j.imlet 2003.11.030

for the activation of T lymphocytes [6]. Although the re-
leasing mechanism is stilt unclear, the secretion of TRX
is associated with the ceflular resistance to cisplatin- or
ethanol-induced oxidative stress [7,8]. Intracellular TRX
plays crucial roles in the scavenging of reactive oxygen
species with peroxiredoxin, the regulation of redox-sensitive
transcription factors including AP-1 and NF-xB or the neg-
ative regulator of apoptosis signal-regulating kinase (ASK)
1, suggesting that TRX functions for redox regulation of
the apoptosis signal transduction pathway as well as the
elfects of antioxidants against cylokine- and stress-induced
apoptosis [9]. As other TRX family proteins for regulation
of apoptosis, proinflammatory cytokines or immune re-
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sponse, macrophage migration inhibiting factor (MIF) and
glycosylation inhibitory factor (GIF) are addressed [10].
Although MIF and GIF share an identical structure gene,
the generation of immunosuppressive activity of GIF is re-
quired for cysteinylation at Cys® in the redox-active site;
-Cys*’-Ala-Leu-Cys® [11]. MIF is a pivotal mediator of
innate immunity and sustains macrophage proinflammatory
function by inhibiting p53 [12,13]. It is recently reported
that MIF is a modulator of pro-oxidative stress-induced
apoptosis of HL-60 [14]. An interest has herein arisen how
TRX and MIF/GIF regulate oxidative stress-induced apop-
tosis of T lymphocytes. We reveal that both oxidative stress
and overexpression of intracellular TRX suppress MIF ex-
pression in T cell line and TRX expression is accelerated
in CD4* T cells derived from MIF-deficient mice.

2. Materials and methods
2.1, Reagents and cells

Jurkat (human T lymphocyte cell line) cells were cul-
tured in RPMI 1640 medium supplemented with 10%
heat-inactivated fetal calf serum, 100 units/ml penicillin,
and 100 pg/ml streptomycin in 5% COz at 37°C, CD4+ T
cells were purified from spleens of MIF —/— mice [15] by
using magnetic beads (Miltenyi Biotec, Bergisch Gladbach,
Germany).

2.2. Plasmid DNA

The DNA fragments for encoding TRX gene were am-
plified by PCR method using the pcDNA3.1 encoding
human TRX c¢DNA as template [2] and were inserted to
p3xFLAG-CMV-10 vector (Sigma-Aldrich).

2.3. Stable transfectants for TRXs

For stable expression of the TRX gene and pro-
tein, Jurkat T cell line was transfected with 10pg of
TRX-cDNA/p3XFLAG-CMV-10 plasmid DNA by using
electroporation on the condition of a single brief electronic
pulse of 800 V/cm and duration of 20-24 ms at room tem-
perature (Gene Pulserll, Bio-Rad). The transfectants were
cultured in RPMI11640 containing 400 pg/ml of neomycin
{G418) (Nacalai tesque) to screen stable transfectants. The
drug-resistant bulk population of the cells was cloned by
limiting dilution. Expression of TRX protein on the cells
was confirmed by Western blot analysis. To avoid variation
among clones, three randomly selected clones were tested,

2.4, Assay for apoptosis
After the cells were stimulated with H2O5 for 24 h, the

cell lysate was prepared with lysis buffer including the 1%
Nonidet P40 in 50 mM Tris-HCl (pH7.5) for the measure-

ment of caspase-3 activity whereas the cells were treated
with 50 pg/m! propidium iodide (Calbiochem) for the mea-
surement of sub-G1 DNA content by flow cytometer (FAC-
SCalibur, Becton Dickinsen) using CELLQUEST software,
respectively [16]. The caspase 3 activity in this lysate was
measured by a flucrometer (Spectra Fluor, Tecan) as previ-
ous described [17].

