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Detection of Bladder Cancer Using a Novel Nuclear Matrix
Protein, BLCA-4*1

der cancer. BLCA-4 is a bladder cancer-specific marker that
can be detected using a urine-based assay and can be used in
the diagnosis of bladder cancer.
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Introduction

In the United States, bladder cancer is the fourth most
common cancer in men and the eighth most common cancer in
women. An estimated 53,200 cases of bladder cancer will be
diagnosed in 2000, and it will account forl2,200 deaths (1).
Several important risk factors have been identified for bladder
cancer including cigarette smoking, exposure to chemicals such
as aniline dyes, benzidine compounds, aromatic amines, “slow
acetylator” metabolic phenotypes (2), and the presence of
chronic inflammation or infection of the bladder (3). Histolog-
ically, >90% of bladder cancers are transitional cell carcino-
mas; squamous cancers and adenocarcinomas constitute 5-6
and 1%, respectively (4).

Abstract

We have identified previously six nuclear matrix pro-
teins (NMPs) that are bladder cancer specific. In this study,
we analyzed the expression of one of these proteins,
BLCA-4, in bladder tumors and normal bladder tissue. We
also examined the appearance of BLCA-4 in the urine as a
biomarker for bladder cancer. BLCA-4 was isolated from

nuclear matrix preparations of bladder tumors, and its pep-
tide sequence was determined. The antibodies generated
against the resulting BLCA-4 peptides were then used to
detect its presence in immunoblots and in urine samples by
immunoassay. We analyzed tissue samples of bladder tumor
and normal donor bladders and urine obtained from 51

Currently, the only available method for bladder cancer
detection is morphological examination of cytology samples
or cystoscopic biopsies. Voided urine cytology is accurate for
high-grade lesions; however, a significant proportion of blad-
der tumors (25-45%) are low grade or well differentiated and

escape detection upon examination of exfoliated cells. The
sensitivity of urine cytology is higher for carcinonia situ

and poorly differentiated tumors, while being fairly low for
low-grade or well-differentiated tumors (5). Repeating the
study can increase the sensitivity of cytology; however, this
is a costly and time-consuming practice for both the patient
and physician. When bladder cancer is detected early at a
localized stage, the 5-year survival rate is 94%. Disease that
has spread regionally or distantly lowers survival to 49 and
6%, respectively (6). Development of a sensitive diagnostic
test that could specifically detect bladder carcinoma would
significantly facilitate patient management and allow earlier
treatment of this disease.

One characteristic that is common to all cancer cells is
abnormal nuclear shape and the presence of abnormal nucleoli.
These alterations are so prevalent in cancer cells that they are
commonly used as a pathological marker of transformation.

rev / I ) Nuclear shape reflects the internal nuclear structure and pro-
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normal individuals and 54 patients with pathologically con-
firmed bladder cancer. The BLCA-4 peptide sequences do
not resemble any known human protein sequences. On im-
munoblot analysis, BLCA-4 expression was detectable in
tumor and normal tissues from patients with bladder cancer
but not in any of the normal bladder tissue obtained from
organ donors. Using a prospectively determined cutoff level
of 13 A (absorbance) unitsfvg protein, all 51 normal indi-
viduals tested were negative for BLCA-4 expression,
whereas 53 of 55 samples from patients with bladder cancer
were positive. These results suggest that BLCA-4 is present
throughout the bladder in both the tumor and morpholog-
ically normal areas in bladder cancer patients. BLCA-4 is a
very sensitive (96.4%) and specific (100%) marker for blad-
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Although all cell types and physiological states share the



