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Effect on Cell Growth, c-myc mRNA Expression and Telomerase Activity
by Transforming Growth Factor- 51 in Malignant
Lymphoma and Leukemia Cell Line

Zhuhu Li, M.D.", Mi-Ja Lee, M.D.", Ho-Jong Jeon, M.D.", Chan-Pyo Hong, M.D.2,
Chi-Young Park, M.D.Z2 and Choon-Hae Chung, M.D.2

Departments of 'Pathology and *Hematology-Oncology Division of Internal Medicine, College of Medicine, Chosun University, Guwangju, Korea

Background: Transforming growth factor- 51 (TGF- 1) is known to be a potent growth inhibitor of
many cell types, including most epithelial cells. However, the mechanism of TGF- /31 action on cell
growth in lymphomas and leukemia still remains to be elucidated. c-myc is a central regulator of cell
proliferation and apoptosis, and telomerase is believed to play an important role in carcinogenesis. The
aim of the study was to determine the effects of cell growth, c-myc gene expression and telomerase
activity due to TGF- 81 and examine its mechanism of action in lymphomas and leukemia.
Methods: The cell growths of Jiyoye (Burkitt lymphoma), H9 (T cell lymphoma), and CCRF-CEM (acute
lymphocytic leukemia, T cell) cell lines due to TGF- 81 were measured using the MTT assay. RT-PCR
was also performed to monitor the expression of the c-myc gene in these cells with the telomerase activity
measured using a TRAP assay.

Results: There was significant inhibition of cell growth in TGF- 81 (Sng/mL) treated Jiyoye cells. When
treated with TGF- 51, the Jiyoye cells exhibited marked decreases in the levels of c-myc RNA and
telomerase activity. However, TGF- 51 treated H9 and CCRF-CEM cells showed no cell growth inhibition
or reductions in the levels of c-myc mRNA and telomerase activity. The effect of TGF- 51 on cell growth
was noted to closely correlate with c-myc mRNA expression and telomerase activity.

Conclusion: These results suggest that TGF- 81 may inhibit cell growth in Jiyoye cells by a mechanism
involving down-regulation of the c-myc gene, which in turn, reduces the telomerase activity. (Korean
J Hematol 2005;40:149-158.)
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At FAAENAN AEREHo] WHEEH Fu
7} ol = A= FFolstE FolAH MEE
O o] dojuA] Al HARE AR F
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Burkitt @3Z 2 N EF Jiyoye, TH X HZZE A XF
HOSH §4 THZF4 WEH A £ CCRF-CEME &
T S A 2R 2ol A Eguto} Al vide T3l A
A3t AL AFESHA T o] MEFEL 10%9] fetal bo-
vine serum (FBS) (JBIL, Daegu, Korea)®} 1X antibiotic-
antimycotice % 7}3F RPMI 1,640 (GIBCO, Grand Is-
land, NY) ¥} 2] 2 37°C, 5% CO, B} F7]o)| A 1] F5} %)
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EXPR L e EE AR C
AR H AL AT ALFE A4 225l

pelletS THE % 4°C phosphate buffered saline (PBS) 2.
2 A2 3% glutaraldehydedl] 244 7H5 2 124314 3t
2 4°C 1% osmium tetroxide (OsO.)oll /‘1 1A 7HE0
olxn gttt AGE GZEE G5 F epoxy resin
o Zujste] 2w v-A-S A 2}SFaL uranyl acetate
9} lead citrateZ ©]=< A3 & Hitachi H-7,600 (Hita-
o]-§3to] 3T