2.5. SDS-PAGE and Western blot analysis

SDS-PAGE was performed through 4% stacking and 15%
separating gels by electrophoresis system (Mini Protean III
Cell, Bio-Rad). For Western blotting, the proteins separated
by SDS-PAGE gel were transferred to a polyvinylidene di-
Ruoride (PVYDF) membrane (Immobilon-F, Millipore) using
a semi-dry electrophoresis transfer apparatus (Trans-Blot SD
Semi-dry Transfer Cell, Bio-Rad), Membranes were blocked
with phosphate buffer saline (PBS) containing 0.05% (v/v)
Tween 20 (PBS-t) including 5% skim milk (blocking buffer)
for L h at 4°C, For the detection of FLAG-tagged proteins,
the membrane was incubated with blocking buffer includ-
ing horseradish peroxidase-conjugated anti-FLAG Ig (FLAG
M2, Sigma—Aldrich) for 1 h. For the detection of MIF/GIF
protein, the membrane was incubated with blocking buffer
including rabbit anti-GIF polyclonal antibodies [11] for 2h,
followed by horseradish peroxidase-conjugated anti-rabbit
Ig (Amersham Biosciences) for 1h. After washing with ex-
cess PBS-t buffer, the protein band was detected by ECL
or ECL Plus Western blotting detection system (Amersham
Biosciences).

3. Results

3.1. Hydrogen peroxide-induced apoptosis is inhibited by
overexpression of intracellular TRX

In this repert, we tried to elucidate the cross-talk among
TRX superfamily proteins in oxidative stress-induced
apoptosis of T cells. To assess the functions of TRX su-
perfamily proteins, Jurkat T cells transfected with human
TRX-wild-type gene (TRX-transfectant) or control vector
(mock-transfectant) was prepared, respectively. As a prelim-
inary experiment to test whether hydrogen peroxide (H0;)
induces apoptosis of TRX-tranfectant or mock-transfectant,
both caspase-3 activity and sub G1 population in the tran-
fectants were measured at 24 h after the addition of 50 pM
HO; in the culture. Asshown in Fig. 1A, the caspase-3 ac-
tivity of the TRX-transfectant was significantly lower than
mock-transfectant. The apoptosis rate was determined as %
DNA content of sub G1 by flow cytometric analysis using
PI staining (Fig. 1B). Without the addition of H,0,, the
DNA contents of sub G! were 3.3% in mock-transfectant or
3.6% in TRX-transfectant. The mock- or TRX-tranfectant
showed 15.5 or 9.4% apoptosis at 43 h after the addition of
H,O,, respectively. These results indicate that the Jurkat T
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Fig. 1. Protection of stable transfectamts overexpressing TRX against
oxidative stress. (A) Caspase-3 activitics of transfectants were measured
24 h after the stimulation with 50 pM HaO1. * P < 0.01; when compared
with control. (B) The Jurkat transfectant cells were cultured in the presence
of 50 pM of HyO; for 483h. Then the cells were fixed by 70% ethanol
on ice overmght. After washing the several times with exceed PBS(-)
buffer, the cellz were treated with 50 pg/ml of RNase for 1h at 37°C.
After incubation with PI staining sclution for 1h, the cells were analyzed
by Howcytometer.

cell transfectant expressing a large amount of intracellular
TRX is protective to HyOz-induced apoptosis.

3.2. Expression level of MIFIGIF is suppressed by
overexpression of intracellular TRX and hydrogen peroxide

To elucidate the mechanism of anti-apoptotic effect by
overexpression of TRX, the involvement of MIF/GIF pro-
tein among TRX superfamily was analyzed. Expression
leve! of endogenous MIF/GIF in mock- or TRX-transfectant

HZOE (') ”202 (+)

mock TRX mock TRX

anti-MIF

anti-FLAG

DMBIYNY

OO

mock TRX mock TRX

1,0,(-) 11,05(1)

Fig. 2. Suppression of MIF expression in Jurkat T cell line by overex-
pression of TRX. Jurkat transfectant cells of vector (mock) or human
TRX cDNA gene were cultured in the absence or presence of 50puM
Hz202 for 24h and lysed with lysis buffer containing 1% NP-40, Each
cell lysate was analyzed by SDS-PAGE, followed by Western blotting
using anti-MIF/GIF polyclonal antibodics. Bottom pancl: densitomctric
analysis of MIF/GIF expression. Normalized with total weight of applied
proteins. 200 pg.

was determined by Western blotting using anti-MIF/GIF
polyclonal antibodies in the absence or presence of HaOn.
As shown in Fig. 2, the expression level of MIF/GIF pro-
tein of the TRX-transfectant was lower than that of the
mock-transfectant despite the existence of HyOa. More-
over, the production of MIF/GIF protein in both mock- and
TRX-transfectant was suppressed in the presence of HO;.
The data indicate that MIF/GIF expression is negatively
regulated by the intracellular TRX and H20o.

