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1. mel-18 XiB~ 7 A DBEERMARR D MEIZ DN T

mel-18 RIEY 7 ATIELE & ) RIFIZEEDN D 5
CEVEE SN T WD, BT MR TIIET
PUE D CD4 & CD8 DFIRICE L T mel-18 KIB~
AFEFEFI Y b=V EEDS LV, LI L, %48
#5CE mel-18 KIE~ ™ 2@ CD4-8~(DN) I3 # 40 L
CD4*8*(DP) 134 L T 72 (Fig. 1),

New Born 4w

.4]88.
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mel-18-/-

wild type . D8

CD4

Fig. 1. Expression of CD4 and CD8 on thymocyte
at birth and 4 weeks of age.

The upper panels show thymocytes from mel-18-
deficient mice, the lower panels, wild-type mice.

3-5X10° thymocytes were labeled with the FITC
conjugated CD4 antibody and Phycoerythrin conju-
gated CD8 antibody, respectively. The X-axis dis-
plays CD4 and the Y-axis indicate CD8 staining.
The percentage of CD4*CD8*, CD4*CDS8, CD4-
CD8* and CD4-CD8" are indicated.
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Fig. 2. Expression of CD4 and CD8 on the thymo-
cytes of RAG-1-deficient mice is corrected by the en-
graftment with mel-18-deficient bone marrow (left),
and of mel-18-deficient mice with RAG-I-deficient
bone marrow (right).

The X-axis shows CD4 and Y-axis indicates CD8.
The percentage of CD4*CD8*, CD4*CD8, CD4~
CD8* and CD4~CD8" are indicated.
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2ODUFEMENEZ bNE, 1 2EEER L v Ol
THY, I 12E 5 vV EOREEL NV TOH
HWiTHb, Lee HDFHANS b EZT, FAZBEED

New Born
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anti-CDC2 _ Control
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CDK2 Kinase (G1/S)
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Fig. 8. Expression of RAG-1 and RAG-2 in
mel-18-deficient and mel-18-transgenic mice and
CDC2/CDK2 activity as determined by kinase assay
(A): Rag-1 and Rag-2 protein and mRNA expression
in CD4/CD8 double-negative thymocytes derived
from wild-type, mel-18-deficient and mel-18-trans-
genic mice either at birth or at 4 weeks by Western
blotting and RT-PCR, respectively.

(B): The activity of CDC2 and CDK2 kinases in
CD4/8-DN thymocytes derived from control, mel-18-
deficient and -transgenic mice. Histone H1 was
used as a kinase substrate.
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Fig. 4. (A): V514-D31 signal junctions isolated
from splenic T cells of wild type mice (upper panel)
or mice expressing the mel-18 transgene on a C57-
BL6 background (lower panel). The recombination
signal sequences (RSS) of V314 and D21 are indi-
cated by lowercase letters; N-nucleotide insertions
are symbolized by underlined capital sequences.
Heptamer and nonamer sequences are also under-
lined. The number of occurrences and percentages
of a particular sequence are given at right.

(B): Cell cycle of DN thymocytes from mel-18-
transgenic mice and wild type were analyzed after
staining with propodium iodide. The horizontal
axis expresses DNA content; the vertical axis ex-
presses the number of cells. The percentage of cells
in G1, S, and G2/M are shown.
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Fig. 5. Genomic Southern blotting analysis of
TCR} rearrangement in thymocytes from mel-18-
deficient and wild-type mice. We extracted genomic
DNA from both mouse thymus and liver and per-
formed a subsequent Southern hybridization using
a 86T5 - TCR 2 cDNA probe for the analysis of 3-re-
arrangement. Extracts of wild-type liver are shown
at right as a negative control.