2. TGF- 10| MZAZtof O|x|= Agf

chi, Tokyo, Japan)2

Human TGF- 51 (Biovision, Mountain View, CA)©]
FPAES Aol WAL AL DA sAd
MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetraz
olium bromide, Sigma, St. Louis, MO] 23" & o] &
AT AG F247]19 AEES 96 well plated] 2X
1070 /well 253t thekst %% ) human TGE- 51
(5, 0.5, 0.05, 0.005, 0.0005ng/mL) 2. & 2 g]3F 3 37°C,
5% CO, Wi 710l A 242} 24X 7F, 48417 & 7241 7F wf
FetAth AIZEE PBSE %<1 Smg/mL MTT A 2F&
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% (.04N HCI (5N HCI : Isopropyl Alcohol=1: 125)2
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1) MEZZO|A total RNA E2]: 1X10°7]9] oty =
3 9EY AEFE 1009 T/C dishol] ®F&}a
37°C, 5% CO, Hj7]N A vjF3t & Sng/mLe TGF-
B1o.2 A BJate] 24A17F, 48A17E, 72417t vl st At
HzTe W ol £ 2 AEL MY
th ZF AP E AEE A3 PBS (pH 7.4)Z Al
W A 23 & trizol (Invitrogen, Carlsbad, CA)E 1mL
Yl ALoa 5EZF kst Tt 200419 chloro-
formE Yol & 4olF F 387 oA WEAIA
o}, 13,200rpmol| Al 1587F Y4 EElste] A7 A5
S A FE=E %74 isopropyl alcohol< 500 £ L & 7}s}

244 l";r‘ﬂ'é}':tl A7 AAE 15% &=
= % 13,200rpmel| A 5E7F A4 &
&S AAS AL F7] Tl AXZAASY 7
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FTE Hrhete g2z =< F 260m
shgol A R s,

2) ¢cDNA2S| &HM: cDNA9] A& oligo (dT) primer
(Invitrogen) & ©]-&3t] th53 o] 383t 2.5
g9 total RNA 1L oligo (dT) primer, 1L dNTP
Mix (2.5mM each)Z %7}t 0.1% DEPCE A2 €
SHTE 9ol RuLAA & v 65°CollA 5&3F 7}
dAe g F WA IS5l WA AT FAG W
S #A AR 4L 5XFirst-Strand Bu-
ffer, 2 ¢ L2 0.IM DTT, 14 L2 40Units/ ;L. RNase-
OUT™ (TaKaRa, Shiga, Japan) S Y3 7}¥ A 4L &
42°Co| A 2871 8 AT} 1 ¢ Le] 200Units/ L Su-
perScript ™ 1T Reverse Transcriptase (Invitrogen)S ¥ 1
ZH oAl 42°Coll A 507t ¥HEAIA cDNAE §A4
St ohy HFTOZ T0°CAA 1587 7FEA g st HE
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3) Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR): &4 E cDNAERRE c-mycs SEA|7]7]
Y8ty 2uLe ¢DNA, 42t 14Le] 10uM 53 3
primer, 0.25 L €] 5Units/ z L Ex Tag™ (TaKaRa), 5

© L9 10XEx Taq™ Buffer (20mM Mg™" £3H), 44 L
9] 2.5mM each ANTPE & 431 EFHFZE AAE 50 L
2 23 t}2 Thermal CyclerE ©]-&3}a] PCRE A] 3}
39tk c-myc primer (sense: 5’-CTCCAGCGCCTT-
CTCTCCGT-3, antisense: 5’-GAGCCTGCCTCTTTTC-
CACAG-3)E #4d3le] PCRo AME-3F T PCR 24
£ 95°Coll A SE—Z_} g)sta 94°C 30%, 60°C 45%,
72°C 45% 2 & 265 7] Al3¥stal 72°Col A 1027t vb
SAI AT WA HEFTFCZ GAPDH primer (sense:
5’-GAGAAGGCTGGGGCTCATTT-3’, antisense: 5’-C-
AGTGGGGACACGGAAGG-3")E §4d3to] PCRo A
43t PCR 271 94°Col A 287+ A 2] 8lar 94°C
30%, 60°C 30%, 72°C 60%E F 23F7] Al33sta
72°Col A 1023 WA PCR WHEAME S 2%
agarose gelo|A] A7|9 58S AASt ethidium bro-
mide® A st] MEES ettt

Z4A g4 FAL Telomeric Repeat Amplification
Protocol (TRAP)S 0] &3+ TRAPgz" ELISA Telome-
rase Detection Kit (Chemicon International, Temecula,
CA)E AH&St] 483t