3.3. TRX expression is suppressed in T Iymphocytes
derived from MIF/GIF —/— mice

In order to clarify the cross-talk between TRX and
MIF/GIF, the expression level of intracellular TRX protein
was examined on T lymphocytes derived from MIF/GIF—/—
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BALB/¢c MIF./

anti-MIF

anti-TRX

BALB/c MIF «/-

Fig. 3. Suppression of TRX expression in naive T cells dedved from
MIF/GIF—/— mice. CD4* T cells were purified from spleens of MIF—/—
or BALB/¢ mice and lysed with lysis bulfer containing 1% NP-40. Each
cell lysate was analyzed by SDS—PAGE, followed by Westem blotting us-
ing anti-MIF/GIF polyclonal antibodies or anti-TRX mAb. Boitom panel;
densitometric analysis of TRX expression. Normalized with total weight
of applied proteins, 50 pug.

mice. CD41 T cellg in spleens derived from MIF/GIF—/—
mice or background BALB/c mice were enriched by de-
pletion of negative lineage populations, respectively. The
cells were cultured 24 h, and lysed with the solution con-
taining 1% Nonidet P-40. Then, the samples were analyzed
by SDS-PAGE and Western blotting using anti-MIF/GIF
or anti-TRX mAb, respectively. Fig. 3 clearly showed that
endogenous TRX expression in CD4* T cells derived from
MIF/GIF—/— mice was augmented than that from BALB/c
mice.

4. Discussion

In the present study, we have shown that the expression
level of both TRX and MIF/GIF in TRX superfamily is reg-
ulated each other in the course of oxidative stress-induced
apoptosis on T lymphocytes. We have already reported

that human TRX has been shown to be a scavenger of
reactive oxygen species (ROS), and recombinant human
TRX performs a protective activity against hydrogen
peroxide-induced cytotoxicity [18]. In fact, overexpression
of human TRX in Jurkat T cell-transfectant resulted in the
protection against HpOz-induced apoptosis (Fig. 1). This
phenomenon might be in part interpreted as the scavenging
activity of ROS and the inhibition of ASK1 kinase activity
by intracellular TRX. However, the effects of other TRX
family proteins have remained to be solved.

