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Effects of Transforming Growth Factor-fi1 and Its
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University, Cheongju, Korea University, Cheongju, Korea

Purpose: We investigated whether the expression levels of Transforming
growth factor [il1 (TGF-fil) and its receptors were related to the develop-
ment, recurrence, progression and disease-free survival in the patients with
bladder cancer.

Materials and Methods: The mRNA levels of TGF-fil and its receptors
were examined in 102 tumor specimens from patients with primary blad-
der cancer, 29 corresponding normal bladder mucosae specimens sur-
rounding these tumors and 15 normal bladder mucosae specimens by
performing quantitative competitive PCR (QC-PCR). The protein levels of
TGF-fil and its receptors were investigated by performing immunohisto-
chemical staining on sections cut from 86 archival bladder tissue paraffin
blocks.

Results: QC-PCR analysis showed that expressions of TGF-fil, TGF-f
receptor I (TGF-fiRI) and receptor II (TGF-fRII) in the superficial and
low-grade bladder cancers were significantly higher than those in both
the corresponding normal bladder mucosae surrounding the cancer (p=
0.0069, 0.0022 and 0.0046, respectively) and the control’s normal bladder
mucosae (p=0.0014, 0.0125 and 0.0089, respectively). Expressions of TGF-fil
and its receptors were enhanced in the non-recurred and non-progressed
patients compared to the recurred cases (p=0.0022, 0.0003 and 0.0001, re-
spectively) and the progressed cases (p=0.0002, <0.0001 and <0.0001, re-
spectively). Patients with high expression of TGF-fil and its receptors had
a significantly higher disease-free survival rate than those patients with
low expressions (p=0.0129, 0.0121 and 0.0132, respectively).
Conclusions: The enhanced expression of TGF-fil and its receptors was
correlated not only with superficial and low-grade bladder cancer, but also
with enhanced patient survival. In conclusion, our findings suggest that
the expressions of TGF-fil and its receptors are useful prognostic markers
for a patient’s resistance to disease recurrence and/or progression. (Korean
J Urol 2006;47:426-435)
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Table 1. Primer sequences of TGF-[{l, TGF-RI and TGF-RII for QC-PCR

Gene Primer sequences

P1 5’-GACTATCCACCTGCAAGACT-3’

TGEf1 P2 5’-TCTCGGAGCTCTGATGTGTT-3’
P3 5’-TCGCCCTGTACAACAGCAGGATCCTACTACGCCAAGGAGGTC-3’
P4 5’-GACCTCCTTGGCGTAGTAGGATCCTGCTGTTGTACAGGGCGA-3’
P5 5’-AAGCCAGCCATTGCTCATAG-3’

TGF-[RI P6 5’-GAACTTCAGGGGCCATGTAC-3’
P7 5’-GAACTTCAGGGGCCATGTACCATGTCTTACTGCCAGTCCT-3’
P8 5’-GACATCTCGCTGTAATGCAG-3’

TGF-:RII P9 5’-TCTGGATGCCCTGGTGGTTG-3’

P10 5’-GACATCTCGCTGTAATGCAGACCCCTGTGTCGAAAGCATG-3’

TGF-[1: transforming growth factor [il, TGF-[R: transforming growth factor [* receptor, QC-PCR: quantitative competitive polymerase

chain reaction
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Fig. 1. A-C, Each serially diluted competitor (111) is co-amplified with a 1ul sample of cDNA. The PCR products are separated on
2% agarose gel and then visualized by ultraviolet light after ethidium bromide staining, and the density of each band is quantified. D-F,
The ratio of target cDNA to its competitor is log transformed and plotted against the amount of competitor cDNA initially added to each
PCR reaction to produce the standard curves. When the competitor is diluted to 10° (50pg/ml), the ratio of TGF-[i1 to competitor
approaches 1. When the competitor is diluted to 5x107 for TGF-[RI (3pg/ml) and TGF-BRII (25pg/ml), the ratio of the target to
competitor reaches 1. Therefore, we perform QC-PCR using the competitor at the above concentrations for quantifying TGF-[:1 and its
receptor expression levels (PCR: polymerase chain reaction, TGF-'1: transforming growth factor [i1, TGF-IR: transforming growth factor
|4 receptor).
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Table 2. mRNA expression levels of TGF-:1 and its receptors in bladder cancers and the corresponding normal bladder mucosae sur-

rounding cancer (n=29)

TGF-[1

Superficial (26) 47.09+14.47
Corresponding normal (26) 4.41+1.09
p-value 0.0069
Invasive (3) 17.79+8.93
Corresponding normal (3) 6.89+2.53
p-value 0.3052
Low-grade (22) 52.47+£16.62
Corresponding normal (22) 3.29+0.72
p-value 0.0075
High-grade (7) 17.64+10.87
Corresponding normal (7) 8.99+3.13
p-value 0.4692

TGF-[1: transforming growth factor [*

Student’s t-test, Pearson’s correlation-test, Kaplan-Meier life-test
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2. BER0IM TGF- & +3A| &l Al0|9] &f2HtA

B Aol WY 24 TGRSl % 1 S84 %
& Apolo] Aahiol thstel ZALSHAT FHANA TGFL
3 TGF-fRI % TGFARI] & Afolo]i Hoje 4

= (Pearson’s correlation coefficient)”} 2tz r=0.7468 & r=

TGF-['RI TGF-'RII
2.32+0.55 24.62+6.22
0.45£0.05 5.09£1.10

0.0022 0.0046
1.58+0.72 14.25+7.61
0.90+0.34 10.25+5.14

0.4420 0.6855
2.09+0.48 27.08+7.17
0.45+0.06 4.89+1.13

0.0026 0.0058
2.74+1.48 12.42+4.48
0.65£0.19 7.93£2.99

0.2083 0.4198

Table 3. TGF-P'l and its receptors’ expression levels with stage,
grade, recurrence and progression in bladder cancers, and TGF-[*1
and its receptors’ expression levels in the normal bladder mucosae
(n=102)

