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Abstract 
 
Background: the highest incidence rates of bladder cancer are generally found in industrially 

developed countries, particularly North America and 

Western Europe, and areas associated with endemic schistosomiasis, including parts of Africa 

and the Middle East . The appropriate treatment of patients with bladder cancer mandates early 

detection and regular follow up for recurrences . Currently, cystoscopy is the standard method 

for diagnosing and monitoring bladder cancer recurrence, but it is an invasive and relatively 
costly technique, and may sometimes be inconclusive, particularly in cases of cystitis . 

 

Patients and methods: western blot and specific immunoglobulin-G antibody were used to 
identify the urinary NMP marker. Urine samples from 123 patients 

with bladder cancer and 50 controls were evaluated using the developed SDS-PAGE, Western 

blot and ELISA.  
 

Results: the NMP marker was identified in the urine of 

patients with bladder cancer at 52 kDa (NMP- 

52) by SDS-PAGE, Western blot and ELISA. In addition, the NMP-52 tumor marker was not 
detected in the urine 

of patients . 

 
Conclusion: detecting the urinary NMP-52 marker using SDS-PAGE, Western blot and ELISA, 

would be helpful in the rapid diagnosis of bladder cancer. 
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Introduction 
 
The highest incidence rates of bladder 

cancer are generally found in industrially 
developed countries, particularly North 

America and 

Western Europe, and areas associated with 
endemic schistosomiasis, including parts of 

Africa and the Middle East (El-Mawla et 

al., 2001). The appropriate treatment of 

patients with bladder cancer mandates early 
detection and regular follow up for 

recurrences (Lopez et al., 2003). Currently, 

cystoscopy is the standard method for 
diagnosing and monitoring bladder cancer 

recurrence, but it is an invasive and 

relatively costly technique, and may 
sometimes be inconclusive, particularly in 

cases of cystitis (Clayman et al., 1984) and 

(Walker et al., 1993).  Also, routine 

urinary cytology commonly used in 
conjunction with cystoscopy is costly, 
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requires an experienced cytopathologist and 

offers poor sensitivity for low-grade 
tumours (Wiener et al., 1993). 

These characteristics have prompted the 

search for more reliable noninvasive 
markers of bladder cancer. During the last 

few years, several urinary markers of 

bladder cancer have been introduced and 

evaluated for the noninvasive detection of 
bladder cancer (Simon et al., 2003) and 

(Dey, 2004). However, most of the 

currently available urinary markers have 
lower specificity than urinary cytology, 

particularly when the markers are used 

singly (Tinzl and Marberger , 2003). The 

nuclear matrix is central in regulating 
important cellular processes such as DNA 

replication and transcription (Getzenberg, 

1994). The protein composition of the 
nuclear matrix is tissue-specific and can 

serve as a ‘fingerprint’ 

of each cell and/or tissue type (Getzenberg 

and Coffey, 1990) and (Berezney and 

Coffey, 1974). Differences in nuclear 

matrix protein (NMP) composition are 

found in several human tumours, including 
prostate (Partin et al., 1993), renal 

(Konety et al., 1998), breast (Khanuja et 

al., 1993), colon (Keesee et al., 1994), 
cervical (Keesee et al., 1998), and head and 

neck (McCaffrey et al., 1997). Thus, 

identifying nuclear matrix biomarkers has 
potential in the diagnosis and prognosis of 

cancer (Hughes and Cohen et al., 1999). 

In the present study we identified a urinary 

NMP marker and evaluated a newly 
developed, reliable and more convenient 

western blot and ELISA for the early 

diagnosis and monitoring of patients with 
bladder cancer. 

 

Patients and methods 
 

Urine samples were collected from 123 

patients with Bladder cancer, 103 males and 
20 females; aged 24 to 85 years (mean, 

59.33 ± 11.64 years), obtained from 

Urology and Nephrology center, Mansoura 

University. A group of  50 urine samples 
from healthy Volunteers with mean age : 

36.22 years.  