In a recent report, MIF has been addressed as a member
of the thioredoxin family [10]. Although MIF was firstly
identified as a soluble T cell-derived inhibitory factor for
macrophage migration, the product of gene cloned was
ubiquitously expressed in a variety of cells [19]. Despite
GIF which shares an identical structure gene with MIF
is a suppressor T (Ts) cell-derived immunosuppressive
cytokine and a derivative by the post-translational cysteiny-
lation at Cys-60, the intracellular product in Ts cells is
the unmodified form, MIF [11]. In the most recent report,
a 16 residues peptide fragment of MIF (50-65) contain-
ing Cys”-Ala-Leu-Cys® exhibits redox activity, and had
MIF-like biological functicns [20]. Taken together the
above evidences, it is suggested that the modification of
MIF/GIF protein secreted from cells may be regulated by
redox state. In contrast, it had yet remained to be solved
whether homogenous MIF in cells interacts with other
TRX family proteins or is regulated by redox state. Fig. 2
showed that the expression of MIF protein was suppressed
by the overexpression of TRX or the presence of HyOs.
In the recent reports, MIF inhibits p53 tumor suppressor
activity in macrophage cell lines [12,14]. If MIF func-
tions as a negative regulator of p53 in T lymphocytes, one
may expect that the inhibition of MIF expression resuits
in the enhancement of oxidative stress-induced apoptosis.
In the mock-transfectant, the enhancement of apoptosis by
H30; was correlated with the downregulation of MIF ex-
pression (Figs. 1 and 2). However, MIF expression in the
TRX-transfectant was less than that in mock in the presence
or absence of H2O3z (Fig. 2). We address two interpretations
of this paradox. One is that TRX may function 23 a nega-
tive regulator of p53 and share some functions with MIE
The other i3 that overexpression of TRX may compensate
via other regulatory pathways of oxidative stress-induced
apoptosis for the downregulation of MIF expression accom-
panying the loss of p33 inactivation as one anti-apoptotic
activity. In our previous report, TRX augmented the DNA
binding activity of p53, indicating coupling of the oxidaitive
stress response and p33-dependent repair mechanism by
TRX dependent redox regulation [21). Although the co-
operative regulation of apoptosis by TRX and MIF is still
obscure, it is likely that the intracellular TRX and MIF reg-
ulate each other expression. Actually, the expression level
of TRX protein in CD4* T cells derived from MIF—/—
mice was obvicusly higher than that from background
BALB/¢ mice (Fig. 3). This result suggests that TRX ex-
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pression might be negatively regulated by MIFE Roger et al.
have reported that MIF-deficient macrophages are hypore-
sponsive to lipopolysaccharide (L.PS) and Gram-negative
bacteria, as shown by a profound reduction in the activity
of NF-kB, the producticn of tumor-necrosis factor-alpha
and the expression of Toll-like receptor 4 (TLR4) [22]. In
our unpublished data, CD1lct DC derived from spleens
of TRX-transgenic mice produces less amount of IL-12
than that from B6 background. These data collectively in-
dicate that intracellular ratio of TRX and MIF proteins may
regulate TLR4-mediated signal transduction.
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Interleukin 5 (IL-3) plays a unigue role in allergic
inflammatory responses, and the understanding of mo-
lecular mechanisms underlying the generation of 11-5-
producing cells is erucial for the regulation of allergic
disorders. Differentiation of naive CD4 T cells into
type-2 helper (Th2) cells is accompanied by chromatin
remodeling including hyperacetylation of histones H3
and H4 in the nuclecsomes associated with the IL-4,
I1-13, and IL-5 genes. Histone hyperacetylation of the
I1-3 gene displayed a delayed kinetics compared with
that of the IL-4 and IL-13 genes, suggesting a distinct
remodeling mechanism for the IL-5-gene locus. Here we
studied the role of CD28 costimulation in the generation
of IL-5-producing cells and the histone hyperacetylation
of the 1L-5 gene locus. CD28-costimulation selectively
enhanced histone hyperacetylation of the IL-5 gene lo-
cus that appeared to be mediated through NF-xB acti-
vation and subsequent up-regulation of GATA3. The
CD28 costimulation-sensitive histone hyperacetylation
spanned almost the entire intergenic region between
the IL-5 and RADS0 accompanied with intergenic tran-
script. Thus, this is the first demonstration that CD28
costimulation controls a chromatin-remodeling process
during Th2 cell differentiation.

Upon antigen recognition by T cell receptor (TCR),! naive
CD4 T eells differentiate into two distinet helper T (Th) cell
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subsets, Thl and Th2 cells (1). Thl cells produce IFNy and
tumor necrosis factor-g and initiate cell-mediated immunity
against intracellular pathegens. Th2 cells produce IL-4, IL-5,
and [L-13 and are invelved in humeral immunity and allergic
responses. The cytokine environment is crucial in controlling
the direction of Th cell differentiation (2, 3). For Thl cell
differentiation, IL-12-mediated activation of signal transducer
and activator of transcription (STAT) 4 is required, whereas
IL-4-mediated STATS activation is important for Th2 cell gen-
eration (4--6). In addition, TCR stimulation events upon en-
counter with antigens are also indispensable for both Thl and
Th2 cell differentiation. We reported that efficient TCR-medi-
ated activation of the p56'*, caleineurin, and Ras-extracellular
signal-regulated kinase mitogen-activated protein kinase sig-
naling cascade is crucial for Th2 cell differentiation (7-9). Re-
cent studies have identified several transcription factors that
control Th1/Th2 cell differentiation (10). Among them, GATA3
appears to be a master transcription factor for Th2 cell differ-
entiation. GATA3 is selectively induced in developing Th2 cells,
and the ectopic expression of GATA3 induced Th2 cell differ-
entiation even in the absence of IL-4 or STATS (11-14). For
Th1 cell differentiation, T-bet was recently identified as a key
transcription factor (15,

CD28 costimulation enhances Th2 responses significantly
(16, 1. Upon anti-CD28 mAb stimulation, phosphatidylinosi-
tol 3-kinase js recruited to CD28 and activated, and then sub-
sequent activation of NF-«<B is induced (18-21). It has been
reported that GATA3 induction was an outcome of the CD28-
induced NF-«<B activation in T cells (22, 23). This may be a
mechanism by which Th2 responses were enhanced by CD28
costimulation. It is also known that IL-5 production and IL-5-
dependent airway inflammation are dependent on NF-«B fam-
ily members (24 -26).

