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Expression of Woplakin Ib and Uroplakin 1l Genes in Tissues and Peripheral
Blood of Patients with Transitional Cell Carcinoma
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Yusaku Okada

Department of blogy and*Central Rese@h Laboratoy, Shiga University of Medical Science, Seta,
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Uroplakins (UPs), uothelium-specific transmembrane poteins, ae present only in uothelial
cells. We have determined the nucledde sequences of humatP-Ib and UP-IIl and syrthesized
specific primer pairs. The two UP genes wee exgessed in both cana®mus and noncanceous
urothelia taken from all patients examined byreverse transcription-polymerase chainreaction
(RT-PCR). These genes we also detected in the peripheral blood of 3 patients with metastatic
transitional cell carcinoma (TCC), but not in that from 9 patients with non-metastatic TCC or 3
healthy volunteers. The sensitivity of our assay was sufficient to detect one cancer cell in 5 ml of
peripheral blood. Detection ofUP gene-expession in blood byRT-PCR may provide helpful infor-
mation for the diagnosis and management of TCC.

Key words:  Uroplakin Ib — Uroplakin 1l —Transitional cell carcinoma — Reverse transcription-
polymerase chain reaction

Uroplakins (UPs), including UP-la, UP-Ib, UP-Il and IbA2 (5-CCTACAGTCTATAACAATGTTGCA-3, nucle-
UP-Ill, have previously been described only as urothe-otides 1047 to 1070 of bovine UP-IQ-uhtranslated
lium-specific transmembrane protein8.UPs are believed region), and the UP-IIl primers, UP-1IIS1 '{8TCG-
to stabilize the luminal surface of the epithelium and toCAGCTTCTCCCAGGCGZ, nucleotides—20 to -1 of
prevent a rupture of the surface during bladderbovine UP-IlI B-untranslated region) and UPIIAXS'{
distention*® In an immunohistochemical stydJPs were CCTGTCCAGGGACGGCCCC@, nucleoides 812to
shown to be detectable in most transitional cell carcino-831 of bovine UP-IIl 3untranslated region), according to
mas (TCC), irrespective of grade or stage, and were nevahe repoted sequences of bime UP-1b® and UP-III,®
detected in other canceé?<Expression of UPs is a specific respectivel. Specimens analyzed in this study were
marker for urothelium, so UPs are good candidates asbtained by transurethral resection and cut in half. One
tumor markers specific for TCC. Howeyeonly UP-II sample was frozen immediately and stored&Q3°C until
gene expression has been confirmed in human TCC tisRNA extraction. The other was fixed with neutralized
sues? as theUP-Ib and UP-Ill geres have not yet been buffered formalin for routine histopathologic examination.
characterized gficiently. Total cellular RNA was extracted from normal bladder

In this study we determined the nucleotide sequences dfssue by the acid guanidium thiocyanate-chloroform
human UP-lb ard UP-lll and investigated the expression method preiously described and first-strand cDNA
of the humanUP-lb and UP-Ill genesin TCC using was synthazed from 5ug of total RNA using 20 units of
reverse transcription-polymerase chain reactidRT-( RAV-2 reverse transcriptasdagkara, Otsu) and random
PCR).We also investigated the expression of these genesonamers. Portions () of the cDNA were amplified
in the peripheral blood of patients with non-metastatic andoy PCR as described previoy$? The reaction mixture
metastatic TCC. (50 ul) consisted of 25 M Tris-HCI (pH 9.0) containing

First, to obtain the nucleotide sequences of hutbBn 50 mM KCI, 2 mM MgCl,, 1 mM dithiothreitol, 200uM
Ib and UP-Ill, we sytthesized the UP-lb primers, UP- dNTPs, 1.25 units of Ampllag DNA polymerase
IbS1 (B-GGCTTGGGGGAMTCCTGAAG-3, nucleotides  (Takara) and 200 ng each of primers. Amplificatwas
41 to 61 of bovine UP-IB'-untranslated region) and UP- performed with 30 cycles of denaturation (94°C, 1 min),

annealing (55°C, 1 min) and extension (72°C, 1 min). The
3To whom reprint requests and all correspondence should bdoublestranded DNA fra_gme_nt ge_nerated by PCR was
addressed. ﬁrepared by membrane filtration Wlth Suprec-0akara)
4The nucleotidesequence dateeported in this paper will appear @nd directly sequenced. The nucleotide sequences of these

in the DDBJ/EMBL/GenBank nucleotide sequence databasedragments were detained and the corresponding amino
with the accession numbers AB010637 and AB015234. acid sequences were deduced (Fig. 1, A and B). The
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A B

ATGGCCAAAGACAACTCAACTGTTCGTTGCTTCCAGGGCCTGCTGATTTTTGGARATGTG 60 ATGCCTCCGCTCTGGECCCTECTGGCCCTCEGCTGCCTGCEETTCGGCTCGGCTGTGAAC 60