Clinical Cancer Resear@619

majority of known NMPs> some NMPs appear to be unique to Pittsburgh Medical Center. Truly normal bladder tissue was ob-
certain cell types or states. We have demonstrated previouslained from 11 unaffected individuals who were organ donors and
that the protein composition of the nuclear matrix is tissuedied of causes unrelated to bladder cancer. The patients ranged in
specific and can serve as a “fingerprint” of each cell and/orage from 43 to 79 years with a mean age of 61.8 yeaid (years).
tissue type (11). Mitogenic stimulation and the induction of Thirty-eight % of the sample population was female. In the immu-
differentiation alter the composition of nuclear matrix proteins noblot studies, most of the patients had invasive transitional cell
and structure (12, 13). Differences in NMP composition are alsccarcinomas with grades of 3—4. Age ranges in the organ donor
found in a number of human tumors including prostate (14, 15) population were 19—67 years with a mean age of 36.9 ye=t8 (
renal (16), breast (17), colon (18), cervical (19), and head angears). To control for age differences, only samples from individ-
neck (20, 21). These data provide a strong rationale for ouuals>40 years of age were used in these studies. All samples were
investigation into the differences in NMP composition that confirmed by the pathologist as containing either relatively pure
might be discerned in normakrsusmalignant bladder tissue. samples of tumor or normal cells. Nuclear matrix proteins were
Previously, another urine-based test for NMPs has been used faxtracted for immunoblot analysis using the method of Fey and
the detection of bladder cancer with variable results. ThePenman as modified by Getzenbetgal. (14). The approximate
NMP22 test (Matritech, Inc., Newton, MA) measures urinary amount of each sample used was 1 g, from which about 300-500
levels of the nuclear mitotic apparatus protein (NUMA), and ng of NMPs were extracted and used for performing multiple
high levels of this protein have been demonstrated to be presefmunoblot analyses.
in patients with recurrent bladder cancer (22). The protein A standard protocol was followed in the production of
detected by the NMP22 test can be found in the nuclear matriantibodies raised against one of the BLCA-4 peptides. Using the
of most cell types and is not specific to bladder cancer. peptide sequence derived from sequencing, the corresponding
In an earlier study, we examined normal and tumor bladderspots from high-resolution, two-dimensional gels, peptides were
tissue samples from 24 patients undergoing surgery for bladdedesigned from which to raise antibodies. The peptides produced
cancer at the University of Pittsburgh Medical Center (23). All were modified slightly to include the addition of terminal cys-
patients had transitional cell carcinoma. The NMP compositiongeines for coupling purposes, along with several amino acids for
of the 24 tumors and their corresponding normal tissue werespacing to increase immunoreactivity. The sequences were ver-
then analyzed, using a computer-based gel analysis system. Tlifeed through mass spectroscopy and conjugated to keyhole
nuclear matrix compositions of all tumors were found to belimpet hemocyanin. The sequence that we used for the BLCA-4
different from the nuclear matrix compositions of the matchedantibody was acetyl-EISQLNAGAhxC-amide. The resulting an-
normal tissue from the same bladder. We identified six proteingigen was suspended in saline and emulsified by mixing with an
(BLCA-1 to BLCA-6) that were present in all of the tumors and equal volume of Freund’s adjuvant. Two New Zealand White
were absent in the adjacent normal tissue and three proteins thedbbits (3—9 months of age) received injections of the peptide in
were found in all of the normal bladder tissue samples and wer¢hree to four s.c. dorsal sites four times over a 3-month period.
missing in the tumor samples. Tumors used in these studies wefEhe animals were bled from the auricular artery, and the
of varying nuclear grades. These differences appear to be uniqueerum was collected from three-production bleeds. Antibodies
to bladder cancer in that the molecular weights and isoelectriazvere  produced by Quality Controlled Biochemicals
points of the proteins do not appear to correspond to those of théHopkinton, MA).
nuclear matrix proteins reported previously to be different in Immunoblot analysis was performed according to standard
prostate, renal, breast, head and neck, or colon cancers. We alsstablished protocols. Twenjyg of each sample of extracted
examined a number of normal tissue sites and did not findNMP suspended in PBS were loaded and separated by 10%
expression of these proteins. We have developed a technique f@DS-PAGE. Tenul of Rainbow markers (Amersham Life Sci-
sequencing proteins isolated from spots in two-dimensional gelences, Arlington Heights, IL) were also loaded. Proteins were
and used this technique to sequence the three most abundantlyen transferred to a polyvinylidene difluoride membrane (Mil-
expressed bladder cancer-associated NMPs, BLCA-1, BLCA-4lipore, Bedford, MA), and the membrane was incubated over-
and BLCA-6. The resulting peptide sequence data were used toight in 10% nonfat dry milk in Tris-buffered saline (TBS) with
raise antibodies against these peptides as well as to synthesi®el% Tween at 4°C. The membrane was then washed with TBS
degenerate oligonucleotides that could be used to screen and 0.1% Tween, followed by a 1-h incubation with a 1:500
cDNA library to obtain the entire cDNA sequences. The focusdilution of anti-BLCA-4 antiserum and 10% nonfat dry milk at
of our current report is to characterize the expression patterns of°C. The membrane was further washed with TBS and 0.1%
one bladder cancer-associated protein in particular, BLCA-4. Tween and incubated fol h in 1:20,000 dilution of goat
antirabbit IgG secondary antibody conjugated with horseradish
Materials and Methods peroxidase (Pierce Chemical Co., Rockford, IL). The membrane
Bladder tumor tissue and adjacent “normal’ tissue wasWas washed again with TBS and 0.1% Tween, and proteins were