          

The patients were subdivided according to 

the types of tumour into 51 with Bladder 
cancer patients, 19  Suspicious patients and 

53 Cancer Free patients. 

 
Specific rabbit IgG anti- Bladder cancer 

antibody used in the present study was 

product. In brief, a rabbit was immunized 

with NMP antigen (50µg/ml) and freunds 
complete adjuvant (FCA) was homogenized 

together using immunization (zero days). 

On day 15, the rabbit was injected again 
with FWAP emulsified with incomplete 

freunds adjuvant (FWAP-IFA). On day 28, 

the rabbit was injected once more with 

FWAP-IFA. The reactivity of the collected 
rabbit sera was tested against urine samples 

of histopathologically diagnosed patients 

with bladder cancer, the purified 52-kDa 
antigen, and the NMP-22 antigen 

(Matritech, Newton, MA, USA). 

 
 

SDS-PAGE AND GEL ELECTRO-

ELUTION 

 
Urine samples were subjected to analytical 

SDS-PAGE, using vertical slabs of 16% 

polyacrylamide . Molecular weight 
standards (Sigma Chem Co., St Louis, MO) 

were run in parallel. In preparative slab gel 

electrophoresis, the running condition was 
adapted to reduce smear of proteins and to 

enable a long migration distance between 

bands in the 52-kDa region, according to 

the pre-stained molecular weight marker. In 
each run, 250- µL of urine per preparative 

gel was electrophoresed, and a lane from 

electrophoresed preparative gel stained with 
Coomassie blue and immunoblotted to 

identify the 52-kDa band. In the unstained 

preparative gel, the adjacent band was then 

cut and the 52-kDa antigen electro-eluted 
from polyacrylamide gel at 200 V for 3 h in 

a dialysis bag (Sigma). Forty runs were 

completed to obtain 1 mg of the 52-kDa 
antigen. After dialysis, the electro-eluted 

antigen was concentrated using 

polyethylene glycol and 40% 
trichloroacetic acid (TCA), then centrifuged 

at 6500 g for 15 min. The precipitate was 

washed twice using diethyl ether to remove 

excess TCA. The excess diethyl ether was 
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removed by gentle drying and the pellet 

reconstituted in PBS (pH 7.2). The protein 
content of a sample of electro-eluted 

antigen was determined before the 

remainder was stored at -20 °C. 
 

WESTERN BLOT 

 

Urine samples separated on SDS-
PAGE (as above) were electrotransferred 

onto nitrocellulose membrane (0.45 m m 

pore size, Sigma) in a protein transfer unit 
[28]. The nitrocellulose filter was blocked 

using 5% (w/v) nonfat dry milk dissolved in 

0.05 mol/L Tris-buffered saline (TBS) 

containing 200 mmol/L NaCl (pH 7.4), 
rinsed in TBS and incubated with the anti-

NMP-52 antibody diluted in blocking 

buffer with constant shaking. The blots 
were washed 

three times (30 min each) in TBS, followed 

by incubation for 2 h with goat antirabbit 
IgG alkaline phosphatase conjugate 

(Sigma) 

diluted 1: 500 in TBS. After washing three 

more times with TBS (15 min each), the 
blots were soaked in substrate (premixed 

BCIP and NBT in 0.1 mol/L Tris buffer, pH 

9.6. The colour reaction was observed 
within 15 min, and dipping the blots in 

distilled water then 

stopped the reaction. The purity of the 
purified antigen was assessed using 

analytical SDS-PAGE and capillary zone 

electrophoresis (CZE) in a modification of 

the method described by 
(Gordon et al.,1991) , an autosampler 

(model 1-LIFT; Prince Technologies, 

Emmen, the Netherlands), a 65-cm fused 
silica capillary (75 µ m inner diameter) 

coated with polyimide film (Prince 

Technologies), a variable ultraviolet- 

visible detector (Lambda 1010; Metrhom, 
Herisau, Switzerland) and WinPrince 

software (Version 5; Prince Technologies). 