Chromatin remodeling of the Th2 cytokine gene loci (IL-4/
IL-5/1L-13) occurs during Th2 cell differentiation (27). A highly
conserved 400-bp noncoding sequence 1(CNS1) was identified,
and an impertant role in coordinate expression of Th2 cyto-
kines was revealed (28, 29). More recently, a 3’ distal IL-4
enhancer (V,) containing an inducible DNase I hypersensitive
site was identified (30). Reiner and co-workers (31) report that
demethylation of the intron 2 region of the IL-4 gene was
associated with cell cycle progression and Th2 cell differentia-
tion (31). We reported that demethylation of this region is
regulated by polycormb group genes (32) that are known to

EGFP, enhanced GFP; RT, reverse transcription; IRES, internal ribo-
some entry site; CREB, cAMP-response elament-binding protein.
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regulate transcriptional memory in Drosophila.

Hyperacetylation of histone H3 and H4 by histone acetyl-
transferases was suggested to be assocated with active chro-
matin (33). Recently, we and others have demonstrated that
histone hyperacetylation of the Th2 cytokine gene loci occursin
developing Th2 cells in a Th2-specifiec and STAT6-dependent
mannet (34 -36). We demonstrated an essential role for GATA3
in the Th2-specific hyperacetylation (34). We slso generated a
precise map of the Th2-specific histone hyperacetylation within
the IL-13 and IL-4 gene lod and identified a 71-bp conserved
GATAS3 response element 1.6 kilobase pairs upstream of IL-13
locus exon 1. This histone hyperacetylation remedeling process
could be a major target for the Th2 master transeription factor
GATA3 to induce differentiation toward Th2 cells.

Histone hyperacetylation of another Th2 eytokine gene locus,
IL-5, occurs in a Th2-specific STAT6- and GATA2-dependent
manner with significantly different ldnetics compared with
that of the IL4 and IL-13 genes (34). The direction of tran-
scription of the [L-5 gene is opposite to that of IL-13 and IL4.
In addition, the RADS0 gene encoding a DNA repair enzyme is
located between the I[L-5 and IL-13 gene lod. A differential role
for GATAS3 in the regulation of promoter activity of the IL-5
gene from IL4 has been suggested (37-39). These results en-
couraged us to explore possible novel molecular mechanisms
that would govern histone hyperacetylation of the IL-5 gene
locus.

In the present study we investigated histone hyperacetyla-
tion of the IL-5 gene locus in developing Th2 cells cultured with
or without CD28 costimulation. A long range CD28-sensitive
Th2-specific histone hyperacetylation was detected in the 1L-5
and intergenic region of the IL-5 and RADS0 gene loci. The
hyperacetylation was accompanied by CD28-sensitive inter-
genic transcripts and required high expression of GATA3Z. A
molecular mechanism that governs Th2-specific histone hyper-
acetylation of the IL-5-gene associated nucleosomes will be
discussed.

MATERIALS AND METHODS

Mice—C57BL/S mice were purchased from SLC (Shizuoka, Japan).
STAT6-deficient (KO) mice were kindly provided by Shizwo Akira
(Osaka University, Osaka, Japan}(40). All mice used in this study were
maintained under specific-pathegen-free conditions and were about 4
weeks old. Animal care was in accordance with the guidelines of Chiba
University.

Immunofluorescent Staining and Flow Cytometry Analysis—In gen-
eral, one million cells were stained with appropriate specific antibodies
according to a standard method (41, 42). For intracellular staining,
fluorescein isothiocyanateconjugated anti-IFN.y antibody (XMG1.2;
Pharmingen), phosphatidylethanclamine-conjugated anti-IL-4 anti-
body {11B11; Pharmingen), and allophycocyanin-conjugated anti-IL-5
antibody {TRFES; Pharmingen) were used. To detect intracellalar IL-
13, biotinylated polyclonal anti.IL-13 antibody (R&D Systemas), and
phosphatidylethanotamine-conjugated avidin were used. Flow eytom-
etry analysis was performed on a PACScalibur (BD Biosciences), and
results were analyzed by CELLQUEST software (BD Biosciences).