M A K D N S T VR cF 96 L L I F 6NV M P P L WA ULTULATL GG C L R F & 8§ A V N

ATTATTGGTTGTTGCGGCATTGCCCTGACTGCGGAGTGCATCTTCTTTGTATCTGACCAR 120 CTGCAGCCCCAACTGGCCAGTGTGACTTTCGCCACCAACAACCCCACACTTACCACTGTG 120
I 1 6 ¢ ¢ 6 I A L T A E ¢ I F F V S8 D Q L o P @ L A s V T F A T NNGETLOITTITV
CACAGCCTCTACCCACTEETTEAAGCCACCEACAACCATCACATCTATCEGECTGECTEE 180 GCCTTGGAAAAGCCTCTCTGCATGTTT GACAGCAAAGAGGCCCTCACTGGCACCCACGAG 180
H § L Y P L L E A T D N D D I Y G A A W A L E K P L ¢ ¥ F D S K E A L T G T H E
GTCTACCTGTATGTCCTGGTCGACTCAGCCATTTCCAGGAATGCCTCAGTGCARGACAGE 240
ATCGGCATATTTGTGGGCATCTGCCTCTTCTGCCTGTCTGTTCTAGGCATTGTAGGCATC 240
I ¢ I F VvV 6 I ¢ L F ¢ L 8§ V L 6 I Vv 6 I v¥LyvyLv Db s A I §RNASV QD s
ACCAACACCCCACTGGGCTCAACGTTCCTACAAACAGAGGGTGGGAGGACAGGTCCCTAC 300
ATGAAGTCCAGCAGGAAAATTCTTCTGGCGTATTTCATTCTGATGTTTATAGTATATGCC 300
T N T P L 6 8§ T F L @ T E G G R T G P Y
N K s s R K I L L A Y F I L M F I v Y A
AAAGCTGTGGCCTTTGACCTGATCCCCTGCAGTGACCTGCCCAGCCTGGATGCCATTGGGE 360

TTTGAAGTGGCATCTTGTATCACAGCAGCAACACAACGAGACTTTTTCACACCCAACCTC 360 Xk A V A F D L I » ¢ § D 1 2 S T D a I @&

F E V A s ¢ I T A a T @ R D F F T P N L
GATGTGTCCAAGGCCTCACAGATCCTGAATGCCTACCTGETCAGGETGEETGCCARCEEE 420

TTCCTGAAGCAGATGC TAGAGAGGTACCARAACAACAGCCCTCCARACGATGATGACCAG 420 D VvV 8 K A § ¢ I L N A Y L V R V G A N €

F L K M L s

2 E R Y Q@ NN PP N DD DO ACCTGCCTGTGGGATCCCAACTTCCAGGGCCTCTGTAACCCACCCCTETCGGCAGCCACE 480

TGGAAAAACAATGGAGTCACCAAAACCTGGGACAGGCTCATGCTCCAGGACAATTGCTGT 480 T ¢ L W D F NF ¢ 6 L ¢ NP P L S§ A AT

W XK N N ¢ vV T K T WD R L M L ¢ D N ¢ ¢ GAGTACAGGTTCAAGTATGTCCTGGTCARTATGTCCACGGGCTTGGTAGAGGACCAGACE 540
E Y R F K ¥ YV L ¥V N M 8 T ¢ L V E D Q T

GGCGTARATGGTCCATCAGACTGGCAAAAATACACATCTGCCTTCCGGACTGAGAATAAT 540

¢« v N ¢ P S D W @ XK Y T § A F R T E N N CTGTGGTCAGACCCCATCCGCACCAACCAGCTCACCCCATACTCGACGATCCACACGTGG 600
L W s D P I RTNGETLTE® P Y S§ T I DT W

GATGCTGACTATCCCTGGCCTCGTCAATGCTGTGTTATGAACAATCTTAAAGAACCTCTC 600

D A D Y P W ?P R @ ¢ ¢ v M N N L X E P L CCAGGCCGGCGGAGCGGACGCATGATCGTCATCACTICCATCCTGEECTCCCTCCCCTTE 660
P ¢ R R § 6 6 M I V I T s I L 6 5 L P F

AACCTGGAGGCTIGTAAACTAGGCGTGCCTGGTTTTTATCACAATCAGGGCTGCTATGAR 660

N L E A ¢ R L @ Vv P G F T E NGGE E Y E TTTCTACTTGTGRGTTTTGCTGGCECCATTGCCCTCAGCCTCETGGCCATEGGGAGTTCT 720
F L L VvV ¢ F A ¢ 2 I A L § L V & M & 8§ €

