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Analysis of biological functions of rpt-1 in human cells with
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Sun-Young Kim, and Jae-Ho Yang
Dept. of Pharmacology, Catholic university of Daegu, School of Medicine
3056-6 Taemyung 4 dong Namgu Taegu 705-718 Rep. Korea

(Received December 15, 2001 / Accepted December 30, 2001)

ABSTRACT : Abel ¢t al. in Germany discovered a new dioxin-responsive gene, which has later been identified as
pt-1 (regulatory protein T-lymphocyte 1). While it is speculated that rpt-1 may play a role in signal transduction
and carcinogenesis, its roles and functions remain unknown. The present study attempted to analyze functions of
rpt-1 in human epithelial cells following the xenobiotic exposures. While German counterpart analyzed expres-
sionn of rpt-1 in spleen and thymus cells from mouse and rat and characterizes molecular properties of the gene,
our work mainly focused on analyzing function of rpt-1 in human skin cells. Expression of rpt-1 in human cells
were analyzed by western and northern blot, RT-PCR analysis. Expression of rpt-1 as well as Staf-50 in human
cells with or without exposure to environmental pollutants were also analyzed by northern blot analysis, since
Staf-50 is homologous with rpt-1 and found in human cells. To help study roles of rpt-1 in human cell system, ret-
roviral vector system carrying rpt-1 gene under the CMV promoter were constructed and transfected. Cells over-
expressing the gene after the transfection showed an increase of cell density and soft agar colony formations, as
compared to the control cells, suggesting that rpt-1 may play a certain role in the transformation processes of
human cels. While the expression of rpt-1 in spleen and thymus is known to be strong in the laboratory animals,
both the basal and TCDD-induced expression of rpt-1 in the current cellular system remained insignificant. It is
speculated that the expression pattern of rpt-1 may be tissue- and species-specific. The present study demon-
strated a strong expression of rpt-1 protein in the brain of SD rat model. Since there is no previous report on the
expression of rpt-1 in the brain tissue, the result may play a significant role in understanding dioxin-induced neu-
rotoxicities in the future. The present study provides an opportunity to understand a role of rpt-1 in human cell
system and suggest & possible lead and basis for the future study of dioxin-induced neurotoxicities.
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tho] 841 AF7) e FEEA F 7P iAo
738k w544l B2 oA v (Poland, 1982). THol%
Al PR ohet AAIEA, dHlobsA, WASA F
)¢ ek SAE vepie] #2e] w€ Wile] FFEE
317 3 =2 E(endocrine disrupter) 3= 7rH3 EA-o|o)
(Safe, 1995). 2 278 A dollA wiE = dolSilo s
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duicle] FAle] Fo L Qe o] B4 WL, AE
2 i, A7, AR FelME wiEE Ablo] wh2dt
ST 299 Aol ¥, =3 HTel e Hol Al
°] food chaing 3kl UA| Wl S Ho] ¥ glaL
EHE AR o158 Hald o el HAL gl
FZ WHOS| S| $d77]7<] IARCT} o] &4ls QA
WHEA S el w2l TolSAlel HiEk A s del o
g BAo] IEFHT Yl AAC|HIARC, 1997). 224}
tlel gl 5442 AREEl wet ohs- Alo)7}p 232 =3t
A7 whet SANRS0] Fet AL A 8] P
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T e AR S gusp] don w3 549 JAE
B3] A A doi(Yang, 1995). TholSAle] A et
QA HIE Hte] 54 71HY elsiie pAeld)
web FA7)1AE oldsl] st W A7t AaFe] ¢t
Sowj FEALe} HHE phase T Y phase 1T T} A3
ZATAIA S T3R80 ' AR o] Qe AR o
217 9loh(Schmidt, 1996). 53] AAzA A e} HAH &
ZAREE 7|6l W A7t AFSHI e © FHIele
Sutter 5ol &J3] to]SAlel] o) BolH oz kg3l #
A} HAFEY e o]F #A= plasminogen activator
inhibitor(PAI-2) ¥ interleukin-1(IL-1)¢1 A2 djA
(Sutter, 1991). =3} Ho]&Al9) FA7| A= Al sHD7)3}
o] Wizte F2AF 9ot Pugas- AAIF HMEANA thol &
Aol &8 A F ZgsErt $71hs ¥ 281912 (Puga,
1992) Yangs vfo]-$418) lAA 2xghslel] A2 AHGE
o] FqF-E BH(Yang, 1998). Tro]8-412] EX-2- 2]
o wle} wfg- cheFal vhe-& Rl H o) E F A
thymusol] & ¥h&2- 71 w7ket A2 Jehig)ot. o}
214 thymus®] Bh<ll obE HIxA ] Hsl= F83 =
AAE71H 02 A7tE e the]ale] WA A 2o et
W2 @7} o]FoIR| A glch(Holsapple, 1991). 12t &
2 Aol BTk AF7HA] thel 8419 wHdAA o gt
24714 HEslA| ot webA] tho| Al Solqes
HREShe FAALE WAEe d gl Sale] BAESHH
71AE ol3Ehe d TS YR AlRHY. T FAdeET
8t Q922 AF] thymusol|A] tho]gAlel] Bolx oz
77481 whgshe 441E DD RT-PCR W22 Hejs)
= o AEslgitk(Donat, 1998). ¢]& Sutter S| 2}3F o}
o]54l Whg- AL 7o) F F7)Hgl AHAZA 53] tie]
SAlel| 2gt HAAA S o]k b ZA 719 A
2 A7 Pz 23S B3 R AN E T o] £
A} Regulatory protein T-lymphocyte-1(rpt-1) -7 =}-¢}
98% homologyS AT gl A2=E vepdr} 1
HIV-13} interleukin-2 receptor o chain(IL-2RoyS &3}
* helper/inducer T cellel|A &= whiEAZA] HIV-1
2] A3 CD4+ T cell®] EAISlol| Huj#els A= o
2] 9lch(Patarca, 1988). rpt-12 ring finger familyel] 4
3= motifEA 71€2] zinc finger motife} ©HE FEF
7RI Qe cysteinee] FH-3F M D& 7FAA QIet. ring
finger= PML, RFP, BRCA1#} Z+& <lA| proto-oncogene
oM WAE Fok3), wielEAa FA], AZHGAA I
peroxisome®] 23} Fol| Fosl= AR A H(Saurin,
1996). Z2#v} AIF74A] ring finger motifel] ©H3dt A &3t
7% W A d=H UA Ut ring finger family Fol