1) ZUH 54 2|9} T 55 £ 1x10°7]9 o}
APz Ey gy A XFE 1000 T/C dishol| EF3}
a1 24A17F 37°C, 5% CO, Hj%7]o A vjk3 & 5
ng/mLe] TGF- 5102 A3}l 24A]7F, 48A]7L, 724
2w FHAT HETe PN YolFIL e A
7oz WSttt 2 APEE XS
2 HH3 &

331 PBS
1 X CHAPS (3-[(3-Cholamidopropyl) di-
methylammoniol-1-propanesulfonate) &3] (10
mM Tris-HCI, pH 7.5, ImM MgCI2, ImM EGTA, 0.1
mM Benaxmidine, SmM [3-mercaptoethanol, 0.5% CH-
APS, 10% Glycerol) 200 ¢y L2 2|3} do oA
3027 X3 & 12,000rpm, 4°Coll A 208-7F A &2
Fslo] AEHS Ak @ Fx =L Bio-Rad
Protein Assay® A %35l RE FZEHS 500ng/ L5

A 84 ste] Abgatan.

2) TRAP 24: 7} A|8 24 LS 5XTRAP ¥-$ &3}
o [100mM Tris buffer; primers: biotinylated TS primer
(5’-AATCCGTCGAGCAGAGTT-3’) and RP primer;
dNTPs: dGTP, dATP, dTTP and DNP-dCTP; oligomer
mix for amplification of 36bp internal control band] 10
1L, Taq polymerase (5Units/ L) 04uLE S/
376 Lol WO F 50uL ¥HE EFAS e 2
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7] PCRE 33}t

3) ELISA Z=: Streptavidin-coated microtiter plate
wellol] blocking/dilution $+5 M-S 250 L4 ¥ 3l para-
film™o 2 @ F 37°Co A 308 B WHsAIZTh
A=A S5d 300 LE T ZF wellS A2 3FA T
blocking/dilution €% 100y L% Z+ wello] Y
TRAP §H&2H2S 5uLE ¥o] & EFA17 F para-
film™e 2 Qa1 37°Co A 143t HP@—AWU} 1A 3
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Are o A 308 7F vk& Al A T} A= 5 314 &oﬂ S 9kA
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pLE Bl 2ol A 1087 RESAI AT o)W ¥k-3-Ad
e TdstA 217171 fall welle 1~2%&0] -
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F7) A #5351 T ol 50bp=F-E] 6bp HE L
2 i e 294 &4 ladder signalo] #EEH =
A Bd FA4o] Aoy A A

3}A B A2 Chi-Square testE ©]&3l91 7
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A Wee Bt AEAW 47

Qo Aokl he Solg Fejsty wahs
o},

TGF- 81 TE< 5ng/mL} . 5Sng/mLe] TGF-g1<&
23 Jiyoye MEFE 24470l 88.5%7F AE5HA
a1, 48A1ZkeN 70.5%, T2A1 3¢9l 56.4%7F A Est] A|7E
o] Aol mel AEEo] wopon Tt vl
48] oA = AcH(Fig. 1).

HO A|EF= 244|170l 73.4% A& a1, 484 7H
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AL, 48417k 100%, 72X 7l 114.1%2 A)7ko] Ay
of me} EEo] Folb L BAZL o] T2 HERTH
o o EobAoh
ol FA A3 A NEAEE| Jiyoye HEF
24A]7P 48N 7 2 A7 BE R HlE] §-9

2ol S BHYal, 72417 AYPF] AEE o] 2447
él:i%oﬂ HIS|AME frol3t ato]E B ATHP<0.005,
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Fig. 1. Effect of TGF- 81 treatment on Jiyoye cell growth. (A) Control cell after 24 hours, (B) 24 hours after treatment of TGF- 81.
(C) Control cell after 48 hours, (D) 48 hours after treatment of TGF- 31. (E) Control cell after 72 hours, (F) 72 hours after treatment
of TGF-A1.