Cell Cultures and in Vitro T Cell Differentiation—Splenic CD4 T cells
were stained with anti-CD4-fluorescein isothiocyanate and then puri-
fied using magnetic beads and an Aunto-MACS sorter® (Miltenyi Bio-
tec), yielding a purity of >>98%. Enriched CD4 T cells (1.5 X 10°) were
stimulated for 2 days with immobilized anti-TCR maAb (HE7-597, 3
#g/ml) and soluble anti-CD28 mAb (37.51, 3 ug/ml) in the presence of
IL-2{(25 units/ml), IL-12 {190 units'ml), and anti-IL-4 mAb(11B11, 25%
culture supernatant) for Thl-skewed conditions. For Th2-skewed con-
ditions, cells were stimulated with immobilized anti-TCR mAb as above
but in the presence of IL-2 (25 units/ml), IL-4 (100 units/ml), and
anti-IFNy mAb (R4.6A2, 25% culture supernatant). The cefls were then
transferred to new dishes and cultured for another 5 days in the
prasence of immobilized anti-TCR mAb, soluble anti-C028 mAb, and
the cytokines present in the iritial cultare. To enhancs the generaticn
of [L-5-producing cells, stimulation with anti-TCR and anti-CD28 mAbs
was performed during the second culture for 5 days. This procedure is
slightly different from that used in our previous report (18). Where

CD28-mediated Enha;wement of Hyperacetylation of the IL-5 Gene

indicated, wortmannin (Calbiochem) was added to the culture at the
doses of 30 or 300 nM for the first 2 days. In vitro differentiation was
then assessed by intracellular cytokine staining with anti-IL-4, antj-
IL.5, anti-IL-13, and anti-IFNvy or by ELISA as described {42).

Chromatin Immunoprecipitation (ChIP) Assay—The ChIP assay was
performed using histone H3 ChIP assay kits (17-245: Upstate Biotech-
nology) as described (34). Anti-GATA3 Ab (H-48: Santa Cruz Biotech-
nology) was used for precipitation. Where indicated, GFP-positive ret-
rovirus-infected cells were sorted by flow cytometry and subjected to
ChIP assay. Several primer sequences for ChlP assay were described
previously (34, 42). The primer pairs newly generated are as follows:
IL-6 1-F, §'-"**GATTGTTAGCAATTATTCATTTC *%.3"; [L-5, 1-R, 5'-
TPHOGTTAGCACAGCCTACCCTACH 24, IL-5 2.F, - *QTAGGG-
TAGGCTGTCCTAACC*24.3'; IL.5 2.R, 6'-**8GATGCGGGCCATGA-
GCACATG**%.3"; IL.5 3.F, 5'-****CATGTGCTCATGGCCCGCATC-
+846.3 JL-5 3-R, 5'-*"**CAGCGAGCTTGAGACCTACAGAG* 123",
IL-5 4-F, 5-**12CTCTCTAGGTCTCAAGCTCCTG 3.3 IL-5 4-R,
5. UNCAACAGAGCTTATATCTCCAGC *#452.3"; IL-5 5.F, 5°-*1482GC.
TGGAGATATAAGCTCTGTTG® 43.3'; IL.5 B-R, 5'-* "™ GAGAGGCA-
CTAGGATGAAGAG*Y.3"; IL-5 6-F, B'-*YSCTCTTCATCCTAGTG-
CCTCTC*17%8.3"; IL-5 6.-R, 5'-* 4 CTTCAGGAACACCAGACACATA-
G 2209, IL-5 T-.F, 5'-" ¥ 2CAGATGGTTGTGAGCCAACCATCT 2120
&; ILS 7-R, 5-* 280 AAGAACCAAATACATCACACTG 283", IL-&
8-F, 6'-* BPUCAGTCTGATCTATTTGCTTCTTG #84.3'; IL-5 8-R, 5'-
*2USCTTAAATTGTGAAGTCCTGTCAC**%.3", IL-5 9.F, 5'. *351PCAA.
GGCTTTGTGCATGTTACCAAC* 23, [L5 9-R, &-****CAGTCAT-
GGCACAGTCTGATTC* **%%.3"; IL-5-RAD50 1-F, 5'-"**'?ACTTCACA-
CTGTATGACAGTG89%7.3; IL-5-RAD50 1-R, -~ 1CCTGCGCTGT-
GAATGAATATTTGTC 4.3, [L-5-RADS0 2-F, 5'-"14338ACGCATT-
GCCCAAATCTTCAG™1%1%.3"; IL-5-RADS0 2-R, 5'- ~1*"™MGAAGACG-
GTAAGTCCTCGAGGCG1#928.3'; TL-5-RAD5S0 3.-F, 5'-" 1% CGAGGACC-
CAAAAGTTCCGAACACG™1*7%.3"; IL.5-RAD50 3.R, 5'-"*4%TTCTA.
AAAGACAACAGCTACTCOT 1*428.3'; IL-5-RADEOQ 4-F, 5'-~1*589AGC-
AACCGTAAGCTCGCACATTCC 13553, IL-5-RAD5{ 4-R, 5121960
ACTGCACCCCAGCCTACCCATGC #2103, [L-5-RADS0 5-F, &'-
~1MZACGAGTAGCTGTTGTCTTTTAGAA **408.3"; IL-5.RAD50 5-R,
5. 1WTCACGTGATCAAGAGAAACTACTC1398%.3", IL-5-RADSD
8-F, 5-"12BGCATGGGTAGGCTGGOGTGCAGTC ™ 181953 IL-5-R-
AD50 6-R, 5-"#M0GACAATCTGCAAGAGCAAGTGCTC-1%884.3"; IL-
5-RAD50 7-F, 5-~WHCCGAGGATAATTCTCCTTAAAAGG 11410,
IL-5-RADS0 7-R, 5'-~1™'GACAAGGTCTCATTGTAGCTGTGG 110,
3'; IL-5-RADED 8-F, 5'-~*3GCTACATAATGAGTAACCAGCTTG %282,
3'; IL-5-RAD50 8-R, 5'-~*"2*CACCTGGTGCAGACCTTGTTGCC-
AC*7.97 TL 5-RADS0 9-F, 5-""GAGCTCGCAAGCTAAAAGGTTA-
GAATAG ~"11.3; IL-5-RAD50 9-R, 5'- "SI GAATCTTCAAGGATTGG-
TGACTATACC ~%™7.3"; L-5-RAD50 10.F, §'-~ *28GATTCAGGGAAAC-
AATCTGTGGATG ~2812.37, IL-5-RAD5¢ 10-R, 5'- ~1*GGGTTTATGT-
GTTCACCATGGACC 2.3, IL-5-RAD50 11-F, 5-~RCCTGCACTT-
TTTGTCATAGGAACC**5.3"; IL-5-RAD50 11-R, 5'-"**GTGGTGGTA-
CACACCAGCAGATGTG™%.3'; IL-5-RAD50 14-F, 5'-*372AGGCTCA-
GGCTGAGCTGCTCCATG*#1%5.3"; [L.5.RAD50 14.R, b'.***PTAACT-
CAGTTGGTAACATGCACAA 253", The numbers indicate positions
relative to the first nucleotide of the IL-5 exon 1, which is designated as
+1, The primer pairs for IL-5-RAD50 12 and 13 in Fig. 6 are the same
88 those for IL-& promoter and I1-5 intron, respectively.

