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Our laboratory has made two major achievements. First, we have found that fetal and adult
hematopoietic stem cells have different developmental potential to differentiate into lymphocytes.
Second, we have demonstrated that interleukin-7 (IL-7) controls DNA recombination of
lymphocyte antigen receptor genes by changing chromatin structure. Both of them are related with
fundamental questions in medicine and biology.

Based on these findings, we are now pursuing research on development and regulation of
the immune system, focusing on the following questions: (1) control mechanism of lymphocyte
antigen receptor genes by IL-7; (2) regulation of immune response by IL-7 receptor (IL-7R)

expression; and (3) control and function of IL-7 produced by various stromal cells.

1) Regulation of TCRy enhancer by STATS: S. TANI-ICHI and K. IKUTA

The IL-7R controls the local accessibility of Jy gene segments at the TCRy locus by
recruiting STATS and transcriptional coactivators to the Jy germline promoters and inducing
histone acetylation and germline transcription. Because STAT consensus motifs are conserved not
only in the Jg promoters but also in the control elements, Ey and HsA, it is possible that STATS5
regulates locus-wide accessibility of the TCRy locus through interacting with these elements. To
test this hypothesis, we addressed the question whether STATS activates Ey and HsA. We first
showed that Ey and HsA elements are substantially histone-acetylated regardless of cytokine
stimulation in cell lines and RAG-2 knockout thymocytes and that STATS has potential to elevate
histone acetylation at these elements. Next, we demonstrated that STATS is recruited to the STAT
consensus motifs in Ey and HsA elements after cytokine stimulation and that transcription factors
Runx and c-Myb are constitutively recruited to Ey. Furthermore, we showed that STATS
synergistically augments the enhancer activity of Ey in cooperation with Runx and c-Myb.
Although we found that Runx is also recruited to HsA, STATS and Runx are not sufficient to
induce HsA activity. These results suggest that STATS is recruited to the consensus motifs in Ey
and HsA elements by cytokine stimulation and augments Ey activity in collaboration with Runx and
c-Myb. Therefore, this study supports the model that STATS controls locus-wide accessibility of
the TCRy locus by activating Ey and HsA elements.

2) Accessibility control of the TCRy locus by a chromatin remodeling factor BRG1: C.
SUMLI, S. TANI-ICHI and K. IKUTA

The IL-7R plays an essential role in yd T cell development by inducing V-J recombination



in the TCRy locus. We previously showed that StatS activated by IL-7R signaling recruits
transcription coactivators to Jy promoters and controls the accessibility of the TCRy locus by
histone acetylation. It is generally accepted that histone acetylation is followed by chromatin
remodeling which makes a chromatin region completely accessible for transcriptional and
recombinational enzymes. However, little is known on which chromatin remodeling factor is
involved in accessibility of the TCRy locus. We hypothesized that BRG1, the ATPase subunit of
SWI/SNF chromatin remodeling complex, is recruited to the Jy promoters by STATS and enhances
germline transcription and V-J recombination by triggering chromatin remodeling. To address this
question, we first tested whether BRG1 is recruited to the Jy promoters by ChIP assay. We found
that BRG1 was bound to the Jy promoters by cytokine stimulation in Ba/F3 cells and RAG-2
knockout thymocytes. Next, we tested whether BRG1 enhances germline transcription by reporter
assay. We introduced a Jyl promoter reporter vector into Ba/F3 cells and HEK293T cells with or
without a constitutively active Stat5 expression vector. We found that the Jy promoter activity is
activated by Stat5 and cytokine stimulation and that BRGI expression further augments the
transcriptional activity. Therefore, these results support the hypothesis that BRG1 is recruited to the

Jy promoters by STATS and enhances germline transcription by triggering chromatin remodeling.

3) Production of IL-7 by lymphocyte-stromal cell interaction: M. SEKAI and K. IKUTA