£ =

Z ORI DOBIEFER D D mel-18 7 Rag-2 ¥ » /37
Bodet L EEHoEIZ, £ IIsh0ET
5 L CWwAE RS E L ON%, mel-18 RV Y
2 @ DN HglsfiiaCid, Rag-2 ¥ v /S HORED &,
YAy ARERFF—ETHSH CDC2 & CDK2 D
EEO FADSERICBE SN T, mel-18 MFIF
< A0 DN JilgAifa T, Rag2 ¥ ¥ /37 &
L Twi, $7:, DN Mkl oMiaEHIZR L T
X mel-18 BEI B~ A TIL mel-18 R~ Y A &
¢ 5T GO/GL IDHHENEHL b I EWTh o7
mel-18 KA~ 7 A & mel-18 WEIFEB <7 A BT
% Rag-2 ¥ ¥ /X7 B LRI 5 40Kk~
DEEBFER T Lee & Desiderio H DR & GF L 72

7%

0 (5,

6), F14 - 127

mel-18 BEIFB <7 A1 2BV Rag-2 ¥ V)XV EW
ERELTWAILIIERDSL W VDI AN 24T
WARUPEL RDL I ENEZLNDLN, BROZ
VDJ a2 3RS ST, BIZEF CTho7co 2D
TR T B FERE mel-18 OMFIHEILH Rag2 ¥~
Sy B DLEED R 7213 T % { CDC2/CDK2 i %
DT HFEIZE| &R 27729, GO/GL KL
ERE LTHRE L VDI MAMZPSELE 2> T
LrEZ NI, EE, FAOERT DN MR

BT AR GO/GL MO HENE ko Tz,
—%, mel-18 RIE< 7 A TlL Rag-2 ¥ ¥ /37 EI
AL VDI fLAEZEEE S LTz,

mel-18 RIB< 7 A DRIEF 7 RIED—D13 DN
e DP ~OSLDEEICL L THBORT L LT
WE SN TV LY, SEOKA DRE TiX Rag2 ¥~
N BITIAEERTIEIa Y b —VEEEDLD 2,
CD4*CD8* bt G & [d U X )W FE LAY, 4 8k
TIZ Rag2 D¥ v 7 EMFEALTEY, ZDZ LI
LY BEFERENEE SN RO EL D
L CD4 - CD8 DFIHAMT LT A LER LN,
mel-18 RIB < 77 A DRIEFEI 72 K113 Rag-1/Rag-2
BEY S EEERYSEFEIERTE T, VDI A
BAEELZBERILTWADLDL LGV, HES
HARBET O VDI A 2 SR E T BRI 7 17
5 % ThAHRag-1l & Rag2 12 £ 0 L A5 #EAT
L1618 = D KO E{LF PR O #E1E T, DNA
CEHUYMABEIEL I VN ITETH D
Ku70:Ku80, XRCC4, DNA #7#/4: protein kinases %°
BELTLAIEDPHONTWAY, ERTEERT
F) 2 — LABBEFEHSRHEL WA T““‘I‘éﬁ LBl
A 5 4ol Rag-1, Rag-2 (CHE A o CTHAT %
ﬁotﬁ,mﬂaxmm4&k;;éDNA:§ﬁ@
BOBEICLES L TWAIREROERONL, L2
L, 450 DNA OBEFHHEEICEL Y 237
LR a— LBETEEOBBRICOWTIEIZMO N
Tz, A%, AM4(Z Rag-2 ¥ V87 EDY) VR{E
HERLTVWAOD, BIRHZMASLEFD S,

COLIIC T MRS E > TR EE % VDI #M
AL, FOEELHUERTH S Rag-2 ¥~ /37
Y OB E AL D R 5 b 5B & I
Y R 0219, Rag-2 ¥ v /87 HITME
EH O GO/GL HIICEEL SHIcamEnsd, SH#,
G2/M 3T Rag-2 ¥ ¥ /37 EAHm¥ 1, T Hlgo
EIETEBRICE S VDI Az 12135  DER)
HEF 59,

MR L A Y o — 2 GEE TR EOBRRIIOVWTE



B - mel-18 12 X A EIZFBRER O FIH 143

PR EBUTOL20HENR SN B, Omel-18
13 c-myc/ede25/cdk DIFEHRBAHIBMT L2 L12L Y
MR % S8 L T 22, @Bmi-1 13 p16™NK4 D
&L CHfB i 2 ME LT\ %9, OEBEERTFT
HHEQFF 773 =3 Rb ¥ X7 773 —& &
bSHREEE M & b A FRE LT\ 54D, WE2F 7 7 3
J=0—D2TH5HEAF6 LK) a— LBEFHTH
% RYBP, Ringl, MEL-18, mph1, Bmi-1 &k 3 &
WIZHIE LT A2, fift, Ogawa HDFRITIZL D,
E2F6 &RV a— L% N0 BEERDES ) SN
N7z, W, Rb &R I — ARBOBEIC L b
AR OBESHE STV DB I & ASHE X9,
INLDOHEN SR 3= LFEETHIZV L Oh O
e L CHEARIBH L Cwb I oN5,
& LT, mel-18 12[Rag-2 ¥ > /37 B DR B
& [CDC2/CDK2 D&V #ili# % 4 L 72 /0 H & 21 o0 3
il LW 2 00RFEEBICASTAZ LT, R
& LT THifSBAROBETBER (T Miaosk) &
il LT 2 iRt R S iz, SHAEE S Mz
COWREHT EHICRET LI EICEY, UL sEkD
SALHEEE O — O H S P IZENB EEZ O N5,

