thetdE el Feta|x| M 273 H4=
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25 Al TAEA AYEE Wee) 25
771 $aAE 7hed AR BAT S ola sk
) AATRAN RS GAAEE BA sl
2 oA 02 007 FEE
SR 4867) (78%), %=1 A)7) 9k
Fatel Wl fAA 197 3%)
el ¥7
A9 $2427 7%,
3n 5 cDNAnmE®
1A AATRNN AHSA F7 e
o] DNAS] 7l de EAsT
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g 4= dsdEEl, A= wAtel A==
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H3sled 630712] cDNA#mZ] 22
AF 12570 (19%) 1831 2% AR FX
=4 skt =3 dubHel 71eEE =4 671 H
SRR} 44%, A s A G| A
a3 AlEEA, A ZEE 2 el A A-" fAA7E 242 2%E A E
ZE = putative gene 013} putative E2IG2 gene, musculin 3! osteoactivin -f-A2}2] w1 o]
A& #elslgd ). Putative gene 012] FAAE A 5)7] $ls A
olol W3k RYIE
Al 471D S s 24 E 0}“151’& AEE AT A v EZE

1o A HFes e ad w
o WA o]k,

] 1814, A AF2] 7F4 cDNA gto] B E 753}

2 usisint ol EMT A3 &
A= cDNA 2] 1%%
A2} 20%, “V\’\OJ]

=

& Falshelc GRAYNE B4 A QoiAl of
o} ribosomal protein S48} °o}F =

< AEA el S-S skt
mebr 2 d7-e] A= 7Y EAAE olslighe H §43 RS AT Bk okl s
Ayt F[E F4F FAHRE B2Ee W 74T 5 9ds Aol
otR7| g : cDNAm2| &, 7k, {5121 W, Afe] 2 2 avtufe] =, A4, 215
M = e A77F vtz vkl elth 1 H3p aEd Sl A #H
qHo] FFasle] 24 2 FoF 5 o= Al dig A
2} o3 4| (primary lymphoid system) $-& ZFZm o o] wolx|A He 8 o]l E 4 s+ ARk
Al (central lymphoid system) 2 5-F%| = 7} (thymus) vj$- F83F AR B F T o] vholo] FUke) HE
o T Az e 23] 2 Ao] Aol mj g Fo o 2FH HEH I & Atz AWl o3 HA
g Agoloh THZE E W ukgolA] 742 4 o2 AR A= ARst 3] 7 AA
Holm FF49] 4&& Sshs Azol7] Wi 7} FAol IR EAIE Bt o TAHEZ it 7w
FAL o8] 712 Aoz Ry A vespr] 915 & DIVl fAFoRA A MAY)ee 2
Wl o] 23 sFo g Z ool Ak AjldlA  E TFH A& AE FHEtaL 9lor xeldAx=
w317} Aol ulel o8] 7159 750 taEE Al A3 7l ST ARl el

dl, $-2] AlAlelA 7H @] F % (involution)o] U

wo] e Bkt AHgah Sed T Qe olskl AFHL.
A2 (B o 28 el Aol cerel-& Sl
A7 (B o AT} BAste] ol BATL Gl&-E B

AR : 4] (A st )b et o)
ZAA-$-H : sikyoon@pusan.ac.kr
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w3te} ool sk A Flea HEelel
= vholsl Bgle] o 7hx sle] Jste] A A=
Zoln 7l FEel $3E S oleh 53] doh Ak
98 9SS kel AP HEe] 2Ades
A7AA BAE S ol WA )
; RS R



ofe] 74A ARl W BREE
Gsle] gl Aol AT Af wHE A
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7t " 2RA AR 5 B AxEe] 7]
Wge B3e A7 5 Aok

E3] FHAIH G A= (acquired immunodeficiency
syndrome, AIDS) -2 X =lal AL 74al el
N A F23 AL o AR FAsh Ao
7 n}o]2] 2 (human immunodeficiency virus-1, HIV-1)
o 2]&k CD4* T Ml2£2] Zrd ez <3 CD4* T A £
F7F v A Aol wEkA FAAHA AP S
A A TAHZS] SAE FAAZ 4= Qe el A
2 o] Agke] X g e W =24 7" 4
Zeoleh w3t FoF FApA FoFo] AmE S8
de] AR Sl akedEist e el Tl E
e S oolemz derens W Sl SAE
o] Aatd 4 Qlvk 1 A3} AAA FHE
Ashe d fedshes HAA 9] et gr)se] 7
NS Bk ol A 2 d fr

= F7H # sler, 1 de= gy F
Azt o]d IR Ex TlAle] HEow
o A7t 2HE 4 A= 2] wEkA 7
2 kAl el S fr=shvt
3 5A1 4 e WS sk
A= 7hsae]l 71l gt olsfi7} v Fo
sfef. o)) Q172 ol Aol 22T Ahw}o] = (eyclo-
phosphamide, CY)& |43l AP o= 714 B
94 Qe = 5 AdE FE
o] oA FA ESe] fiE Al Azbe] Al
o et MAE 2717 FAeked oF 2% Fel A2
A 2)2 e BAe deplde Bl g,
el FEAL sl AT B4 3 $A)
2 dAgehe W F83 o] &E L et

7he A2 7k AlA E (thymocyte) 919 whefst 5
o] M= W AN zupgulela (extracellular matrix) A B-E
45 B35t 71548 v|AM| 3 (thymic microenvironment)
oletar sk, A oleiat kel wlA R
o] Azatgel s A4, w3 9l Al AAA H
o, 7k vAIR S PR o] AEE FellX=
7R Ak A &2 (thymic epithelial cell)7} 714 51 A7
Sasoleh. AT A E S A E Aolel Ahsat
$ol Adel H53} 04 45282 F > 9
B, & A E TR B FexAg
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3} 2-3L4) (major histocompatibility complex, MHC) 2}
7V 2 2Hel )= T Al E 484 (T cell receptor,
TCR) Ate|e] Atsatg3t 7hEAA A 2o A Ful gl
o2 FiFe ARl T Al Asabgel
2 oet & 5 Qldek TR R AN A 2l A W E =
F o zx2 A8 5¢]-HElo| = E-3H4| (major histocompa-
tibility complex [MHC]-peptide complexes):= 7|53 A|
Z2] oFA A (positive selection)o]] =23 IS 4
AL, el 2 eAS A EE ez &
A A9 (negative selection)ol] Zrodgte} E3] 7l Al
AL R AR wlEe SR g
TRAAE 52 AT AT A T A o) e
BRAHo] Faol 2AHE o)F AAES 484
S0 ASIAEA TAZE) Bdel e wAE Fo
714l & Zlo= 2531 gleH[4]. Hinton 52
3 <l A Al A} (insulin-like growth factor type 1,
IGF-I)e] dxtuele]] o] E|Fo] fitgl 7lsAlel
AL SR AME RS [5]. #7717
(interleukin-7, IL-7)-2 F4=0]A] & T M|z 4 7}&5412]
AL EFAF eut o} k3t Qs HEH Uk
S ANABAZR 5 Qv A= B ioH6].