The interaction between lymphocytes and stromal cells plays important roles in
development of the immune system. IL-7 is an essential cytokine for early lymphocyte development
produced by mesenchymal stromal and epithelial cells in the thymus and bone marrow. Although it
has been reported that the transcription of IL-7 is induced by interaction of pre-B cells and bone
marrow-derived stromal cells, its molecular mechanism is still unknown. To answer this question,
we employed co-culture system with an IL-7-dependent pre-B cell line, DW34, and a thymic
stromal cell line, TSt-4. Co-culture with DW34 cells enhanced the levels of IL-7 transcripts in TSt-
4 cells. Interestingly, the co-culture also induced transcripts of interferon (IFN)-o and IFN-f. In
addition, exogenous IFN-f increased the levels of IL-7 transcripts in TSt-4 cells. Next, to elucidate
the molecular mechanism of IL-7 induction, we analyzed the activity of IL-7 promoter by reporter
assay. The IL-7 promoter showed specific transcriptional activity in TSt-4 cells. An interferon-
stimulated response element (ISRE) in the IL-7 promoter was essential for the induction of IL-7
transcription by both co-culture and IFN-f stimulation. Finally, overexpression of wild-type and
dominant negative forms of interferon regulatory factors (IRFs) activated and repressed,
respectively, the IL-7 promoter in TSt-4 cells. Collectively, these results suggested that IRFs
activated by lymphocyte adhesion induce the transcription of IL-7 gene through ISRE in stromal
cells and that IFN-f production may be involved in the activation of IRFs. Thus, this study implied
a physiological function of the IFN/IRF signal in lymphocyte development in the thymus and bone



marrow.
4) Analysis of IL-7 Conditional Knockout Mouse: T. HARA and K. IKUTA

IL-7 is produced by epidermal, intestinal and thymic epithelial cells, bone marrow and
thymic mesenchymal stromal cells, and fibroblastic reticular cells in spleen and lymphnodes. Little
is known about the local function of IL-7 produced by each cell type. To address this question, we
established IL-7 floxed mice with the fourth exon flanked at each side by a loxP sequence. We
crossed the IL-7 floxed mice with keratin 5 (K5)-Cre transgenic (Tg) mice to obtain the conditional
knockout (cKO) mice deficient in IL-7 production only in thymic and epidermal epithelial cells.
K5-Cre Tg" IL-7 cKO mice showed slightly reduced numbers of thymocytes and yd T cells
compared with IL-7 floxed mice. In contrast, the numbers of NKT cells were slightly increased in
the K5-Cre Tg" IL-7 cKO thymus. These results suggest the possibility that the IL-7 from both
epithelial and mesenchymal components of thymic stromal cells plays a role in survival and

expansion of thymocytes.

LIST OF PUBLICATIONS
Department of Biological Responses

Laboratory of Biological Protection

Masui, N., Tani-ichi, S., Maki, K., and Ikuta, K. (2008). Transcriptional activation of mouse TCR
Jy4 germline promoter by Stat5. Mol. Immunol., 45:849-855.

Toda, T., Wada, H., Ogawa, S., Tani-ichi, S., and Ikuta, K. (2008). An efficient reporter assay for
Stat5-dependent promoters. Anal. Biochem., 372:250-252.

Ogawa, S., Satake, M., and Ikuta, K. (2008). Physical and functional interactions between STATS
and Runx transcriptional factors. J. Biochem. (Tokyo), 143:695-709.

Maki, K. and Ikuta, K. (2008). MEK1/2 induces STAT5-mediated germline transcription of the
TCRYy locus in response to IL-7R signaling. J. Immunol., 181:494-502.

Hamada, S., Umemura, M., Shiono, T., Tanaka, K., Yahagi, A., Begum, M. D., Oshiro, K.,
Okamoto, Y., Watanabe, H., Kawakami, K., Roark, C., Born, W. K., O'Brien, R., Ikuta, K.,
Ishikawa, H., Nakae, S., Iwakura, Y., Ohta, T., and Matsuzaki, G. (2008). IL-17A produced by
vd T cells plays a critical role in innate immunity against Listeria monocytogenes infection in
the liver. J. Immunol., 181:3456-3463.

Lee, H.-C., Headley, M. B., Iseki, M., Ikuta, K., and Ziegler, S. F. (2008). Inhibition of NF-kB-
mediated TSLP expression by retinoid X receptor. J. Immunol., 181:5189-5193.



Fujii, H., Sakai, R., Masatsugu, A., Ohta, M., Matsumoto, T., Doi, T., Ueda, M., and Horiguchi, Y.
(2008). Case of premenstrual syndrome including monthly episode of vesiculobullous eruptions
on the face. J. Dermatol. 35:246-247.

Takao, Y., Fujiwara, H., Yoshioka, S., Fujii, S., and Ueda, M. (2008). Monoamine oxidase A is
highly expressed by the human corpus luteum of pregnancy. Reprod.136:367-375.

Sekai, M., Kina, T., and Ikuta, K.: Production of IL-7 by lymphocyte-stromal cell interaction. The
6th International Student Seminar, Kyoto, March 6, 2008.

B—VEIL, VT IERE, AAMZE— : Stat5 (25 D TCRy= > > Y — Ol %5 18 [A] Kyoto T
Cell Conference, H#B. 6 H 13 H. 2008.