B 2

Tz HICBL, TREZBY T LEBRECK
¥, HEEFHEXRERTHIRICHATERBOESL
FLET, TR RICTH NP n - HE oS
AL, GX OB L EIFET,

2 £ X #®

1. Akasaka, T., Kanno, M., Balling, R., Mieza,
M.A., Taniguchi, M. and Koseki, H. 1996. A
role for mel-18, a Polycomb group-related verte-
brate gene, during the anteroposterior specifi-
cation of the axial skeleton. Development 122:
1513-1522.

2. Akasaka, T. Tsuji, K., Kawahira, H.,
Kanno, M., Harigaya, K., Hu, L., Ebihara,
Y., Nakahata, T., Tetsu, O., Taniguchi, M.
and Koseki, H. 1997. The role of mel-18, a
mammalian Polycomb group gene, during IL -7-
dependent proliferation of lymphocyte precur-
sors. Immunity 7: 135-146.

3. Dahiya, A., Wong, S., Gonzalo, S., Gavin,
M. and Dean, D.C. 2001. Linking the Rb and
polycomb pathways. Mol. Cell 8: 557—569.

4. Dyson, N. 1998. The regulation of E2F by pRB-
family proteins. Genes Dev. 12: 2245-2262.

0. Fox, M.H. 1980. A model for the computer
analysis of synchronous DNA distributions ob-

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

tained by flow cytometry. Cytometry 1: 71-77.
Hedrick, S.M., Nielsen, E.A., Kavaler, J.,
Cohen, D.I. and Davis, M.M. 1984. Sequence
relationships between putative T-cell receptor
polypeptides and immunoglobulins. Nature
308: 153~158.

Helin, K. 1998. Regulation of cell proliferation
by the E2F transcription factors. Curr. Opin.
Genet. Dev. 8: 28-35.

Jacobs, J.J., Kieboom, K., Marino, S.,
DePinho, R.A. and van Lohuizen, M. 1999.
The oncogene and Polycomb-group gene bmi-1
regulates cell proliferation and senescence
through the ink4a locus. Nature 397: 164—168.
Lee, J. and Desiderio, S. 1999. Cyclin
A/CDK2 regulates V(D)J recombination by
coordinating RAG-2 accumulation and DNA
repair. Immunity 11: 771-781.

Li, Z., Dordai, D.I., Lee, J. and Desiderio,
S. 1996. A conserved degradation signal regu-
lates RAG-2 accumulation during cell division
and links V(D)J recombination to the cell cycle.
Immunity 5: 575~589.

Lieber, M.R., Grawunder, U., Wu, X. and
Yaneva, M. 1997. Tying loose ends: roles of Ku
and DNA-dependent protein kinase in the re-
pair of double-strand breaks. Curr. Opin.
Genet. Dev. 7: 99-104.

Lin, W.C. and Desiderio, S. 1993. Regulation
of V(D)J recombination activator protein RAG-
2 by phosphorylation. Science 260: 953-959.
Lin, W.C. and Desiderio, S. 1994. Cell cycle
regulation of V(D)J recombination-activating
protein RAG-2. Proc. Natl. Acad. Sci. U S A. 91:
2733-27317.

Matsushime, H., Quelle, D.E., Shurtleff,
S.A., Shibuya, M., Sherr, C.J. and Kato,
d.Y. 1994. D-type cyclin-dependent kinase ac-
tivity in mammalian cells. Mol. Cell. Biol. 14:
2066-2076.