A ko] of2] FAe 9le] Fad AL =
AAE A 3] 913t of2] 7hA] AY W Ee] o]
T2 gle=d), o] Zoj|A] cDNAALE] 3 (expressed sequen-
ce tag, EST) ¥4 7|&2 vhefst &5 EXA7] Z
FA o7 RE M2 FAAE HF3] flgk A o
v wow de] o] gE 1 glow, §Xx Wy =
23t EAMof w9 §-8-3F3 cDNAZE| % o 5N
B3 vl o)A 752 AEA An A5 M4
7] 913 AR A2Eat obzt §4A4 7% ATE 9
g 7 zAH R F47EA 7} w9 (7]

a7l AT g 1S olsE)
SIgk Ae] dgtoz B AT Al H THZ
7} s AAEE AREDE o] 43le] AAYF] 7t
+A cDNA glolB g5 5313 cDNARE| = 4
WS o] gste] ZhAle] A M WEEHE
AAE2] EAS 2

S

P

S ERTT

1.4

1%

S=

A EE2 200~250g2] Sprague-DawleyA| 471 31
A% Abastaleh AF o 2198 ST AR
7Y (specific pathogen free; SPF) AFell 2] 7738t 315 (Dae-



o| MMM HRTA BM 199

Oligo (dT) linker primer

TTTTTTTTTTTTGAGCTIC 5°

Messenger RNA template 5’ [

]AAAAAAAAAAAA 3’

mRNA
Reverse transcriptase
5-methyl dCTP, dATP,
dGTP, dTTP
CH 3 CH 3 CH 3 CH 3 XhOI
i ) 3°(___5-methyl cDNA___JTTTTTTTTTTTTGAGCTC 5°
First-strand synthesis 5 [ — ]AAAAAAAAAAAA 3
RNase H
l DNA polymerase I
dNTPs
CH3CH3 CH ., CH , Xho 1
37 [ 5- methyl cDNA ]TTTTTTTTTTTTGAGCTC 5°
Second-strand synthesis ,
50 DNA JAAAAAAAAAAAA 3

¢

EcoR I adaptors
T4 DNA ligase

EcoR 1 CH, CH, cH, cH Xho1 EcoR1
g2 G 5-methyl ¢DNA ]TTTTTTTTTTTTGAGCTC. .CTTAA 5~
Adapter addition
57 AATTC. .. [ DNA ]AAAAAAAAAAAACTCGAG ...G 3°
l Xho I restriction enzyme
EcoR 1 CH 3 CH 3 CH 3 CH 3 ol
Xho I digestion 3 G 5-methyl cDNA ]TTTTTTTTTTTTGAGCT 5°
57 AATTC. .. | DNA JAAAAAAAAAAAAC 3

Completed unidirectional cDNA

Fig. 1. Flowchart of cDNA synthesis.

han Biolink, Seoul, Korea)el] 150 mg/kg %=2] CY (Sig-
ma-Aldrich, St. Louis, MO, USA)Z e 712
HEE FUAZ O 39, 15 F 25 Fof Tl s
AR B3N o] 21 A dee]
s19ic.

2.

OE
T

1) stk Z2| 2 cDNA zfo|=2{2| 5

CY Fof %53 9 7dA o] AAF2] 74 23 el
4] #JallA] RNeasy7|E (Qiagen, Valencia, MA, USA)Z
o] g3t %A RNAE FZ31%et. T 5 mRNA &2

I

7| E. (Stratagene, La Jolla, CA, USA)E o]&3}e] A
RNAZHE] mRNAS 2Z3l9cl. RE upHo A 2A}
9] A1) whel AAsFA T 3423 mRNAE: 260

A FA 2 ZAsle] ATFsledc) cDNA 342 ¢cDNA
7] E (Stratagene) S AH5-319] 27, cDNA 4 4]
o] fl2l& Fig. 1eA =238k AU A 7F= (first-
strand) cDNA 46l AHE-E szehololi ofefe] 417]4
g9& 7kA 509719 g2 a2 2 ele] = (oligonucle-
otide)Z AR5} 17, “GAGA” A]¥ (sequence)< Xho 1
ATrE A QAR B B 537 9 RAE QT HZ9
2 E}o]= Z3FHE-(nucleotide mixture)el]= dATP, dGTP,
dTTP % 5-methyl dCTP7} 8= o] 9)¢]=H], 5-methyl
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dCTPE= AHA 7} ¢cDNA A oA] 2+ A EAD (cytos-
ine) 719 W=17] (methyl group) & A AIA F2+d 7
Aol Al AgEA2HE] cDNAS B 535}7] $)3te] AMg
=9t FHA 71 (second cDNA) gHA] kA ol A ¢cDNA
o] F=2et (blunt end)el] F-2HA17] EcoR 1 o]RE]e] 4
7194 5-OH-AATTCGGCACGAGG-3'# 3'-GCCG
TGCTCCp-5' o|&ie}

71 & cDNA 37| E (Stratagene) S o] 8-3fo] | ZA}
of Q3 whiel wheh AlLA W A23 DNA 7he 3
Ho B2 e N B 22 A BEL e, PA
cDNA Zlo]¢] A&l 2g](>400bp) @ A-Uni-ZAP-XR ¥
B (Stratagene)$h9] £ W52 AA|sheleh Gigapack
IIT Gold packaging extract (Stratagene) S ©]-&3}fo] 2§
Fl) 323} (in vitro packaging)2 433t & 12} 2lo] B
2]2] 9712 =433 RecA- E. coli host strain XL1-Blue
MRF'E ol§3le] 2%8 solugels 72aqch
ZAP-cDNA 47| Eo||A] A Z38)l= ExAssist™ interfe-
rence-resistant helper phage= E. coli @59 SOLR™
NZE 572 Ao mebr, Gigapack 111
Gold packaging extractZ ©]£-3}o] pBluescript SK (-)
phagemid €] (Stratagene) 22| A AU =4 (in vivo exci-
sion)& A A|5}%It}. ZAP-cDNA 220 2 HE] cDNA ¢l
MEZ Felslr] $laiA], 7.5 ule] E=kan] = (0.5 n),
1uL®] EcoR 1(12U/uL), 0.5 uL2] Xho I (40 U/uL)} 1
uL®] A|8t& A Multi-CORE ¥ ¥ (Stratagene) =S 3 7}3}
of E{FaL 37°CellA] 4417F BESAIF Y 1% b7tz =
Aol A %17]9353te] cDNA QIAMEL] Z7|E &<l3}s]
o}