B—VEIL, VEVTIESE, AW 72— : Stat5 (2 X 5 TCRyYE & FET L —fEIk OHil . 5
38 [Al H AR A A e, 5UER. 12 4 2 H. 2008.

AHAUC, B—¥5{L. AMZ— : Brgl 12 X 5 TCRyi&{s 1 D accessibility OFfH. 55 38 [A]
HAGE AR s, 5. 12 H 2 H. 2008.

A, B—EIL. Mm% — : Brgl ([2X 5 TCRy&M&FEDHIE. 3 5 HEERKFET A1)
AWFZEAT AN AR 5UER. 12 A 22 H. 2008,



RIS B AT SRR P Department of Biological Responses
AARDEAIT 5255 B Laboratory of Biological Protection

W

AT 2008 £F 3 HITFERT O E AR — % & Hfirite B oo 7 Bk 258 U, AR AR ERHE 1R
T 2 AE DWW EFENH 12 70l & bbb 72, 4 BICiE, JRERNhEE LTEME L, 2. #
BHEBL LTHHAETFRSM LT, E5IT, AL LTRKFEL AR b7z, 20X
DR HERE T AEIRBEINTIE S BRI B, Bk 1 4. BhE3 AL KRB S5 4. WA 24 B
WME14., BEBEMEE 14, BE1LAOR1 44 L5 T0D,

ARGy CIR, I MLERH A A & O S pE R AL O ML R SR E & RN b O 4y TR d K OVRIE
JISEDOHIEEEZ AT 5 2 L 2@ U, Mot EENRFEHEZAONIT LI LEBRELT
W5, FrlC, A2 —nA X TAL-)EFD L7 X —AL-TR)Z Y1V 02, EEHIEC 7 0~ F
VIBEREMIR Y TV = RT 4 7 ADOBRIN LT L TV

(1) STATS IZ XD TCRy= > /> B —Dil4E

INFETHAIEL, IL-7 12X > TEMEE S L2 STATS B Jy 7 rE—%— &L, B A MUT
Y F L EFHET D Z LT IyEE 7O accessibility & FH- S L2 L ARELTE, —F, IL-
TR KA~ U 2 TlL, WETF72T2< . WBETO gemline IR 528K T L T\Wb, £72, TCRy
BAR T TlX, STATS OFEEGETFT—T7 0N, Jy 70T —X—DIHR5HT 3y — (By) X
VY BRI O HilEIfEE HsA (IZbRFSN TV D, LEDZ EnE | STATS 28 Ey X HsA &fEE L
TZDOIEEZGIFE L T D ATEEENSRIBINDEN, RELWIZ ST STy, £9, RAG-
2 /w7778 (KO) 7 AMFMIETIL, Byl HsA OB X F T EF LD LR @ o
7z F£72. RAG-2 KO ~ U Afffgfifa<>~"L T Mtk Scid.adh % IL-7 CTHIET 5 &, STATS 3
Ey& HsA IZVU 7 /b— h &z, ZHVE TIZ, IEEKF Runx & c-Myb 7% in vitro T EyIZ#EA L,
FOT N —IERICHATH D 2 ERWE SN TWe, 4B v~ F U Rk RIS TR
L7=& 2 A, RAG2 KO Ffififia <> Scid.adh ff@IZ 33V T, Runx 73 Ey & HsA 12, c-Myb 23 EylZ Y
JN—hENTW, £72, 2O Runx X° c-Myb O U 7 )b— ME, A S b A URBLTEN L2
Moiz, E5HIZ, STATS . Scidadh fEIZF VT Runx = c-Myb E1#FH L T By P —
EMEZ RS2, DLEORIRNS, TCRy B FREDO T B —I21F, £7 Runx <° c-Myb 723,
W T STATS 23FEA L. BeBEMICIEMEL T2 2 E RO MM E o7z, F72, STATS I W7 uE
—H—721F T/ < EyX° HsA IZH 5546 L. TCRy BIZ T D germline #55- & accessibility % il L
TWbH I ENmRmEhiz, (B—¥HiL, £HZE—)