used for immunoblot analysis. These tissues were obtained frorfetected by a chemiluminescence reaction using the ECL im-

12 patients undergoing radical cystectomy at the University oftunoblot kit (Amersham Life Sciences). _ _
The detectability of BLCA-4 using the anti-BLCA-4 anti-

body was assessed by using serial dilutions of BSA-conjugated
anti-BLCA-4 antiserum against known concentrations of
3The abbreviations used are: NMP, nuclear matrix protein; Cl, confi-BLCA-4 peptide coated into the wells of a 96-well plate and by
dence interval. performing an immunoassay. Urine samples from patients with
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Fig. 1 Examples of immunoblot anal-
yses of BLCA-4 in bladder tissues,
30 kD the anti-BCLA-4 antibody (42280) was
used to detect the protein in bladder
cancer samples and normal adjacent
bladder tissues from patients undergo-
ing cystectomies for bladder cancer. As
8 indicated by thearrows, the BLCA-4
antibody is not able to differentiate be-
B tween tumor and adjacent pathologi-
1 - cally normal tissues and normal bladder
Antl BLCA 4 samples from organ donors that do not
have bladder canceBy). In individuals
without bladder cancer, the antibody did
not react with any of the samples that
we examined. In addition to the band
corresponding to BLCA-4, we found a
band ofM, ~50,000, which is a back-
ground band often seen with anti-NMP
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pathologically confirmed bladder cancer, along with normalincubated overnight at room temperature. The plates were rinsed
controls, were collected and tested with an ELISA that wethree times with deionized water and blocked with 30@f 1%
developed. The urine samples were precipitated in cold, absaBSA blocking buffer in TBS (1% BSA, 1% nonfat powdered
lute ethanol (1:3) on ice (4°C) for 30 min. The samples weremilk, and 0.05% Tween 20) for 30 min at room temperature.
then centrifuged at 187% g at 4°C for 30 min. The pellet was The washes were repeated before treating the wells with anti-
suspended in appropriate volumes with PBSY1The protein  body. The primary BLCA-4 anti-peptide antibody was added to
concentration of each of the precipitated urine samples was thetihe sample wells (5Q./well), which was diluted at 1:10 in 2.5%
determined using the Coomassie Plus assay (Pierce ChemicBSA Blocking buffer in TBS (2.5% BSA, 2.5% nonfat pow-
Co., Rockford, IL) and read at an absorbance of 500 nm. Fodered milk, and 0.05% Tween 20). Negative controls consisting
coating the high-binding 96-well plates, 0 each of sample of normal rabbit serum (preimmune) diluted in 2.5% BSA
were added to each well. Rabbit IgG was used as a positiv8locking buffer at 1:10 were added to another column and
control in these studies. The Rabbit IgG (Southern Biotechnolincubatel 2 h atroom temperature. After the incubation, the
ogy Associates, Inc., Birmingham, AL) was diluted at 1:2000 washes were repeated. The secondary antibody was goat-anti-
with room temperature TBS (25wmTris/HCI, 0.15m NaCl) and  rabbit (Southern Biotechnology Associates, Inc., Birmingham,
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Table 1 Summary of BLCA-4 immunoblot data (percentage of
samples with positive staining)