2) cDNATIR| T A

cDNA QM E2] F7]7} 2Helyl Fepan|=sg it
o2 PrIMdE EA 3} t} (Bioneer, Daejoen, Korea).
Genebank®] ZelA~e A% == 72 (http://www.ncbi.
nlm.nih.gov)& o©]L3sle] AFEA] FALS B ZHzhe]
cDNAES 243519t} Genebank @ ORF/CDS d o€}
Wl o] e} sl A o o efw] o] 21 SWISS-PROT
(http://www.expasy.org) 74 =2 72818 o]L3le] o
=z A=A} (known gene) S} L# A A] &k Sz}
(unknown gene)E-S 33t} dloJepH o]~ A&
B3l 7%l HEAl $AAES 2ARR 7R A
I fHA" Zlow FAHE FH FHAe} o] 7]%50]
AR o A2 FAAE AR

3) THSMMIZ o 7hEH HEIZM S| £2]

A H AT A ke sR Y el A
FHotod Alzujelg Aol 3FIL $E8 7H9I= 2
~3mm Aoz A7 &gk AkE 24& 30 mLe]

RPMI1640 (Gibco Life Technologies, Grand Island, NY,
USA) ul 717} H7h8) 4706l 93 AN T2 o) 45
o] 4°CelA] 40~50%7F EqFsheint 2xe 24ES
AAN F AEAS 249 245 $eldel B
sealoler AN R RS SlaA, B4t A
H-g 125,106 F 70 um H|Ale)] =2 o2 BIA
AaEefste] Afeds AlAstaz 20mLe] ACK lysis
£ (0.15M NH,CI, 1 mM KHCO5, 0.1 mM Na,EDTA)
< Hrlsle] AYT2 A A3k] 3, HBSS (Hanks® Bal-
anced Salt Solution, GIBCO/BRL)el] A ¥ A oF4]

A EEEte 7EAM 2E 348 o2 DMEM (Dul-
becco’s Modified Eagle Medium, Gibco Life Technolo-
gies) 30mLel R-FAIA AZ4E 2 slodch sl
€2 A 2 (thymic stromal cell)S 22]3}7] ¢4, A
2 229 225g 10mLe] RPMII640 v =7} So]9)
Azl oF8- Al #7131 3]3S ARgsle] of W
s3hslboict dAREEld 24 24E5E AAAT|
ArsolS- 3)43shelth. RPMIL640 v X]ol] 0.125% (w/v)
collagenase D (Roche, Mannheim, Germany)<} 0.1%
(w/v) DNAse I (Roche)o] 23+l &AHMSN 5mLS A
7hsle] xA1e] 27bEd E§FeHA] 37°CollA 1587
HESAIZ L SAE 2 IS o] 83| o7 We] £
< 58 249 2458 WA FoiFa, EYA g
2AEE AR e AEAE A Frel 54319
o okl $48 2750 SmLe) EAwhEolE
7hete] ERSIUA ITCAA 15870 WAk S mL
o] F417)8k 18G, 21G % 23G FAhhsg wAH ez
AHg8te] 222 e8] FolFa YAl st A
I AAES 35 23k a2 ueS &) 9]
)41, 31538 LA Eol| hA] RPMIL640 wi=]el] 0.125%
(w/v) collagenase D2} 0.1% (w/v) DNAse Io] Z3% &
2Nk SmLE Hrlstel 229 27459 £t
A 37°Col| A 15871 v A| Ak 5mLe] FA17] 9} 18G,
21G g 23G FAbsg wabdos Abgsle 24
98] T3 ARl A5AE AT 3
ABE H5age). oD ZanHYE A7 A
Aste] AFNE BH4aigich 353 EaAT A
5% AEAE 106 um vAe] EHA7]3 HBSSo
Al Al daldelste] A 71EM2E 3
4%t o1& DMEM 30 mLe|| B-f-AA M Z25E SA 3}

et

rlr

ot

4) A ASEE A EES (Reverse transciption-
polymerase chain reaction, RT-PCR)

A% B AT AF =R dojAl 7 Tl 24
AEelA E2ld 2uge] A RNAE F3o2 AHg3)



Table 1. The sequence of PCR pirmers used in this study

Symbol Gene name GenBank accession No. Primer sequence Size (bp)
Putative gene 01 FP : 5'- CAGGACAAGACTCGCTAGGC -3’ 513
dlative gene RP: 5- TTTGCTCCTCAAGCTACGCA -3'
. FP: 5'- TGTCAACCTCAGTCCCACAA -3’
Putative E2IG2 gene RP : 5'- GGCTTGCTCTTCCCTCCTCT -3 264
. FP : 5'- GTGAGTGACCCCGAAGACTC -3’
Msc Musculin NM_001191754.1 RP: 5'- CAGTCTGGAGAAGGCTTTGC -3’ 360
.. FP:5- CCAATTACGTGGCTGGTCTT -3’
Gpnmb Osteoactivin AF184983.2 RP - 5'- CTGGGACATGGTCACGAATA -3 349
GAPDH Glyceraldehyde-3-phosphate AF106860 FP:5'- CAACTCCCTCAAGATTGTCAGC -3 449

dehydrogenase

RP: 5'- GGGAGTTGCTGTTGAAGTCACA -3’

o§ 0.5ug®] oligo (dT) 12-18 (Gibco Life Technologies)
¢} 1ulL®] 10 mM dNTP £38-S E31sl3L 65°CollA]
587 WESAIF T 4 ule] 5x AHA 7 #FH], 2 ule]
0.1M DTT$} 1uL®] RNase A3 (40 U/uL)=S A7}3}
o] 37°Cel| Al 227F BhEAIZ AL, 1ule] M-MLV x4}
2 4 (reverse transcriptase, Gibco Life Technologies, 200
UuL)E #7ksted 37°CellAl 5027 wh-g-A13 . 70°C
oA 1587F ¥H-8-A]7]3 1 ule] RNase H (4 mg/mL)=S
Hrhsted 37°CoIA 3087 WA R B AFAA o
AAFFEADANE $AE AT A4 putative
gene 01, putative E2IG2 gene, musculin, osteoactivin 2!
GAPDHo|gl o™, o] & A Aol He]Hgl Zejo]w|2
4714 90¢ A F(Table 1), Zeho]o] 4L vjo] 2
Yeolxtel o Fste] A zbatsich. AwAl 7k cDNAS +
3oz ARL3}ed 5ule] 10x PCR reaction ¥ 3, 1 ulL2]
10 mM dNTP mix, 1.5 uL2] 50 mM MgCl,, 1 uLe] 44}
g 8l ukek =ete]w (10 pmol/ul)e}t 0.5 uLe] Tag
DNA polymerase (5 U/uL)S &3}31gith 94°Ceollr] 58
7t DNAE ®HA A7l o9& putative gene 01, putative
E2IG2 gene, musculin & osteoactivin -4 x}= 94°Ce|
Al 18, 57°CoAlA 132 Z28]a 72°ColA] 187F 303
(GAPDH §A A= 253]) "ukEstar 72°CollA] 102-7¢
HHSAIFEE 1.5% o7tz =4 A7) S8 A"
DNAE &glslx o|u]x] BA ==z 78] (Metamorph,
Nashville, TN, USA)& o]&3}e] DNA #i=9o] 33hA
7} % (optical intensity) = &<l s} e}