(2) 7a~F o UET Y 7T BRGI I XD TCRy#E 1 D accessibility ¢ il f



IL-7R 13V /7 BROYE5E « 73k « AEFFICEHE R 2 L T\ 5, IL-7R 25 R STATS %k
Mt 5 &, STATS IX TCR WiBm 7 et —% —Ifia L, BEHRERTOY 7 v—hKhEBX |
VTR FIMUICLY 7 a~F UK 28 T, TCRyS B FEDERE & V-] f#z 2§18 LT
5, LL, INETEA R TEFMICHWTRBI D7 u~TF  VET V72 H S HTIC
DNTIFEHA LN TIE R o Te, ZZTAMIETIE, Iyl YrE—F—Dfllc 7 v~F L VETY
Y IIRTESIKE SWIUSNF O 27 7 =2=> hThH% BRGl BELELTWAHNE I DMGEE LT, &
T A N A URIERIC LY STATS MiEMEL S5 BaF3-piml A A VT, BRGL @ Jyl fiElk
~DOfEGE 7 a~F R (ChIP) XV EZ A, A4 M A V% IC BRGL @
Wl 7 aE—4 —~OfEENHER LTz, £72, BRG I STATS E[F L Jyl 7rE—% —IfEAT D
Z L 7% ChIP-reimmunoprecipitation VEIZ X VG E 7572, £72, RAG2 /v 7T U v TUAD
fafRfiiE TiX, BRG1 23 Iyl v E—X — %2 & TefE % O TCRyE& TS EIR IS L T\,
X 512, BRGI 28 STATS (KFHIIZ Jyl 7' o & — X —OEREIREZ g3 5 2 & | ATPase £ 4 KX
K L7z BRGl #RBlsE2E Iyl 70— —OWREEENME T T2 2 &N LR — & —EIC
Honkieole, LEDOREERENS, IL-TR IZ X W IEMEIL S 47z STATS 25 Iyl 7o E—% —IZHEA
THZETBRGI WY Zv—FEh, W KO o~F o VT 7R BI0, W5 &Ml 2
DFEI N D AREMENRE S, (AE, &L, AHZE—)

(3) U REKE R bu—<fld DA X2 IL-7 O REAR S

I RDIEGEIITY K E X b n—< MO BN EE TH 5, IL-7 (TR E GO 2
ko —< e BN EEAT AV A A THY, U U SEROBHE - A1 - 5k - RS
KA RTH D, EEE IL-7T R IL-TR O/ v 7T 7 b~ 7 ATIERM Y 7 ERPBEE ST 5,
—J7. IL-7 OFEABBIINEE I3 s Ty, 22 CHhald, X hr—~<fifas Y
VONEROMBEFERCER L, A he—~v Mgl D LT FEAE AT Lo, MRA he—<
AIEER TSt-4 & 7L B Miflatk DW34 2558 L7z & 2 A, TSt4 b D IL-7 OB BH Lz,
BLIRERWNZ 212, ZOHEERICI VD RIEMEY A F WA TH D type 1 Interferon (IFN-a, B)DFEEH
b EA L7z, 22T, IFN-BIZ LD TSt4 ZHIIMT 5 &, IL-7 OFEN EH L, S 6I2, IL-7 7
1 E— X —|ZAF{E T % Interferon Regulatory Factor Element (IRF-E)2¥ #5558 <° IFN-BHIIIL TP IL-7 i
WICMHTHLZ NV AR —F—LIC K VAL E /o7, 2O IRF-E IZHAT 2EE KT IRF
RBLIEDH EIL-T 7 uE—F —OFEMED LA L, #Z dominant negative i IRF Z%Blx¥ 5 &
ZOIEWERIH STz, DL EOFRERNG, U NEkeE X be—< /oM E/EHIZ LY IFN-IRF
VI FMRERPBE S, IL-7T ORINPFE SN DL ATReEN RS Sz, GBS, AlE
—)



(4) IL-7arF 4> aF i/ v 7Tk~ 2O

IL-7 (XK - WG - MlRoo LRzfa, B46 - MIROMEER A b e —< /i, &L CHge V>
AREIOMMMAIC L o> TEASND, LI L, ENENOMIREAT D IL-7 ORFTICKEIT 5%
FZOWTIRIZF LA LD > TR, ZOMBEZHA LT LD, BxFFEL4=7 D
WA 1oxP BLA 24 A L7z IL-7 floxed v 7 A &AL L7z, Z D~ D X% keratin 5-Cre T A
Ty VYU RERR L, MRS EEO LRI TOR IL-7T A REBLIcayTovat v/ v
TYURNYURER, avyTovaf N/ vy Ty Ay A Farte—vr ALk L THR
fROEMADEL &y T MAREAE T L IR NKT MRS T L7z, Zhb ofER
DD RO ERHIE R A e —~ OB IR TS IL-7 2RI O 417 & HEiEIC
G- LT Z enmmeainiz, (RS, AHZE—)