Merkenschlager, M., Graf, D., Lovatt, M.,
Bommbhardt, U., Zamoyska, R. and Fisher,
A.G. 1997. How Many Thymocytes Audition for
Selection?. J. Exp.Med. 186: 1149-1158.
Oettinger, M.A,, Schatz, D.G., Gorka, C.
and Baltimore, D. 1990. RAG-1 and RAG-2,
adjacent genes that synergistically activate
V(D)J re combination. Science 248: 1517-1523.
Ogawa, H., Ishiguro, K., Gaubatz, S.,
Livingston, D.M. and Nakatani, Y. 2002. A
complex with chromatin modifiers that occu-
pies E2F- and Myc-responsive genes in GO
cells. Science 296: 1132-1136.

Schatz, D.G., Oettinger, M.A. and



144

19.

20.

21.

22.

ILRRFEEMERS, 50 (5,6),

Baltimore, D. 1989. The V(D)J recombination
activating gene, RAG-1. Cell 59: 1035-1048.
Shortman, K. and Wu, L. 1996. Early T lym-
phocyte progenitors, p. 29-47. In W.E. Paul,
C.G. Fathman and H. Metzger (eds.), Annual
review of immunology, Vol. 14. Annual Reviews
Inc., Palo Alto, CA.

Simon, J. 1995. Locking in stable states of
gene expression: transcriptional control during
Drosophila development. Curr. Opin. Cell Biol.
7: 376-385.

Tetsu, O., Ishihara, H. Kanno, R,
Kamiyasu, M., Inoue, H., Tokuhisa, T,
Taniguchi, M. and Kanno, M. 1998. mel-18
negatively regulates cell cycle progression
upon B cell antigen receptor stimulation
through a cascade leading to c-myc/cde25. Im-
munity 9: 439-448.

Trimarchi, J.M., Fairchild, B., Wen, J. and
Lees, J.A. 2001. The E2F6 transcription factor
is a component of the mammalian Bmil -con-
taining polycomb complex. Proc. Natl. Acad.
Sci. US A. 98: 1519-1524.

23.

24.

29.

26.

“F14 - 121

van der Lugt, N.M., Domen, J., Linders, K.,
van Roon, M., Robanus-Maandag, E., te
Riele, H., van der Valk, M., Deschamps, J.,
Sofroniew, M. and van Lohuizen, M. 1994.
Posterior transformation, neurological abnor-
malities, and severe hematopoietic defects in
mice with a targeted deletion of the bmi -1
proto- oncogene. Genes Dev. 8: 757-769.

van der Lugt, N.M., Alkema, M., Berns, A.
and Deschamps, J. 1996. The Polycomb-
group homolog Bmi-1 is a regulator of murine
Hox gene expression. Mech. Dev. 8: 153-164.
Zijlmans, J. M., Visser, J.W,, Kleiverda, K.,
Kluin, P.M., Willem ze, R. and Fibbe, W.E.
1995. Modification of rhodamine staining al-
lows identification of hematopoietic stem cells
with preferential short-term or long-term bone
marrow- repopulating ability. Proc. Natl. Acad.
Sci. U S A. 92: 8901-8905.

Zink, D. and Paro, R. 1995. Drosophila
Polycomb-group regulated chromatin inhibits
the accessibility of a trans-activator to its tar-
get DNA. EMBO J. 14: 5660-5671.

mel-18 Control the T Cell Receptor Rearrangement via Rag-2
Protein Stability and CDC2/CDK2 Activity

Shin-ichi FUKUHARA

Department of Immunology and Parasitology, Hiroshima University School of Medicine
(Director: Prof. Masamoto KANNO)

Mammalian Polycomb group gene products are known to form a chromatin silencing complex to

regulate cell cycle and cell death.

In mel-18-deficient mice, thymic T cell development is impaired on CD4~CD8~ to of CD4*CD8*

stage. In this immature thymic T cell stage, Rag-2 protein level was decreased despite its normal

mRNA expression due to upregulation of CDC2/CDK2 activity. Therefore T cell receptor rearrange-

ment was impaired.

In mel-18-transgenic mice, Rag-2 protein levels are increased with normal mRNA level. This pheno-

type occurs concomitantly with a prolongation of t he cell cycle GO/G1 phase. As a result, TCR rear-

rangement occurred normally, despite the aberrant overexpression of Rag-2 protein.

Here, we demonstrate that mel-18 regulates T cell receptor rearrangement by controlling both Rag-

2 protein stability and cyclin de pendent kinase activity.