2 =

A

2 QAT Tl AT Fbel R
¥ ST FA3] 34, 97 Ao IEe
AT F AR FE) 7HH 02 HE] DNA Fholn

Table 2. Resuts of expressed sequence tag sequences for regene-
rating thymus library

Library Number of clones  Percentage (%)
Total number of gene cluster 630 100
Known genes 486 78
Unknown genes 125 19
Unidentified genes 19 3

22l % Al=she 1, 800¢] 7J9] cDNA 2EEE 994
o2 Aeste] 400bp ol42] /1% 7hal 70091 AHe)
cDNA 2253 Aale] 97149de 2Hskle 97)
Aol whg A A2 9e & s HEle] 9]
M 55 Alel3 63072] cDNAm#E5S 43
o}. cDNAZ 2] #52] | o]Eful| o]~ £-42 GenBankel
3] ol §AAES) AEA 241 % =ea
Yoz AA&Ewrt w2y 1 A3y FA )k (P-value:
Wl 245 994 Pow 2HHL BehrE xeo
Be ALg-3li). cDNAme| % @714 g9 BA A3,
a2 AR} (known gene)S-o] 486712 AA| L] 78%
E A3, dHAA] 92 F-Z A} (unknown gene)
So] 125712 HAL 19%=S =}A|5}9it) (Table 2). 1
2ol A2 A2} (novel gene)d == & cDNAZL
YRS x38le] FlFA ¢k §%1 A} (unidentified
gene)Eo] 197 2 3%Z 2}%]3}9]c}(Table 2).

A 7 AR A LEE cDNATZ| 28 ¥
Aale] olof] Y3t FR{AAS EFHNE £ 2 Table
3|4l Ak 6307H] cDNAm|#E FellA 7}
2 e AESE Holy AL nEZ=g el Al
solute carrier family 25, member 424] 83] }elya,
breast carcinoma amplified sequence 1¢] 63], cAMP-re-
gulated phosphoprotein 21 transcript variant 1, cyclin G1
2 heatshock protein 97} 2+ 53], ring finger protein 111,
NLR family apoptosis inhibitory protein 6, TM2 domain
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0|Hd=, 0[5]%, (3|4, LIs|Zl, HME, & 4

Table 3. Abundant expressed sequence tags in regenerating thymus

Putative identification

Rank GenBank accession No. No. of ESTs
Symbol Gene name
1 Slc25a4 Solute carrier family 25 (mitochondrial carrier; NM_053515.1 8
adenine nucleotide translocator), member 4
2 Bcasl Breast carcinoma amplified sequence 1 NM_145670.4 6
3 Arpp21 cAMP-regulated phosphoprotein 21, transcript variant 1 NM_001135046.1 5
3 Cengl Cyclin G1 NM_012923.2 5
3 Hspa9 Heat shock protein 9 NM_001100658.2 5
6 Rnfl11 Ring finger protein 111 NM_001106836.1 4
6 Naip6 NLR family, apoptosis inhibitory protein 6 XM_008760697 4
6 Tm2d2 TM2 domain containing 2 NM_001017444.1 4
6 Dhfr Dihydrofolate reductase NM_130400.2 4
6 Eeflal Eukaryotic translation elongation factor 1 alpha 1 NM_175838.1 4
6 LOC683463 similar to paired-Ig-like receptor B XM_006228060.1 4
6 Putative ubiquitin specific peptidase 33 4
6 Srsfl serine/arginine-rich splicing factor 1 NM_001109552.2 4
6 Tmsb4x Thymosin beta-4, X chromosome NM_031136 4
6 Dpagtl dolichyl-phosphate (UDP-N-acetylglucosamine) NM_199388 4
N-acetylglucosaminephosphotransferase 1
Ce(l i ;1)1 \121;: on Membrane A NT RT
transport (41)
7% Defence (12) Putative gene 01 _
2%
Putative E2IG2 gene _
Unknown
(144) 23%
Cytoskeleton GAPDH
(15) 2%
.......... Metabolism B
(283) 45%
...... 120 ~ ONT *
............... RT
= 80 - *
Fig. 2. Functional classification of proteins encoded by the cDNAs g
of expressed sequence tags. The deduced proteins were grouped E w0k
into 6 functional categories based on sequence similarity with pro-
teins of known function. The fraction of the 630 expressed sequence
tags corresponding to the respective categories is indicated. 0 . ,

containing 2, dihydrofolate reductase, eukaryotic trans-
location elongation factor 1 alpha 1, similar to paired-Ig-
like receptor B, putative ubiquitin specific peptidase 33,
serine/arginine-rich splicing factor 1, thymosin beta-4 X
chromosome ¥ dolichyl-phosphate (UDP-N-acetylgluco-
samine) N-acetylglucosaminephosphotransferase 1o] Z}
43] vjebstet (Table 3). =3 215 7h54 A A A oA
248 cDNAmEEELS TR 54 (putative
gene identification)& ZAHZ Azl dub¥ql 7|5dE
2 3A 6719 W FE Yre] R8T (Fig. 2). 1

Putative gene 01 Putative E2IG2 gene

Fig. 3. Comparative RT-PCR analysis of putative genes in normal
thymus (NT) and regenerating thymus (RT) of 3 and 7 days after cy-
clophosphamide treatment. (A) Agarose gel electrophoresis show-
ing a representative RT-PCR result of co-amplified putative gene
01, putative E2IG2 genes and GAPDH. (B) The density of each
band in each lane was quantitated by scanning densitometry and
then expressed as mean+SD. Data are expressed as ratios of pu-
tative gene 01 and putative E2IG2 genes mRNA normalized to
GAPDH mRNA. Samples from the regenerating thymus exhibit
significant up-regulation of putative gene 01 and putative E2IG2
genes MRNA expression compared with those of the normal con-
trol; ¥*P<0.05 compared with the corresponding control value, as
determined by a one-way analysis of variance (ANOVA) followed
by a Scheffe’s post hoc test.
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HL

GCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCGGCACGAGGCAACGTGCTCTCA 60
GCTTCTCGGGCTTTCTCCATCATGGTGCGGAAGCTTAAGTTCCATGAGCAGAAGCTGCTG 120
M V R K L K F H E Q K L L

AAACAGGTGGACTTCCTAAACTGGGAAGTCACCGACCATAACCTTCACGAGCTGCGCGTA 180
K @ v D F L N W E VT DHN L HE L R V

CTGCGACGGTACGGGCTCCAGCGGCGCGAGGAGTACACACGCTACAACCAGCTGAGCCGG 240
L R R Y G L Q R R E E Y T R Y N Q L S8 R

GCCGTGCGCGAGCTGGCGCGGCGCCTGCGCGACCTGCCGGAACGCGACCCGTTTCGCGTT 300
A \% R E L A R R L R DL P E R D P F R V

CGCGCCTCGGCGGCGCTGTTGGACAAGTTGTACGCTCTGGGCCTGGTGCCCACGCGCGGC 360
R A § A A L L DK L Y AL G L V PT R G

TCACTAGAACTCTGCGACTCCGTCTCCGCCTCGTCCTTTTGCCGCCGCCGCTTGCCTACT 420
§ L E L C D s vV s A $S S F ¢ R R R L P T

TTGCTCCTCAAGCTACGCATGGCACAGCATCTCCAGGCTGCTGTGGCTTTTGTGGAGCAG 480
L L L K L R M A Q H L Q A A vV A F V E Q

GGTCACGTCCGCGTGGGCCCAGACGTGGTCACCGATCCCGCCTTTCTCGTCACTCGCAGC 540
G H vV RV G¢6 P D V VT DUP A F L V T R §

ATGGAAGACTTTGTCACCTGGGTGGACTCATCCAAGATGAAGCGGCACGTGTTGGAGTAC 600
M E D F V T W V D s 8 K M K R H V L E ¥

AATGAGGAGCGCGATGACTTTGATCTTGATGCCTAGCGAGTCTTGTCCTTGTTTCTCAGC 660
N E E R D D F D L D A *

TACAGGTCACTGAACCGGGGATGGGGAGAATCGCCTCTGTGTTCCGGGAAATTTTCTTAG 720
AATTTGGACTGACAATTGACTGTGTCTTGAGAGACAGTGGGAAGCAGTTTTTACTGCTCT 780
GGGGACTGTTAGCTTCTTGTACCTTAAACTGTGGTGTAGAAGCAGGAATGTTACCTCTTC 840
CCTTCTTTGCTTTATCATCGTGAAATAGAACAGATGGAGAGTTTGAGTTCATTTTATTTA 900
TACCATTTAAAGAAATCCTTTCCTAATGCCAATAAATGTCCCGACCACGTTGTTTAAAAAA 1020

Fig. 4. Nucleotide and predicted amino acid sequence of rat putative gene 01. The sequences that are underlined with a single line repre-
sent the sequences surrounding a possible translation initiation start (nucleotides 82-84) and stop signals (nucleotides 635-637).
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Fig. 5. Multiple alignment of putative gene 01 deduced amino acid sequence and 40S ribosomal protein S4 of Ictalurus punctatus, human,
Arabidopsis thaliana and Shizosaccharomyces prombe. Sequences were obtained through a BLAST search and aligned using the CLUSTAL
multiple-alignment program.
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A3, 630712] cDNAmZ|ZE FollA] dubdel A=
HAbel] AE FARL 4%2 M @2 ¥EE Ab
AL, Al s #HE FHATE 20%, = A
%ol HHE" [FAATE T%, 12|32 NE2ZA, A2
5 ol Ae] BAH GAATE A7 295 WA
o} (Fig. 2).

cDNAmZ 25 FMAFH2HE dojxl Fx4 97
MAzRE A R2AE AAIEte] Fqldt 47 DNA
714142 Genebankel F== o] AT, 1 A1z
A A deAA] > F he] FRAHHA}(pu-
tative gene)¢l putative gene 013} putative E2IG2 gene 2]
A &d 4 st o] F fAARe] HHE o
A aAsvhE e o] 8ste] EAs 23 A
A FpeAlel A et A Felel A o] W]
A Z=7}sled e} (Fig. 3). Putative gene 012] -+AALS
FA387] $1siA, AA A e] (full length) cDNA2] 1714
ode BA3Ie 3, 92187557 =2 78 (hitp://darwin.
bio.geneseo.edu/~yin/Webgene/protein.html)& ©]-§-3}oq
EA A7 D=2 5E 93¢ 7]E (open reading frame,
ORF)& &l3tsitt (Fig. 4). @9 471E #4272 o
oAl ofm|ieAl A7IM S oA AR ] o|EfH| o
2% o] g3 AEA A H obr|xAl Al AE (sequ-
ence alignment)S AA|8F A3} Ak (human), BI &
(Schizosaccharomyces pombe), o) 7179 (Arabidopsis
thaliana)=}y Qv 7] (Ictalurus punctatus)®] v EZE
o} ribosomal protein S48} o}F =2 AlEAlo] 18-S
glatd =t (Fig. 5). 1eiA], cDNAnE| & BA A3z o
o] 7] putative gene 01 SR A3} 3F9 TR v=
F=g]o} ribosomal protein S4 AR}l sjFE Hoz
FAE 4 Aok

279 7 AAHRAANA cDNAT = #4155
& Folw dejxl $AHAE Z= musculin Y osteoacti-
vine] WRAEHE wARGet @A, 4714 PA-nel-
A (basic helix-loop-helix, bHLH) 1 A}<12}¢] muscu-
linel W Phe DA 5ol A4 L CY Fof 3
015 9 25 T 74l 2404 RNAZ H2i5o]
AT FELAANTE B AN 2 A
musculin® AAF 7S ME HaEpFe] Wk AL
CY Fof & 349 9 74"l A4 743 vlas)A
A=A S7Fskodct (Fig. 6).

Hah W CY Fol 3915 9 257 9] sllel A
2T 7kl wRAA 9} 7hEAA Eol A osteoac-
tivin®] W& FE JAATTELANN NS B A
A8 A3} osteoactivin®] - A4} 7heAlell A £
& 7kl MRzt HlzAA CY Fol F 39 3
TR Al BT el MRRAAN @

ha|

A NT CY3D CYIW CY2W
Musculin _
B 80 O NT
CY3D
CYIW
60 |

CY2W

Intensity
N
3
T

20 =

Musculin

Fig. 6. RT-PCR analysis of musculin mRNA in the thymus of nor-
mal rats (NT), and 3 (CY3D), 7(CY1W), and 14 (CY2W) days after
cyclophosphamide treatment. (A) Agarose gel electrophoresis show-
ing a representative RT-PCR result of co-amplified musculin and
GAPDH. (B) The density of each band in each lane was quantified
by scanning densitometry and then expressed as mean+SD. Data
are expressed as ratios of musculin mRNA normalized to GAPDH
mRNA. Samples from the regenerating thymus, especially at 3 and
7 days after cyclophosphamide treatment, exhibit significant up-re-
gulation of musculin mRNA expression compared with that of the
normal control; ¥*P<0.05 compared with the corresponding control
value, as determined by a one-way analysis of variance (ANOVA)
followed by a Scheffe’s post hoc test.