Al pt-12> A ZAGAA 713l Hefshs Aoz FAHM
AlE2] Ao =g} -1} 70% ©]AF homology S
7IA3L 9l ring finger motifs STAF-502.2 <& 9l
+= ¢ interferone] #J3] F7F=EE WA o ek(Tissot, 1995).
53] STAF-50 AAAZFAAM HHAEHH 13 L
homologyE JEP 22, mpt-12] H3HE JAM EAA 3}
= 9 523} probeE AHEE 4 )= Eojr,

£ APE A FAHZANME pt-1 HHE FAEL mpt-
19] 71%& #9dslr] $148) retroviral vector system o2
mpt-19] Fopit-S x2leled MEL] Ao w|x)= H3E
golskarAl &19ict. 3t mpt-12 human proto-oncogene?}
= FHAe] 9l& AReZ FA P I (Rivero-Lezcano,
1994) rpt-1 ¥el| whE AAAHEL] ts} A FA3)
of tholgAla} ZHE s fralEAle] W7 o3l d
7)eJ3}aLa} sgict.

53] mpt-1= AF7HA] 2 F&e] & xR 42 A
29 EAolel= Aol WA 2A S 3AT7IE AV
7} & 3 ohe} 13t A EUsEEe] RS FAE R
A thol &A1 Sl &3k Wt 71A S olshe o A 714
g Zolgle 7= 2 AFE AR

tho]&alel] M-3R ARl W& o] Hofke] ol
715l Yol w3t o] FAALY 75 W AL AA
Fol|A 3R A2 <A vl & Qe delgAle =
AL elsiEhe o 24 7198 4 = AVIZE =gk
=3 mpt-1¢] £33 ring finger motifi= o} I 7% W
Aglo] & UdelA QA 2 EAHEZA of EAl] AL ¥
Aalhe 92 AzAg7|zte | Uk S 2 A ERE
Aol T3l Fo3t A3y 24 E 5= AV €
g olt. whebd B QT Hol54l ke fAiAkl mpt-19]
AL HE W 9S AN EAA FAE R tlo] 8l
o 3t SX71A-E AE P EARETA SeA o33}
a1zt 353