For the CZE run, 10 µL of a dilution of the 
purified antigen (50 µg/mL distilled water) 

was injected through the capillary at high 

voltage (30 kV) and low pressure (2.5 kPa) 
for 10 s before the sample was eluted with 

borate buffer (pH 8.3) at high voltage (30 

kV) for 15 min while the internal capillary 

temperature was kept at 20 °C. 

Eluents were detected by their 

ultraviolet absorption at 200 nm and signals 
analysed using Dax software (Version 5; 

Prince 

Technologies). To create a simple and rapid 
assay, a previously described  ELISA 

(Attallah et al., 1996) was adapted to 

detect the target urinary NMP-52 marker. 

All the steps of the ELISA were 
carried out on the surface  within 30 s 

(incubation time). After optimizing the 

reaction conditions, 200 µ L of urine 
sample were added per well. Different 

concentrations (50, 100 and 250 µ g) of the 

NMP antigen and an irrelevant protein (e.g. 

BSA) were used as 
positive and negative controls, respectively. 

The nonspecific binding sites on the 

nitrocellulose membrane were blocked with 
5% (w/v) BSA in PBS, pH 7.2. After 

washing three times using 100 m L/wash of 

PBS, 200 µ L of the specific anti-NMP-52 
antibody diluted 1 : 100 in PBS was added. 

After washing, 200 µ L of the diluted 

antirabbit IgG alkaline phosphatase 

conjugate was added; after more washing, 
200 µ L of premixed NBT/BCIP alkaline 

phosphatase substrate in 0.1 mol/L Tris 

buffer (ABC Diagnostics) was added; 2 min 
later the reaction stopped by distilled water 

and the development of colour observed. 

The colour of the tested urine sample was 
compared and related to one of the positive 

control levels  by one observer unaware of 

sample origin. To determine some of the 

biochemical characteristics of the purified 
marker, samples of the target NMP-52 

marker were treated with protease and one 

of several other chemical reagents being 
tested in ELISA, to see if these treatments 

affected the reactive epitope. The purified 

marker (at 200 µ g/mL) was incubated for 1 

h either with 40% TCA (v/v) at 4 °C or 
with 0.2 mol/L NaOH or 0.2 mol/L HCl 

(v/v) at room temperature.   

A periodate oxidation was carried 
out overnight with 20 mmol/L sodium 

meta-periodate at room temperature and the 

reaction then inhibited by adding an equal 
volume of 130 mmol/L glycerol. In another 

series of experiments, a sample of the 

purified marker was mixed with an equal 

volume of 20, 60 or 180 mmol/L b -
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mercaptoethanol. In the test with protease, 

purified antigen was incubated at 37 °C 
with pepsin (1 mg/mL; Sigma) for 5, 10, 15 

or 20 min. Urine samples from patients 

with bladder cancer and a healthy control 
were tested in parallel, as positive and 

negative controls, respectively. 

 

Results 

 
The anti-NMP-52 antibody identified 
reactive epitope at 52 kDa in the urine of 

selected patients with different types of 

bladder cancer (Fig. 1). The 52-kDa antigen 
was identified in all  urine samples. To 

ensure that the 52-kDa marker was a feature 

of bladder carcinoma, 16 selected urine 

samples from normal volunteers and 15 
from patients with malignancy other than 

bladder carcinoma were assessed using 

Western blot.. The high molecular weight 
reactive epitope purified from urine was 

analysed by SDS-PAGE. A single 

polypeptide band was stained with 
Coomassie blue, at 52-kDa (Fig. 2). The 

reactivity of the isolated antigen was 

confirmed using Western blot. The purity of 
the eluted 52-kDa antigen was also 

confirmed using CZE; there was a single 

peak at 6.3 min. Specific antibodies 
developed in rabbits to human p53 (53-

kDa) or IgG fraction (50 kDa) showed no 

reactivity to the target NMP using indirect 

ELISA (data not shown). Partial 
biochemical characterization of the reactive 

epitope confirmed its protein moiety.  