ELISA—CDAT cells wera cultured for T days as described above and
restimulated with immobilized anti-TCR mAb (H57-597, 3 pg/ml) for
8 h. The concentrations of IL-5, IL-4, IL-13, and IFNy in the superna-
tant were determined by ELISA as described previously {42).

Retroviral Vectors and Infection—pNO{-IRES-GFP plasmid was
kindly provided by Toshio Kitamura (The University of Tokyo, Tokye,
Japan}. The metheds for the generation of virus supernatant and CD4
T cell infection were described previously (32). Infected cells wers
subjected to intracellular staining with anti-IL-4, anti-IL-5, and anti-
IFNy mAb or to cell sorting. A mutant of IxBa, IkBaM, was generated
from the IxBa deminant-negative Yector (Mercury). ¢eDNA for human
IxBaM or human GATA3 were inserted into a multicloning site of
pMX-IRES-GFP.

Immunoblot Analysis—Immunoblot analysis for GATA3, IxBa, and
tubulin-a was performed as previously described (42). For I«xBa, a
rabbit polyclonal Ab (anti-I«Ba; Cell Signaling Technology 9242) was
used

ET-PCR—Total RNA was isolated from cultured cells using the
TREzol reagent. Reverse transcription was carried out with Superseript
II RT (Invitrogen). 3-Fold serial dilutions of template eDNA were per-
formed. PCR reaction with specific pritners was done as described
previously {34). New primers used were GATAS exon 1b forward, CTT-
TGCGGGATAGTTTAGCAA-3', and GATAS excn 1b reverse, 5'-GAA-
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