oY

Mzl 2k

M E wjek 27 37°CY 5% CO, incubator ol|A] HjoF
33 wioFe]-& DMEMo| Fetal Bovine Serum 10%,
hydrocortisone(S ug/ml), antibiotics 55 o] wjekalsict.
ME} confluencyE o] F= AlAoA 1:322 subcultures}
et

Cell density &3
A E8) contact inhibition®] W3S &A317] Y& 5x10°
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cells/em®S- £7)o)] 237 wjofgic). wijekell-e 3duic) A FA|
Zro}E3 A E7} confluentdt Alelloll =23)151-S of 2 =
A NE 55 A

Soft-agar colony formation

pt-19] M2 AEE A7) A8 e A7 A
¥l di3le] anchorage independence®] ¥H S¥-E H7}
&t} Noble agar 12gol] dH,0 35ml& ¥ 3027t
autoclavedt T2 15ml®] dH,0¢} FBS 25ml, 2X EMEM
50mke ol 0.9% agar baseE TH=Ch Sml®] agar base
£ petri dishell 22 o A 37°C incubatorell 1.
0.9g Noble agarell dH,0 50 miS- ¥l 30%7} autoclave
& o8 dH,0 7.2ml, FBS 72ml, 2X EMEM 14.4 ml
< o] 036% top agars TFETh FH|E base agarl 1
X 10* cells/dish® E33}:= top agarf-2- 2mk¥ petri
dishell @} 2F colony@AlS =717} 0.3 mmeo]A}el
colonyT& &4 8} (Yang, 1995).

Cell aggregation assay

mpt-10] U} M X EAJ] A Z(adhesiveness)?]
7loll 7198l AE Frisic}. Soft-agarsl 22 HpgoR
base agarS 9FSo] SmM Petri dishell ¥E=c} ¥ 37°C
incubatorel] & &, 10% FBSE *§st mjofedd 10°
cells/dish=. M ZZ AE3 F 49o] Ad APHellA wljofy
Arell A= 1 mmelAt 2719) colony?] 7] W £AE
24331 (Rhim, 1989).

RT-PCR analysis

mpt-12] L&)} W& growth regulatory factor®] mRNA
WS FAg A ZelM total RNAS F53 o5 1
ugel total RNAel oligo d(T) primerE ¥ 60°CollAM 5
27t Fo] poly A+Z ¢+=c} 30ul RT mix(0.IM DTT,
RNA guard, RT-buffer, dNTP, dH,0, RT)E 7 sampleel]
e o 37°CelAM 60, 70°COlM 108 £ o 459
ol ¥} cDNAFHA | Erbd 2.5u9] cDNA®Y 47.5 pie]
PCR mix [PCR-buffer, dH,0, Taq.pol, 5'-primer, 3'-primer,
ANTP-mix(*’P-labelled)] & Y& ©< primerel] wa}
annealing temp ¥ cycle £F FAHA FFoE A3,
10% PAGEe] #7143} gel dryer® ZHF Xay
cassetteo]] 2o} ¢33} 75°C X3 F #HARIH(Dohr, 1995).

Westemn blot
mpt-19] AEW A 2EE A A8 -l
polyclonal antibodyZ AM&-&H}. Cell lysate(20 g)E %17

ok

o353} & Nitrocellulose paperdl] 400 mAZ. 447} F%b
blottingZ}c}. blote] Bt paperell mpt-1 polyclonal antibody
£ 1:300022 345 4402 WhEAIR] F 2nd antibody
2 anti-mouse Ig GE A& ¥ AmershamAte] ECL
system 2.2 Z28ch(Yang, 1998).