Controls

Individuals with bladder cancer (organ donors)

“Normal” tissu€®  Normal tissue

No. positive  9/12 (75%) 12/12 (100%) 0/11 (0%)
95% ClI 42.8%-94.5%  73.5%-100% 0%—-28.5%

Tumor tissu@

ground band that we often see with anti-NMP antibodies. This
approximatelyM, ~50,000 protein appears to have an affinity
for immunoglobulins, regardless of their origin.

The expression of BLCA-4 was then analyzed by immu-
noblot analysis of normal bladder tissue samples from organ
donors free of bladder cancer. As demonstrated in FigtHle
antibody did not react with any of the samples that we exam-

ined. In addition to the organ donor bladder samples, we in-
cluded a single tumor sample obtained from a patient who
underwent cystectomy for the treatment of bladder cancer. This
single sample produced positive reactivity in a band correspond-
ing with the expected size for BLCA-4. In addition to the band
AL) diluted at 1:1000 with 2.5% BSA Blocking buffer. To each corresponding to BLCA-4, the background band described
wel_l, except for the blank wells on th_e template, the secondaryypove was often evident. Thus, as opposed to the morphologi-
antibody (SOpl/well) was added and incubatedrfd h atroom  cajly “normal” areas in the bladders of individuals with bladder
temperature. The plates were washed, wrapped in plastic WraRgncer, the presumably truly normal samples from individuals
and stored at 4°C overnight. To all of the wells, including the \yithout bladder cancer do not react with the antibody. As
blank, 75ul of room temperaturg-nitrophenyl phosphate sub-  gescribed in Table 1, we have recently been able to expand these
strate (3 rm p-nitrophenyl phosphate, 0.0bsodium carbonate,  geries of studies. To date, we have found positive BLCA-4
and 0.05 nw magnesium chloride) were added, incubated forsaining in 100% (12 of 12) of the “normal’ tissues in the

1 h, and read at 405 nm. To assess variability of the resultg|aqders of patients with bladder cancer. In the corresponding
between assays, three precipitated normal c_ontrol samples aRgmor samples, 75% (9 of 12) showed BLCA-4 expression. The
one tumor urine sample were run, along with each batch ofemaining three tumor samples with no detectable levels at
precipitated tumor urine samples. Each sample was run multiplgtandard exposure did show low levels of expression upon
times. To determine the range of detectability of BLCA-4 in the f1ther exposure of the blots. When the bladders from unaf-
urine and variability within each assay, we conducted immuno<ected individuals were examined, expression was not found in
assays with four samples from patients with bladder tumors an%ny of the 11 samples examined, even when these blots were
one normal control using serial dilutions of sample over a rang&yerexposed.

of dilutions from 1:10 to 1:160. The initial precipitated protein The possible confounding effect of age differences was of
concentrations of these five samples (four tumor and one norzoncern. The patients with bladder cancer ranged in age from 43
mal) ranged from 0.397 to 1.958g/ul. All studies were per- 5 79 years, with a mean age of 62 years. The organ donor
formed according to Institutional Review Board-approved pro- opulation ranged in age from 19 to 67 years, with a mean age
tocols. Statistical analysis was performed using a two-sidegys 37 years. To achieve approximate comparability in age dis-
Wilcoxson signed rank sum test for quantitative determinationstribution’ donors<40 years were excluded from analysis. The
and the Fisher exact two-sided test for qualitative determina-age restriction was chosen blinded to the BLCA-4 outcomes.