A8 F7Vsk L (Fig. 7), A4 7hA 2eh v s
A CY o 39 9 79A)9] sheiA 2ol A A5}
A Z7}st e} (Fig. 7). wh2lA] osteoactivino] 7H54 ¥
PAAM Z g 7 2 BRef A ERIEH, 715 A
A Fet I i o] ST AMLE HeFE

L

2 ATolE AAEFS 9 el DNA
gho] Be|g] 23E] 63071¢] cDNA w253 #4313
t}. cDNA mej® {9714 Qe] #A4S 913 dleoEu] o]
2 BA8 )] NCBI (National Center for Biotechno-
logy Information)ol|A] W=l ) ZA4Ql AZEo]q]
pelre x2 e Aasged, BAARe) fol4
o] 3= Browno] A|AIIAW dubHQl F3& A 43}
Ao 2, Hehaes] 2N A 2 SJulg A
= 7ke HAE gro= P-value® e-1005h 2 7
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Intensity
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Fig. 7. RT-PCR analysis of osteoactivin mRNA in the thymic stromal cells and thymocytes of normal rats (Normal), and 3 (CY3D), 7
(CY1W), and 14 (CY2W) days after cyclophosphamide treatment. (A) Agarose gel electrophoresis showing a representative RT-PCR result
of co-amplified osteoactivin and GAPDH. (B) The density of each band in each lane was quantified by scanning densitometry and then
expressed as mean+SD. Data are expressed as ratios of osteoactivin mRNA normalized to GAPDH mRNA. The thymic stromal cells and
thymocytes from the regenerating thymus, especially at 3 and 7 days after cyclophosphamide treatment, exhibit significant up-regulation of
osteoactivin mRNA expression compared with those of the normal controls; *P<0.05 compared with the corresponding control value, as
determined by a one-way analysis of variance (ANOVA) followed by a Scheffe’s post hoc test.

¢ dubqor 2 o] A4, e-50014] e-100 Aol
d W= ol fARRE A, e-5000A4 e-10 Abo]d wl =
AfE MY, e-5614 0.1 Aol wi= ARAE 7
PR ot Add | IAE 7 S s
Aol lvkar A 4=7] wite] P-valuer} e-58t}; 2h2
T B o folHez fA el sk I3t
o] F3& A43te] cDNA me2j= 7| g #4972
3} 486702] A G}, 1257)2] A A] ke &
Az =3 19719 1A o> FAAES B3}
Aek. 19702] FAHA] > FAAE Folls Mzd
FAAE 28t 3l& Hoew FEE0

23 7 AT A A3 cDNA el =
AR FRGHAAE AR L HERE 5
Table 304 &75}9c}. cDNA me| 29 vl =7}

A

¢

:

o2,
_?{_A‘

e
% o 4 o 2 of

FAAES G 271 A 53] 7 2
=2 338 FR-§7A}<] solute carrier family 25, mem-
ber 4 FAxR= M2 nlEZ=eo} thfalzg okeixl
adenine nucleotide translocator, member 4 T 2-S- A
she fAAzA, o ShilAe AEe] 2A5elA A

¢

U 9] nEZez]olel A=A Alole] ADP/ATPE A
23 98-S 35 ADP/ATP carrier TH 2l 2o]]
24:5}m], ADP/ATP translocase 1 protein©. 2 %= &2 )
SHO-11]. T A2e] F43 Bagel Pz A
E3} AEAPEE 25 Aol E7RLE F Thizh Th
AolzlelEel ool Ao w 2AHE FUAEE
A F3l= A A adenine nucleotide translocator7}
IL-40) o]&j Walo] 1= a1 IFN-yol] o3 walo] 3t
A=ty B 3= [12]. ]88 ¥ 3% adenine nucle-
otide translocator”} Ale]E7}lell o3| ui/f=E= T A
2o AEIAANA FLo3 7]5A €L I A
& AR mebd, el AT AR adenine
nucleotide translocatorel] 3] 3== §-A 2] v wl=
F7F A vERd AL 7 AN Fod o
e shsha o] dEoleka A7

Wl =47} 4719 ¢cDNA @2 % 2] 3 ZF+= thymo-
sin beta 4 f7d Akl o) & FAMSE BdEE, o]
AAE QA wE G712 2AelA] 1 o] shelew,
I whlzle Nl A (actin sequestration) T A 2 A
G-4€l & (pool)S A3t M #3}e| 75| A=A

| 2l= Aoz ¥ yEAH[13]. 23, thymosin beta

o
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4= z3 M| 3 (heamtopoietic cell) 2 2-3}5}= A ol A
A A BoA LN AT - Aol 0
o) 7HA1% (thymoma)s} & 7kl QoA 1
Walo] 7hashn w3t el Al 2HelA 2 el
Zoj==d|, o]2|gt AL thymosin beta 47} <}=l3}
Agse 9 ¥k okt A3, A7IM 22 A,
A D RS sk k) AR el s
2PN A A7) dEelet (14l frob 7
2Ag A AT $3Hsh 240 BT ol 274
F Srob ¥} - 247 thob AelA )3 DNA =