Refroviral vector system Z1&|

mpt-18 FF-3F= plasmid pT7T3S ECOR 1 A|RIEAR
#2)8lo] mt-1 fragmentE F2]3+ F plasmid pCx 59|
hCMV(human cytomegalovirus) promoterdt2] ECOR I
siteel] ligationA]7)=}. hCMV promoters 32 AL Q)
L oJ2] 7}A] promoter % expression =7} vi-g- 732
Aoz el glelA o] promoterd] AR QIAME We
mpt-12] expressions SHIAA 5= Qe pt-1E sk
pLNC-rpt-19] Z15P¥-2 Fig. 13 2}

retroviral vector= PG13 packaging cell lineol] transfection
AlA AM-3lsAT(Fig. 1)

pT7T3 puc 19

Smal, Sau3Al Sphl

Purification of ~900bp fragment T, DNA polymerase
—

Rpt-1 BamHI1

¥

purification of puc19 after treatment of
Sphl, T4 polymerase, and BamHI

Sma I Sau3Al

Ligation
Hind I Smal
‘
Clal
i Hind I
Hind ITI
Clal

Smal
Klenow fragment

Purification of ~900bp fragment

Hind M — Smal Hind I
l Ligation
PLNC — rpt-1
—
7R H{ neor [ omv [ Rpt1 [ LTR
Hind 01

Fig. 1. Construction of retroviral vector containing rpt-1.
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CMV promoter 3}ell mpt-1& ¥ retroviral vector
systemS HEo] 1pt-1& overexpressiond= clonal cell&
Ak o mpt-10] AlE2] U} A Fel vAE S
X3 A3} clone-2E A9 & ZE HEFIAN HIE
PRl @k clone-29] 73-¢- saturation density, soft
agar colony formation, cell aggregation’sol|lA] #et3} A%
o] 27} A4S Ve SSK(Table 1).

OIM|MZEOA2| rpt-1 mRNAS| B8 £

mpt-1 probeZ- o]-4-3jo] Q1A ¥A| el A TCDD, PCB126,
PCB153& 2hr5et Z}2t #2] ¥ northern blots AAIZH
A} W3 JepdA] Askeh(Fig. 2).

OIF|MZOIM2] STAF-509] ¥IS 24

mpt-13+ 70%°])4+2] homologyE 719 AAM ZAAME
ZA8led rp-12] QA counterpart® FAHFE STAF-502)
mRNA H3}5- RT-PCRE o83l ¥AM3t 23} mpt-1el A
olR7}A 2 10nM TCDDE A3 AAME] A%
mRNA level®] $7H8 VERIA] 98keFig. 3).

Table 1. Properties of human epithelial cells after retroviral
transfection of rpt-1 and 7 subsequent subcultures

Dose Saturation Soft-agar cell
(ug/ml) density colony formation aggregation**
(x10%cm) (%) (>1 mm)
control 3.5+£0.04 0.24+0.05 -
clone-1 4.0+0.12 0.31+0.09 -
clone-2 5.1+£0.15 045+0.11* +
clone-3 3.2+0.10 0.25+0.18 -
clone-4 2.9+0.05 0.38+0.08 -

*; p<0.05 as compared to control cells.
*#%: — < 5 colonies, +; > 5 colonies, ++; > 10 colonies.
The data are mean+SD with 3 different counts.

1 2 3 4 5
rpt-1 - AP . e 0

GAPDH

Fig. 2. Expression of mpt-1 in human epithelial cells following
exposure of environmental pollutants: 1) control, 2) TCDD (1
nM), 3) TCDD (10 nM), 4) PCB126 (50 uM), 5) PCB153
(50 uM).

12
STAF-50 | o sus

GAPDH | i

Fig. 3. Expression of STAF-50 in human epithelial cells
following TCDD (10 nM) exposure.

1 2

3 4 5 6

Fig. 4. Immunoblot analysis of rpt-1 in organs of SD rat:
1) brain, 2) heart, 3) kidney, 4) liver, 5) lung, 6) spleen.