The reactivity of the anti-NMP-52 
antibody was lost (i.e. a negative result 

using ELISA) towards the purified antigen 

treated either with acid or alkali. However, 

antibody reactivity towards purified antigen 
was maintained after metaperiodate 

oxidization and reduction with β-

mercaptoethanol. The TCA precipitate 
fraction was reactive with the anti-NMP-52 

antibody as the purified antigen, but the 

TCA supernatant fraction showed no 
reactivity. The reactivity of anti-NMP-52 

antibody decreased by increasing the 

incubation time. 

 

 
Figure 1.  Immunoblots of NMP antigen in urine from bladder patients and healthy 

individuals using western blotting. Lane (1-2): urine samples of  healthy individuals, Lanes 
(3-4): urine sample from bladder cancer patients, Lane (5-6): urine samples of suspicious  

patients, Lanes (7-8): urine samples from bladder cancer free patients, Molecular weight marker 

includes: Myosin (215.0 kDa), phosphorylase B, (120.0 kDa), Bovine serum albumin (84.0 
kDa), Ovalbumin (60.0 kDa), carbonic anhydrase (39.2 kDa), trypsin inhibitor (28.0 kDa), and 

lysozyme (18.3 kDa). 
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Figure 2. Coomassie blue stained SDS-PAGE of urine from bladder cancer patients and 

cancer free patients under reducing conditions.   Lanes (1-2): urine samples of healthy 

individuals, Lanes (3-4): urine sample from bladder cancer patients, Lanes (5-6): urine sample 
from suspicious patients, Lanes (7-8): urine sample from bladder cancer free patients, Molecular 

weight markers (Mr) includes: Myosin (215.0 kDa), phosphorylase B, (120.0 kDa), Bovine 

serum albumin (84.0 kDa), Ovalbumin (60.0 kDa), carbonic anhydrase (39.2 kDa), trypsin 
inhibitor (28.0 kDa), and lysozyme (18.3 kDa). 

 

Discussion: 
 

Bladder tumor markers are 

potentially useful in screening for cancer, 
monitoring the course of the disease, and 

detecting relapse or recurrence after 

treatment (Dey et al., 2004). Studies aim to 

develop easily applicable, noninvasive, 
inexpensive and reliable tools with high 

specificity and sensitivity to a certain 

tumor. 
However, no tumor marker of high 

specificity and sensitivity has become a 

routine diagnostic or screening tool for 

bladder carcinoma (Simon et al., 2003). 
Several NMPs were identified and 

evaluated as markers of bladder cancer 

(Getzenberg et al., 1996 and Konety et al., 

2000); the one most widely evaluated, 

NMP-22, is a nuclear mitotic apparatus that 

is involved in the distribution of chromatin 
to daughter cells during cellular replication, 

and its concentration is at least 25 times 

greater in bladder cancer than the mean 

levels isolated from normal bladder 

(Getzenberg , 1994). A urine-based test for 
NMPs has been used for detecting bladder 

cancer, with variable results. The sensitivity 

of the NMP-22 test is 68.5–88.5% and the 
specificity 65.2–91.3%, depending on the 

thresholds used (Konety et al., 2000). In 

the present study we identified highly 

reactive epitopes at 52 in the urine of 
patients with different types of bladder 

cancer, using specific anti- NMP IgG 

antibody. Based on the presence of 
proteolytic enzymes in urine, we speculated 

that the 40-kDa antigen might be a stable 

urinary degradation product of the 52-kDa 
antigen. In addition, the 40-kDa protein was 