FoA = thymosin beta 47} Z3 = o] Qx| kAL
Wb A geka BasEgeh[15]. o]e s Ak &
of 7hgAlell A W] F5-3F thymosin beta 47} 5]
Hoz 7hgAllelA Mz E3hel FAe F23 TS
F35t7] wjEelzta A= AR, 7k AHAY 2 ol
A= o]2]8F o]F-= thymosin beta 40 3 F3}= cDNA
)& lwrt #A vehd Aoz fest

wat 97 7keal AATHA 24T DNA 1)
EE FolA RNA Bl il 3 ojaks =3d Jut
HQ Az oAbl WA FAA} A B vEE
stodx, AlsAdete] AR FHA}, gl A=
ARy 223, M2, AlEEd 9 wel7|Ael
Q5§47 ololck debAl, cDNA Tl T ¥4
o 7bed ATl RE ek A
2eb gkl weby Alzel Y Awue ¥
& ol 2 EExes AT 5 s
379 kAl AN WEE = fAAES] 2
olB2|g] 25 E F<lEl cDNA ne|us 5 A=A &
2 F 7 9] putative geneql putative gene 013} putative
E2IG2 gene®| f-X%}e] alg &gt A, o] & f4
Ak A AR AP Aol B
o WAEA Zrhakeh AAle shelet 4 ik o
277 e putative gene 014 =5kl P75
& T oAt A4 24 2 eI
(multiple alignment)& A A]3le] FA3 A3} njeZe
2] o} ribosomal protein S48} At}s] =2 HAMAE 71X
g g & 3)lv) v EZ =2 o} ribosomal protein
S4E Mz B3} 27l slelx F8F 9L 5
gtk A slem [16], =3F Uzt A 71
RBEEQ] Blgrrb ot (Leishmania)®] ZFde] dowts
w, %52 (tubulin), 3] 2~E (histone) H2b&} 7 =313}
A wgste] hlozx T Az} Wkgsle] T AHEZE
Asgozn HANES F=dvhes Bt d9(17].
97742] ofmxAtoz o]foizl E2IG2: thFdt =%
o] whdo|u} A& fAel Fod e dh=
drezA 7|2 ATl fbgMlEe A z=2E

A

i plt 3

o of

St

) oiERAL Fdd T oMdAEE $AAE2RE
Z29H9a ol fAARIA T 75 A g

A ,
= % 3A1Z7HA ol E2IG29] "3 e] 14ufi} = s}
A F7HE AR e] wE A TH[18]. A A A
9] ¢cDNA go|Hg|8]2 e cDNAmZS 2AM3 2
7} dox &R n|EZ =z o} ribosomal protein S4
putative E2IG2 §-AAFe] wha o] 7l5Aal A A 2HA] ol A
A S Ao 7 AT Sl
Al olgldt fAAE] F83 J&8E 3] wEe]
ow 7

o]l A EAE fAALele =
FA A Eell A ¥ 5 Table 3el4] ol
23R dou AEARSY A W
ozl JHe| st fFS| Bk m
osteoactivine] 7F5A AAZ AAE £ 3lE 7H5A
7t JEgl7)el o] & fAAME A WA Ak
2 AAsA 279 7 A AHA A cDNAR
gles AT A3 dojal d=Al §AAE F mus-
culin ¥ osteoactivin®] W& EA-S- BA3191S o, ¢37]
A wAd-aze]l-uAl A akelAkel musculing] EE-2- A4
A AlIAE Rl FARE CY Fof F 39
LA K o e R i = e | i P 3 e R o I 1
Sk 94714 - mel b bl AES] 7o)
o)BA AAE = Ao Wt AFolM Harwr] Azal
Ao [19], 1 o]F 7|4 Ad-arE-wAd AARIA
RE|Z (motif) & 713 HARIAR: 23553 7335
0| oekdt 2AA HZH A} 3ol T
q&e e AR o] BT [19]. 24 ZAH Ao
2] MyoD2} myogeninz} 72 7|4 A-ae]-vpA
ZARIAH[19], M EHEAY A SCL/ITALIZ e =
43} 49 A5 s 9214 mea A
ALl A} [20], A7 A 2R o A neurogenind} 72 &7]
A TR AR [21] el A
THZZE E3}8h=d MyoD [22]7} ted 3t ApAl o]
B Ao 9714 wAl-are-uAd AR i opd
of el Hi=F A B F FHE 7EE 5 e AY
9714 WAl-E-Ad AARIARE dub oz F g
wa e vs] B3 9714 wAl-ag-wAd AARRIARE
AgrH oz g 3, 724 SHolAM Al-ae-
A B9 E A B3O F5olA 2 o] FelA
HAE wiANEk, 9714 #9154 DNAsgte] Zg+)
w3 AR AANS A sbshd Fed s (23],
9714 Ad-aEl-Ad AARIAES §42 84 v E
2] =1 (gene activator network)ol| 4] &g %o v 5
<= - ez A3t Az $EAA I 2AR3}E

N
25

il
=



15} [24], Robb €17k3} 72] cDNAE 12 o}
£, consensus bHLH search motif & o] &3}o] A=}
o[EH| o] 2T ZAFEIA L, F FHe AEE 9714
Mgl bd SRS BRsede 25]. S epicar-
din/capsulin/Pod-190]} 32 [26], T}& = A28 97]
A - A ARel musculine] $1Eh[25]. A F]
9] musculin® A3}l B M Z A W3 EE human
ABF-1 (activated B cell factor-1)3} 86%2] Z-U3t A=
4g 74 20049 ofmlatow ol Rold Qow, A
7o) wiel Z8zAA W e] FelE i} [25]. Mus-
culin® £Ae] 3he} ALERAH FLT T)5E
F3F Aolztar AZE A 1 7)F 3 wdzA-e
A3 AFE obF] AR o]FolH QA . 21F 9
ZhsAel A @714 wAd-aze-wd A ARIAR] muscu-
lin®) W selshg e Bat ohiel Aheal AT
o| A musculin®] W3le] A FristoE & AT
o] A= A A oA musculine] A o2
5> Aoz T AARA A HAF Aol
ALE AlALEl T ol st A= 7l A AT el
A musculin®] WHEAS o)l 583 257}
g & glom, musculin 52 WEe] 2H7H H 7]
8ol W3 2719 Q771 eshehy A7hes

Osteoactivin®] WFl-o- KA} 7p=Ale|A] B3t 7}
A 71AA e} v wsiy CY Fof & 3 3l 7459
Pl A ZAN BASA Z7behel e Bk ol
A ZINE BASA 2SR A4 w23
w7315 do7)= Al wo2]A 3 (osteopetrosis)
o] 2] mRNA differential display W& EsjA F=24
=l osteoactivine 572712] oju|xAle =z o] Fo]R A
Zupgniedal chilalg A Faow Az} w gl A
oA FHIA BT G A o [27,28]. DC-
HIL (dendirtic cell-associated, heparan sulfate protoglycan-
integrin ligand) 24 2k 98] %] osteoactivin< FH]
Aew ZAT Pk ohieh Az Eol 22wl
ZA)5l= 13l A (type 1 transmembrane glyco-
protein) © 2 A] W RA|Z0] F3le} AJLo|x Ihedsit)
29 7h4l AWIAANA Fhll 1Az} Sl
M| Zo| A = osteoactivin®] W3 o] x|s}A Z7|3ict=
A= osteoactivine] ZhEAl AAYAA AN A 7
ANz} 7hEAM 2] E3he) Al Fadt 93
A it 2715 BE W ok v
A Aol A osteoacitivin®] 7|53 7] Al g AT
o] JaoAs AAIg