A71Y pt-19] wWEl B4

pt-19] FE SD rat?] ¥, A, 214, ZE, ¥iA, slel)A
747} western blot®2 ¥4 A3} u|Aol| 2] Wade] 7}AF
=okom 7t 4 SoME & UE-E ehSIcHFig. 4).

n #

FZ 59 FAz=2Zos} G7A-E oS4l HR-RAA
Q] rpt-1(regulatory protein T-lymphocyte-1yS 2Z38I5ct.
pt-12 ring finger motif2A] AZTHGAA L FFsll
AT AR A=Y 2 9T 2 e HEA A
dt. gt £ Q7= QA chel$Als 22 33
siEo] 943 il AR H o q%E ARt
gt ol E $isled EYZo A mpt-19] cDNA full
sequencing, promoter cloning, protein interaction 52} 7|
55 A8 B Q7 FE JAMZANY gL F
Agk3za} spsiet. MEFFAMS -1 HES Gl
7¥817] 38t retroviral vector systemrs ARE3led rpt-18-
overexpression*] %] F b3l vl S A%
retroviral transfectionllA] 39131 clonal celk> cloneel]
gt g2 zlo|E Bgom HFEo AEFM L dstE) A
Ro] Wzl S FALUT. 13 clone-29] ¢
contact inhibition®] 2418 vFERE cell densityd] $7F7}
YePg20, anchorage independenced 34 8R= soft agar
colony formation 3 cell adhesions ZA3E  cell
aggregation® MM = i FvHd £R|E e} ot
A} AT A mpt-10] A EL] WY dept 2A] #e
e A =3t od q#8E seA & ¢ gt 19
overexpression®] QA Eel|A] wuiglsle] Ao Ho & 7}
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544 AL glet. mt-12 ring finger familyol] <3}
= motif2A] 7]E2] zinc finger motife} v TE2F 7}
22 9lem cysteineo] FH3 MEE 7HAE 9lHt. ring
finger= PML, RFP, BRCA13} Z+& <¢lA] proto-oncogene
oA WA FFs}, vpol A F4, AZAEAA L
peroxisomed] AE ol sk A2 A ¥ (Borden,
1996). 12} A|E7kA ring finger motifl] =gk AEHsk
71 2 o3k od=A A A4t ring finger family 5
NA rpt-1& AZHGAA 7|2k Aefdl= o2 A
o] A E] o] EAZ} -1+ 70% ©]% homology
2 7IA2 9lE ring finger motife= STAF-50°.2. 4]
9)= d interferonel] &3] Z7}¥ = A o] oH(Tissot,
1995). 3] STAF-502 QAMZellA WA mpt-13} ¥
< homologys YEMES pt-18] AFS AAMZeAA
Qs ¥ 503 probeE AME 4 3lE EFelYh o
A B g7 STAF-509] L3-S JAME 2dex 7
Azl ot W o] VehA] olgken o] STAF-500| 7}
A3 9l M| EE0A wFoZ FAHET} Western blot]
o3 pr-19] AL &4 A o]Fte] WHLE basal
levele] & ZMo] Brls3lal to] 84l kE o] Fel| s
7Vl S HelA Attt meEbA -1 spleen,
thymuse} 22 EAA7|9] BA B S 713l FARE. AL
2Eo] A7) A up2 979 BeAs A o
92 QAT Az WY FSEANE SHIL A2
A WekE Bl H3kd S22 AT mpr-19) HES
western blotg o]-83led &3t A3 ofe] A7|NN w2
Po) WS nojnh T8 Fulze AL A UdeiA|
Al e pt-19] ¥ ZAWS] Wdeln}. 7k v|AhEe] Uy
2 2 oA ghort ¥ Rz|Me] & dEH e E AT
oA Aoz WAY ZoE Almdy. oldt A= &
22 1o W ¥ AEH 4T 9 o] g AT
7} BRFE AAsRe F83 ARE AAER. 53] He
gk ol Sale] ke A I 2 deiA GlA| ko
3T 5ol o 2Rl = ol SAlel] e Xt gl
mpt-10] HEATE GO R0 tho] Al Wt AFEEE
AFsl= Fa3F A8rt g Ao Alaso.

4 =

2 A7 1ol et AERE o) i RS Foe
mpt-19] &S =Y F53 el o} mpr-19]
overexpression®| UANAME] Witslel] HAE 7F5AS AA
dloler FEXA F 53] HolAY 22 i s W
2A Foz tolgile) 23t A7 FA FE& olsiEe
23k 7|2 AREE AFE ALz AlmdY.
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