& Compared with controls? < 4 X 10™* (exact test).
b Compared with controls? < 107° (exact test).

tions. The association between BLCA-4 and disease states was highly
significant @ < 4 X 104, Fisher exact two-sided test).
Results Recently, using a urine-based immunoassay, we have been

Using protein spots isolated from two-dimensional gels, wesuccessful in detecting BLCA-4 in 55 urine samples from 54
obtained two peptide sequences corresponding to distinct repatients with histologically proven bladder cancer and 51 nor-
gions of one of the bladder cancer-specific NMPs, BLCA-4. Themal volunteers. After testing various dilutions of anti-BLCA-4
first peptide has a 75% homology with a number of nonverte-antibody against known concentrations of the BLCA-4 peptide,
brate proteins including the Staph epidermis epiB protein andhe dilution yielding optimal detectability was 1:10, and this
several yeast proteins. The second peptide of BLCA-4 has 75%lilution was adopted for all future immunoassays. A “normal”
homology withArabidopsis thalian&RECTA and lower levels  cutoff value of 13A unitsjug of total urinary protein was
of homology with other proteins in the BLAST database. No established after an assay of the first three samples. This cutoff
homology was found between these two BLCA-4 peptide sevalue was then used in a prospective manner and applied to all
quences and any known or characterized human proteins.  of the samples subsequently assayed. The variability of results

Using antibodies raised against a single BLCA-4 peptide,between assays was determined by comparing BLCA-4 values
we performed immunoblotting analysis of bladder cancer sameobtained by repeated testing of one tumor urine sample and
ples and normal adjacent bladder tissues from patients undethree normal control samples. Variation in BLCA-4 levels ob-
going cystectomies for bladder cancer (Fi§).JAs indicated by  tained was an average of 1.87unitsjug protein (range, 1.3 to
thearrows,the BLCA-4 protein is expressed in both tumor and 2.8) for the tumor sample and 1.@Yunitsj.g protein (range,
normal tissue in patients with bladder cancer. This positive0.1-2) for the normal control samples. The range over which the
staining in the morphologically defined normal tissues wasBLCA-4 levels varied with serial dilution (up to 160-fold) are
evident regardless of the area of the bladder from which it washown in Fig. 2. We have also been able to detect peptide that
taken and the proximity to the tumor site. The protein was foundhas been added to unprecipitated urine samples (in 0.5 and 0.15
even in areas remote from the visible tumor. In these samplesng/ml concentrations) with adequate recovery over a wide
we also find a band ok, ~50,000 that is considered a back- range of dilutions from 1:1 to 1:2.4 10° (data not shown). The
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absorbance readings obtained with serial dilutions of urine samtumor grade P = 0.11), although the highest five urinary
ples containing added peptide also decreased in an approxBLCA-4 levels occurred in patients with grade 3 tumors (Fig.
mately linear fashion. 3). Elevated urinary BLCA-4 levels were present in early-
The average value for BLCA-4 in the urine of the 51 stage tumors, including two of three carcinomasituand 11