Table 1. Effect on cell growth by TGF- 1 in Jiyoye, H9 and 3. TGF-B10| 22z Z 0} e NEZFO| c-myc
CCRF-CEM cell lines mRNA 2450 = 5t

Cell survival ratio (%) o valte 7} A7 22 A3 T A RNAS 2]l

24 hours 48 hours 72 hours RT-PCR %#& ©]43}4] c-myc mRNA 23S 32

g 23 TCF-p1o.2 A g Aol thxaol vt

Control 100 100 100 -

i A EFNA c- o] Al7Fo] X
Jiyoye 88.5 705 564  <0.005 o Jiyoye Toﬂ_i_cmyc mRNA @ o] A)zte] A
H9 73.4 85.1 93.4 ol uet 0% HEeA A AT HY A EFof A
CCRF-CEM 72.9 100 114.1 Z2 9] c-myc mRNA ¥3 9 GAPDHol| H]3j 4

e e

) A)7ko] Aol WE c-myc mRNA 48 AA &
#IE ¢Idth CCRF-CEM AEF & A3 73 iz
9] c-myc RNA @& d] & x}o]7} ¢33 GAPDHY ¥]
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Fig. 3. Absorbance units (Asso-Ageo) of Jiyoye cell line for
telomerase activity. TRS8, positive control; CHAPS, negative
control; C, control; T, TGF- 31 treated.
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Fig. 2. Effect of TGF- 81 treat-

WS «—GAPDH ment on c-myc RNA expression
in Jiyoye cell line, H9 cell line,

7 and CCRF-CEM cell line. 1,
negative control; 2, control

after 24 hours; 3, 24 hours

D amm—— cwm— o— wm—— e <4— C-myc after treatment of TGF-£1; 4,

control after 48 hours; 5, 48
hours after treatment of TGF-
B1; 6, control after 72 hours;

<+— GAPDH
7, 72 hours after treatment of
7 TGF-51.
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Fig. 4. Absorbance units (Asso-Asoo) Of H9 cell line for
telomerase activity. TRS8, positive control; CHAPS, negative
control; C, control; T, TGF- 31 treated.
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Fig. 5. Absorbance units (Asso-Asso) 0f CCRF-CEM cell line
for telomerase activity. TRS8, positive control; CHAPS,
negative control; C, control; T, TGF- 81 treated.

Table 2. Telomerase activity in Jiyoye, H9 and CCRF-CEM
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HOZ} THIZE F74 H=Z74 Wdy AEF2 CCRF-
CEMo| A TGF- g10] A|7to] Aol whe} A EA Ao
3t A Z-go] gzl vl 2 =Folrl 1Tk
AERAS A= TGE-B19] 2g 7] - tha)
NE ol A7tA BEsE G A AA etk TGF-glo]
A ol A A2 veteld WA A EEH
A= TGF- g1 +8&A ¢k Afete] Ax9] A s
AZ HE AEgozHn 7} 3 At AE e
S0i7t TGF- 818 c-myc §3AF 2= A EF7]9
P42 ¢l cyclin®} cyclin-dependent kinase (CDK)9] %
AARE Bt AESHE AASe AoE Ry
T Yok BAE YzE A EF A TGF- 19| Al
ERZ Fe FFH 2 VIHE GolE AFlA
TGF- 1 FZ cyclin A9] JAIE Fato] A7} S7)
2 dgehs Ag ATFozM AZHLE ARG
3 8k oh® EEE Burkitt 932 E A X360 A TGF- g1
o] caspase 8 &5HE 53 xﬂiz}‘gx}—g G=3ko] A

cell lines

Telomerase activity (AA*)

24 hours 48 hours 72 hours
Control TGF- 51 Control TGF- 51 Control TGF- 51
Jiyoye + (0.499) + (0.230) + (0.428) + (0.211) + (0.404) - (0.146)
H9 + (0.399) + (0.324) + (0.296) + (0.272) + (0.222) + (0.227)
CCRF-CEM + (0.556) + (0.360) + (0.554) + (0.541) + (0.467) + (0.467)

*AA, Asample — Aneattreated sample; —, Negative; +, positive for

telomerase activity.
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