ANAYFe] 27 FhFAelA WEE= fAdAtel gt
cDNA glo]BE]g]| & Aoz 63072 cDNAxRZZE
o ArINEE BAMsE B A7e fARH A

riok

7| 7hEMe| MUTEIM LEFAEA 24 207
3 7hEAlAM BEEE Akl did cDNA glo]
B4 1,0007]] cDNARZE2] |7|1MDS &
M3t o]de] d7Aztel vlaslel e o [30], A
A8 AZ el A 407, Aol g
FAATL AL T2 5o DAY FAAE) W&
& gl ot MEA, AErd 9 welr 03t B
AR §AA HEL ohe] Aol wlal tha WA
eRdeh ol2ia AME B AT % o) d QT [30],
AAZe) 9 Aol B fAA) 24
EAgAoR ol 4Foz AU Aol
AdE S =9 AR $AS e
el A W=rt 2 fARE vlasisl

W, 2 QoA 05% o|Ake] ENEE Holx

A 15% )51 om, oA AT 30114 0.5% ol 4]
AUES Holx SR 9F 12)3 0.4% o] 4H9]
Hol AL 215024 HAZ SARE
EhHgieh =R 2 Q7oA 0.5% o] 4] 3
2 nol AR AA A 1095%0]1%)
ol AF-[30]el4 0.5% ]/de] HAN =S Ho
TR AA AR 5.90% 2123 0.4% o] A
=g Holy Az AA F4Ake] 10.70%2
24 v AR e vepiddah B dFelA 1%
o]e] M= el FAAE 15224 solute
carrier family 25 -3 A}o]glar o)A AT [30]oA 1%
oj4e] el g Ll $AAE 15202 FUshy
O} 71 FF= asparaginase like 102 A2 v2A 1}
gt & AFelA 0.5~1% Abelo] WEHl=E vie}
WAzl o AT (301004 0.4~1% Afele]
=S Jepd §ARES A2 Bwslsd S W solute
carrier family 25, breast carcinoma amplified sequence 1,

4 el o

i gl 2l

iz
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W b
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L e Jo rg‘l oM, gl

cAMP-regulated phosphoprotein 21, transcript variant 1,
cyclin G1, heat shock protein 9, ring finger protein 111,
TM2 domain containing 2, dihydrofolate reductase, euka-
ryotic translation elongation factor 1 alpha 1 @ thymosin
beta-42] 1052] §AA7} 5 Aol FFo= 21
sheded ok ® AT 0.5% ol LN
vehd §317F %2 66.67% 221 oA AT [30]¢l A
0.4% o)7Fe] anleg vepd §44 F2] 47.62%
o satdeh. =3 & AFelA 0.5% o] =
2 Uehd $27 FolA ol AT (3019 T2 o}
eyt 4 A= NLR family, apoptosis inhibitory protein
6, similar to paired-Ig-like receptor B, putative ubiquitin
specific peptidase 33, serine/arginine-rich splicing factor
1 2 dolichyl-phosphate (UDP-N-acetylglucosamine) N-
acetylglucosaminephosphotransferase 10]g13. o)A <
F 30114 0.4% o] wEw =g el {FHAF ol
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A B AT g2 Jeld §31A= Cd74 molecule,
major histocompatibility complex, class II invariant chain,
asparaginase like 1, apolipoprotein E, baculoviral IAP re-
peat-containing 1b, cytochrome-c oxidase I, Immunoglo-
bulin-like receptor PIRA6, ubiquitin specific peptidase 33,
ribosomal protein S3a, unnamed protein product (splicing
factor 3b, subunit 2, 145 kDa), metal-response element-
binding transcription factor 2 isoform 1 % Tob2 protein
olict. o3t AR B AFe}h o)A AT [30]eA]
AREE EE2AIR 47 2R A Rk e
A= AT 2olE THE FAlH HelHd
FAAE AT e ToF ooE e A7
T AAE v)die =3 olFR AR doex R
7ok vE fre °H’=°17<l = 752 7k A
Azt #E HelHd FAAE sk e 8
& Zolehe AMdE AARH.

Aoz, & dFolMe AAEE AF ksl
A EE s Akl Hd cDNA slo|B2z|E A=t
31913, cONAZ E50] T3 97149 ¥4} do]
Elulelzs $AHE ol g3tel Fell fA4 215 A
A ke A% 2% 3 Az FHAAES 29T F
AP g FHAEE HRY 5 Ao

Usts AT £ A 2T Gy
Aeste] e AAHA E2bo]
o2h A4l Adel Bl Qg dﬁi 27
Fu FAAES AIY S AN B AT
Edlz F7b4ew o g 42 cDNAmE
& o A Adsle o5 fARe] 03
we} BRate] AEe Aalela waEs
R R R
o] gt A7l FAA] e A F)sEE
F3te] dojehilolag 75T 2= Q& Aol 1
3} 7l A FRAe] e Aoz FHFE
ARE A ol TR fAA B ]
24 $AE ANFGozs o)Ee I SHL
% Al Aol F ebrh & e Az
el A B e 5 SRR Y
1eked heael AAE FAAN T 7
ZAAD 5 Gk W Agshed
Ao e,
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Expression and Characterization of Genes by Expressed Sequence
Tag Analysis in the Rat Thymus during Regeneration following
Acute Thymic Involution Induced by Cyclophosphamide
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Abstract : The thymus is the central lymphoid organ for the development of bone marrow-derived precursor
cells into mature T-cells. Understanding the molecular mechanism of thymic involution and regeneration is criti-
cal to develop methods to normalize or improve host immunity from the decreased immune function caused by
thymic involution.

In this study, the regenerating thymus cDNA library was constructed in the rat from a model of thymic involu-
tion and regeneration induced by cyclophosphamide. Expressed sequence tags (ESTs) were obtained by partial
sequencing of 700 randomly selected insert-containing clones. A total of 630 ESTs were analyzed, of which 486
ESTs (78%) matched to known genes and 125 ESTs (19%) matched to other ESTs (unknown genes). The 19 ESTs
(3%) did not match with any known sequences. The ESTs were grouped into six main functional categories: me-
tabolism (44 %), signaling components (20%), membrane transport (7%), cytoskeleton (2%), cell division (2%) and
defense (2%).

As a result of RT-PCR analysis, expression of putative gene 01, putative E2IG2 gene, musculin and osteoacti-
vin significantly increased in rat thymus during regeneration. The putative gene 01 showed complete homology
with mitochondrial ribosomal protein S4 by homology search and multiple alignment of amino acid.

These results provide the extensive molecular information on thymus regeneration and will be useful source to
identify various genes which may play an important role in the thymus regeneration as well as to clone novel genes.
Furthermore, the availability of these data will serve as a basis for further research to understand the molecular
mechanism of thymus regeneration.
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