CTGATCTCTGGTCCAATGAACCGACACGECTGREEGETTGCCTGRTTTGGATTITGCCATT 720 GATGGGGAAACGACTCACGACTCCCAAATCACTCAGGAGGCTATTCCCARGTCGCTGGGE 780

L I s G P M N R E A W ¢ V A W F 66 F a I
D ¢ E T T H D 5 @ I T ¢ E A Vv P K s L ¢

CTCTGCTGGACTTTIT TTCTCCT TACCATGTTCTACTGGAGCAGAATTGAATAT 780 GCCTCGGAGTCTTCCTACACGTCCGTGAACCRGGGGCCGCCACTGGACAGGECTCAGGTS 840

L ¢ W T F WV L LG TMF Y WS RIEY A s E § S Y ? s VNURGT® PP L DR A E V

TAA TATTCCAGCAAGCTCCAAGACTGA

* Y § 8 X L Q D *

Fig. L HumanUP-Ib (A) andUP-III (B) nucleotide sequences and the deduced amino acid sequences.

deduced amino acid sequences of hurd®-Ib and UP- human UP-Ill and HUPIIIA6 5AGAAGGGCAGG-

Il were 93% and 85% identical with those of bowiie- GAGCCCAGG-3, nucledides 641 to 661 of human UP-
Ib andUP-IIl, respectivef®® lIl) according to the nucleotide sequence of the human
Secondy, in order to examine the expression of humanUP-IIl (Fig. 1B). The HUPIII first and second primer

UP-Ib and UP-Ill genes in the tissues and peripheral pairs amplified 783 bp and 392 bp fragnsentspec-
blood of paients with TCC, we synthemed two human tively. A humanbeta-actin(B3-actin) specific primer pair,
UP-Ib-specific primer pairs; the HUPIb first primer pair 5-GTGGGGCGCCCCAGGCACCA and 5-CTCCTTA-
(HUPIbS3 5ATGGCCAAAGACAACTCAACT-3, nucle- ATGTCACGCACGATTTC-3, was used as a control
otides 1 to 21 of humabP-Ib and HUPIbA45'-ATAT- primer pair as described previopy® We analyzed the
TCAATTCTGCTCCAGIAG-3, nucleotides 759 to 780 expression of hurmUP-Ib and UP-III genes in normal

of human UP-lb) and the HUPIb second primer pairtransitional cells from 3 patients with noncancerous dis-
(HUPIbS5 5-CAACGAGACTTTTTCACACCC-3, nucle-  eases and 12 primary TCCs, including 3 of grade 1, 7 of
otides 334 to 354 of human UP-lb and HUR5'- grade 2 and 2 of grade 3, of the urinary bladdeRby
CCCCCAGGCGTGTCGGTTCA-3 nucleotides 677 to PCR with the respective second primer pairs. The histo-
696 of human UP-Ib) according to the nucleotide logic diagnosis and clinical stage were determined accord-
sequence of the hum&JP-Ib gene (Fig. 1A). The HUPIb ing to the General Rule for Clinical and Pathological
first and second primer pairs amplified a 780 base paiStudies on Bladder Cancer in Japanhe humanJUP-Ib

(bp) fragment and a 363 bp fragment, respegctivédle ard UP-IIl genes were both amplified in all 3 normal
also synthesized two humaJP-Ill-specfic primer pairs;  urothelium samples and all 12 bladder cancers (Fig. 2).
the HUPIII first primer pair (HUPIISE'-GCCAGTGT-  These results indicated that the huntdid-Ib and UP-I11I
GACTTTCGCCACC-3 nucleotides 76 to 96 of human genes are highly conserved, and are expressednihpoin
UP-IllIl and HUPIIIA4 5'-TTGGAGCTTGCTGGAATAC- normal transitional cells, but also in TCC.

3, nucleotides 840 to 858 of human UP-Ill) and the We assessed the feasibility of detectig-Ib and UP-
HUPIII second primer pair (HUPHISS'-ACAAACA- [l gene-expressing cancer lseby nestedRT-PCR using
GAGGGTGGGAGGACAG-3 nudeotides 270 to 292 of HT1197 a TCC cell line. HT197 cells were serially
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Normal TCC Table I. Clinicopathologic Data of Patients with TCC of Uri-
1 2 312345672829 101112 nary Bladder Whose Peripheral Blood Was Used for Nested RT-
UP-Ib PCR Analysis

v R ee—————  fc S e Gwk W Wb e

1 60 F Gl TaNOMO - -

(RN — - — — — — = — —— = — — — ] 2 63 M G3 TisNOMO - -
Fig. 2. RT-PCR analysis for expression of the hunutlb 3 30 M Gl TiaNOMO - -
and UP-Ill genes in normal urothelium and TCC. Expression of 4 65 M G2 T1bNOMO - -
humanUP-Ib andUP-IIl genes was analyzed in 3 normal transi- 9 73 M G2 T1IbNOMO - -
tional cell samples (Normal) and 12 TCC samples (TCC: No. 1- 6 61 M G2 T2NOMO - -
3, grade 1; No. 4-10, grade 2; and No. 11, 12, grade 3) by RT- 7 56 M G2 T2NOMO - -
PCR. Expression gB-actin was used as a control. 8 79 F G3 T3bNOMO - -
9 63 M G3 T3bNOMO - -