TGF-[1 TGF-FRI  TGF-['RII

Superficial (n=74) 23214562 1.19+0.22  13.80+2.56
Invasive (n=28) 297+1.19  0.48+0.17 2.62+1.11
p-value 0.0007 0.0119 0.0001
Low-grade (n=70) 23.85+593  1.13£0.23  13.73£2.70
High-grade (n=32) 4.09£1.30  0.69+0.18 4.16£1.37
p-value 0.0017 0.1390 0.0021
Superficial recurrence

Non-recurrence (n=45) 34.61+8.80 1.73+0.34  20.26+3.89

Recurrence (n=29) 5.51+1.75 0.36+0.08 3.78+0.98

p-value 0.0022 0.0003 0.0001
Progression

Non-progression (n=76)23.18+5.48  1.25+0.22  13.98+2.50

Progression (n=26) 1.49+0.51 0.26+0.08 1.24+0.47

p-value 0.0002 <0.0001 <0.0001
Normal (n=15) 3.84£1.56 0.58+0.09 5.13£1.94

Superficial vs normal: TGF-Jil, p=0.0014; TGF-{RI, p=0.0125;
TGF-RII, p=0.0089. Low-grade vs normal: TGF-P'1, p=0.0016;
TGF-['RI, p=0.0298; TGF-['RII, p=0.0118

0.8780°. 2 wl-¢- LA 4B AAE YT} (p<0.0001). &=
3 TGF-fRIZ} TGF-[RI W& Alo]o= {28 AF#A o]
#A2E AT (1=0.7672, p<0.0001) (Fig. 2).
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Fig. 2. Positive correlation among the mRNA expression levels of TGF-[1, TGF-'RI and RII in bladder cancer. A: TGF-[il vs TGF-!RII
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o] P25 At} (p=0.0022, 0.0003, 0.0001). T3 H
PR g FAwolA H7)7h APd e
6}01 A AR B ou] oA Ee dES veRlt
(p=0.0002, p<0.0001, p<0.0001) (Table 3).

4. TGF-M & +Ex|o| 250 2hatet

rlok

xfo] MES

TGF-f1 ¥ 2 83 THEAHE cut-off valueE 3}7]
st olget 2 Tdo|A] simple logistic regression
analysisS Al 3FH T 0.1959xTGF-i1+0.7232=logit (p <
0.0001), 1.0355xTGF-[RI1+0.9230=logit (p=0.0050), 0.1804x
TGF-FRII+0.8158=logit (p<0.0001). A5 HE3F o]
80% % 9 ZEoll A ALFE cut-off value= 77k TGF-Pl
= 3.39pg/ml, TGF-FRIE 0.45pg/ml, TGE-IRIIE 3.16pg/ml

Control

TGF-B1

TGF-BRI i

TGF-BRII

G1/superficial

A% 24
=0.0129). L3

o]t} TGFi1<] &d ko] 3.39pg/mlith =&
o AEE HE EE Ao FAHAGp
TGF-[RI2] ¥& oFo] 045pgmlEt =S 7
RII«] W okol 3, 16pg/mli‘ﬂr =A 2dE 7

S g HlEte oS =2 A AEgo] #EEHAG
(p<0.0121, p<0.0132) (Fig. 3).

5. EA0A TGF-f1 X 1 +SH| CHHZl &s

TGFil 2 S8 mRNAS @l d o] w38 Hws}y)
A3ty WAooz iy HPTE SH3
Tk TGF-il 2 484 T do] My Axrge] Moz
#FE Qo wagobdl A TGENl 2 484 mRNAY
A3 A FsiA #HZEHAT (Fig. 4). TGF-Hl 2
FeA g Ae ASH Bl 2 FA4A Fgl 1

G3/invasive

Fig. 4. Immunostaining of TGF-[i1, TGF-FRI and TGF-FRII in normal and cancerous bladder tissues. Each column shows sections from
the same tissue sample that were stained for the different antigens. The left column shows similar levels of the three proteins in normal
bladder mucosa (A: TGF-[i1, B: TGF-'RI, C: TGF-['RII). The middle column shows elevated levels of the three proteins in grade
1/superficial bladder cancer (D: TGF- [t1, E: TGF-['RI, F: TGF-'RII). The right column shows similar low levels of the three proteins
in grade 3finvasive bladder cancer (G: TGF-il, H: TGF-[!RI, I: TGF-['RII).
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Table 4. Protein expression levels of TGF-J3l and its receptors
in bladder cancers and the normal bladder tissues (n=70)

TGF-1 TGF-FRI ~ TGF-RIL
Superficial (n=30) 6.25+0.47 6.57£040  4.62+0.28
Invasive (n=40) 3.39+0.25 4.73£0.40 3.60+0.29
p-value <0.0001 0.0022 0.0165
Low-grade (n=33) 6.29+0.36 6.95£0.37 4.92+0.22
High-grade (n=37) 3.12£0.30 4.23+0.36 3.24+0.29
p-value <0.0001 <0.0001 <0.0001
Normal (n=16) 3.69+0.38 4.50£0.45 3.50+0.42

Superficial vs normal: TGF-fil, p=0.0001; TGF-{RI, p=0.0023;
TGF-I'RII, p=0.0287. Low-grade vs normal: TGF-}:l, p<0.0001;
TGF-RI, p=0.0003; TGF-RII, p=0.0017
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