normal control individuals was 4.02 4.21 A unitsjwg of of 12 with stage Ta (Fig. 4). Voided urine cytology reports
protein, whereas the average value for individuals with blad-were available in 32 of the 54 patients with bladder cancer.
der cancer was 43.36 49.52 A unitsjug of protein. The  Of these, 16 patients had positive urine cytology, 5 were
levels are significantly higher in patients with bladder cancerinterpreted as suspicious, 4 were read as atypical, and 7 were
(P = 2.2 X 107*%). The cutoff value of 13A unitsj.g of negative. Only 2 of these 32 patients had a urinary BLCA-4
protein yielded a sensitivity of 53 of 55 (96.4%; CI, 87.5— level below the cutoff of 13 unitsjv.g protein, and the urine
99.6%) and a specificity of 51 of 51 (Cl, 93—-100%). There cytology of one of these patients was interpreted as negative,
was no clear evidence of an association between BLCA-4 anavhereas the other patient was positive. Hence, using urine
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cytology alone, 16 of 32 patients (50%) would have had an One question that is raised by these studies is why the
equivocal or negative diagnosis. Of these 16 patientsBLCA-4 protein, which was originally described as a NMP that
BLCA-4 levels were positive in 15 (93.7%). The BLCA-4 distinguished tumor samples from normal samples of patients
levels were also abnormally elevated in 15 of 16 of thewith bladder cancer by two-dimensional electrophoresis, is
individuals with positive urine cytology. BLCA-4 could found in the normal bladder tissue of patients with bladder
therefore identify even those individuals in whom bladder cancer by immunoblot. The data currently available do not
cancer is not diagnosed by urine cytology. We anticipate thatddress this discrepancy. One possibility is that the protein
the accuracy of BLCA-4 in detecting all individuals with sequence that we have generated and the antibodies that we
bladder cancer will improve with the development of mono- have raised are not to the original BLCA-4 protein. Our data
clonal antibodies and further refinement of the detectionargue against this possibility. This is supported by two-
assay technique. dimensional immunoblot analysis demonstrating the ability
For the urine-based BLCA-4 analysis, the volunteers weregf the antibody to detect the spot (data not shown). Our
considerably younger than the patients (mean,vésus71  cyrrent hypothesis is that the BLCA-4 protein was present in
years). To examine the possibility of confounding, the analysishe two-dimensional gels of the normal surrounding tissue
was restricted to the overlap in the two age ranges (45-8%om patients with bladder cancer. This would not be surpris-
years). This resulted in age balance (mearnvé&8us67 years).  jng considering that bladder cancer is thought to be a field-
Using the cutoff ofA = 13 units{vg protein, the sensitivity was change phenomenon. Very low levels of BLCA-4 expression
97.7% @ = 43; Cl, 87.7%-100%), and the specificity was ¢oyld conceivably occur, even in morphologically normal
100% @ = 22; 95% Cl, 84.6%-100%). There was no evidencegreas of the bladder, in patients with bladder cancer. These

of an effect of age on BLCA-4 (P 0.17). gels are silver stained, and it is possible that something in

these samples interfered with the silver staining process. The

Discussion antibody we generated in this study is able to detect much

This study demonstrates that antibodies can be raisetbwer quantities of the protein, which may not have been
against a peptide sequence from a bladder cancer-specific NMPsible on the original silver stained two-dimensional gels.
(BLCA-4). The immunoblot studies demonstrate that the anti-The detection of BLCA-4 in immunoblots of the “normal”-
BLCA-4 antibodies are able to distinguish the bladder tissue ofappearing mucosa from bladder cancer patients could also
individuals with bladder cancer from the bladder tissue of thosenegatively affect interpretation of this test in patients with
without the disease. Furthermore, these data support the prepreviously treated bladder tumors who are being monitored
ence of a field effect in the bladder, suggesting that even cellfor recurrence. In such patients, the trend or absolute level of
that appear to be morphologically normal have undergone alBLCA-4 in the urine may provide more information than
terations. The fact that anti-BLCA-4 antibodies are able topredictions based solely on its presence or absence. This has
identify “normal” tissues in every patient with bladder cancer proved to be the case with other markers such as serum
suggests that these antibodies may be able to detect very eanpyrostate-specific antigen. We are in the process of analyzing
lesions of bladder cancer, even prior to morphological alter-urine samples from patients who have received prior therapy
ations. for bladder cancer to determine changes in BLCA-4 levels
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