10 56 F G2 T2N2M1 + +

11 52 F G2 T2N3M1 + +

12 68 M G2 T1bN2M1 + +

0 1 10 10210°10%10°10° UPIb, UPIII: expression of UPIb and UPIII detected 6r not

ST o o o | (-) by nested RT-PCR.

ve-m [t

actin | —— ——

P-actin Normal TCC

Fig. 3. Sensitivity of detection dfP-Ib- andUP-IlI-expressing 1 231234567809 101112

cancer cells using HT1197 cells in blood by nested RT-PCR. UP-1b |G

Each lane includes 0, 1, 10,21aC, 1¢, 1C, or 1¢ cancer cells

in 5 ml of normal blood. Expression @actin was used as a  UP-III |
control. 1
R = = — = e — — = — — — — — —|

Fig. 4. RT-PCR analysis for expression of humaR-lb and
UP-1ll genes in peripheral blood of healthy volunteers and
patients with TCC. The expression 0P-Ib and UP-Ill genes

diluted from 16 to 1 cell in 5 ml of peripheral blood. Was analyzed in peripheral blood of 3 healthy volunteers (Nor-
From blood samples, cells were isolated by a density se;%‘a') and 12 patae”ts Wk:th TCC (ch(l:) by nested RT-PCR. Num-
aration method using Leucoprep (Becton & Dickinson, qugggeasspgncontgolt ose in Table I. Expressionfaictin
Franklin Lakes, NJ), washed once in phosphate—buffere(yv '
saline and stored at80°C until RNA extraction. Total
RNA was isolated from the diluents and used for nested
RT-PCR using the respective UP first and second primer
pairs to determine the sensitivity in detectid®-lb and  4). These results indicate that circulating TCC cells can
UP-IIl gene-expressing cancer cells in blood. In thebe detected by nested RT-PCR using the hubiasspe-
peripheral blood of three healthy volunteers, neither thecific primer pairs.
UP-Ib nor theUP-IlIl gene was detected. Expression of Recently, PCR-based methods for analyzing tumor-
both genes could be detected in one cancer cell in 5 ml adssociated gene expression have been reported to be
blood (Fig. 3), indicating that our assay system is highlyhighly sensitive in the detection of circulating tumor cells
sensitive. in blood**"” The UP-Ib andUP-Ill genes were also indi-
Finally, expression of the humadP-lIb and UP-III cated to be TCC-specific when expressed in the peripheral
genes in the peripheral blood of patients with TCC wasblood in this study (Fig. 4). Until now, no tumor marker
analyzed by nested RT-PCR using the respective first andpecific for TCC in serum has been known. Expression of
second primer pairs, as described above. ClinicopathodPs is a marker for urothelium, suggesting that UPs are
logic features of the peripheral blood of the additional 12candidates for TCC-specific serum tumor markers. We
patients examined are summarized in Table |. Expressiohave now produced recombinant human UP proteins in
of both genes was detected in the peripheral blood of alEscherichia coli BL21 competent cells (Novagen, Madi-
three patients with metastatic TCC, but not in any of the on, WI) using a pET32a expression vector system
non-metastatic TCC cases or in 3 healthy volunteers (FigiNovagen) and are raising monoclonal antibodies against
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the UPs to investigate these proteins in serum sampleend management of TCOo our knowledge, this is the
from patients with TCC. first report of the detection bRT-PCR of circulating can-

In summay, we determined the nucleotide sequences ofter cells in patients with TCC.
human UP-Ib and UP-IlIl and sytheszed humanUP-Ib
and UP-IIl spedfic primers. Expression of humddP-I1b We wish to thank M Masafumi Suzaki of the Central
and UP-IIl genes in both normal urothelium and TCC Research Laboratgr Shiga University of Medical Sciences, for
arising in the urinary bladder was detected in peripherahis technical assistance. This work was partly supported by a
blood samples of patients with metastatic T@& could Grant-in-Aid for Scientific Reseahncfrom the Ministry of Edu-

detect one cancer cell in 5 ml of peripheral blood with ourcation, Science, Sports and Culture of Japan.

assay system. Detection &fP-Ib and UP-lll genes by

(Received June 8, 19/Revised July 8, 182Accepted July 16,

RT-PCR may provide useful inforrtian in the diagnosis 1998)
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