not detected alone in urine samples from 

patients with bladder cancer tested using 

western immunoblotting. However, further 
characterization studies are required to 

confirm our assumption that it might 

represent a degradation product. An intense 
and diffuse nuclear and cytoplasmic 

immunoperoxidase reaction was shown 
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informalin-fixed paraffin-embedded 

sections of 
different types of bladder carcinoma. The 

target NMP-52 is probably released from 

the nuclei of the tumour cells during 
apoptosis. Partial biochemical 

characterization experiments indicated the 

characteristic polypeptide nature of the 

reactive epitope isolated from urine. 
Interestingly, this NMP-52 has not been 

described previously in bladder cancer, but 

further molecular studies are required to 
confirm its identity. (Attallah et al., 1996) 

used a ELISA based on a specific 

monoclonal antibody to detect a target 

cytokeratin in urine samples from patients 
with bladder cancer, with high sensitivity, 

specificity . In the present study, we 

developed a more convenient, reliable, 
inexpensive and easily applicable ELISA 

format for the rapid detection of the target 

NMP marker in the urine of patients with 
bladder cancer. The newly developed 

office-based format is suitable for the clinic 

and field use. We evaluated the 

performance characteristics of the 
developed assay for the rapid diagnosis and 

monitoring of bladder cancer after 

radiotherapy. The ELISA detected the 
target NMP-52 marker in all types of 

bladder cancer with a sensitivity of 98–

100%. In addition. An accurate rapid test 
for detecting bladder cancer in the follow-

up must have high accuracy in patients with 

tumor stage pTa or pT1. The assay 

identified the target marker in patients with 
stage pTa, pT1 and pT2 disease. However, 

more patients with early stages of bladder 

tumor should be assessed before drawing 
final conclusions. In patients with no 

previous diagnosis of bladder cancer, the 

NMP-22 test had a greater sensitivity 

(80.9% vs 40%) but a lower specificity 
(64.3% vs 100%) than voided urine 

cytology (Miyanaga et al., 1997).,Further 

emphasizing the bladder cancer-specific 
nature of NMP-52. It would be wiser to 

compare NMP-52 results with established 

urinary markers of bladder cancer.  The 
integration of urinary markers in follow up 

protocols is another potential field of use. 

The good sensitivity can reduce the need 

for follow-up cystoscopy. However, an 

apparent limitation of the available urine-

based markers in the follow-up of bladder 
cancer appears to be the high rate of false-

positive results (Friedrich et al., 2003). 

Treatment selection is based on the 
extent or stage of disease (Lougue-Sorgho 

et al., 2002). External beam radiotherapy is 

considered the standard in some countries, 

and recommended for patients deemed unfit 
for cystectomy (Herr et al., 2001). Here, 

the initial responses of 43 patients treated 

with irradiation were followed using the 
ELISA. Other studies reported that NMPs 

could be useful in monitoring relapse and 

the patient’s response to treatment. In a 

multicentre trial, urine was analysed in 
1000 patients treated previously for bladder 

cancer who were being monitored for 

recurrence of their disease (Soloway et al., 
1996). The NMP-22 test was able to detect 

all of the cases subsequently identified as 

having invasive disease, and 70% 
with localized recurrence. It is obvious that 

monitoring the NMP-52 marker.  

In conclusion, The detection of 

NMP-52 has the potential to aid the 
diagnosis of bladder cancer in urine 

cytology specimens and the NMP-52 has a 

clear advantage over urine cytology in three 
areas. First, the NMP-52 test is not 

dependent on the clinical ability of the 

pathologist reading the test, it is nor 
terminology-dependent, and it does not 

employ individualized institutional scales 

that may differ. The results are presented in 

numeric form. Second, the NMP-52 test 
costs significantly less than a cytology 

reading because it is an immunoassay rather 

than a pathologic study. Third, the NMP-52 
test is not limited by the presence of 

hematuria in the sample in contrast to 

cytology in which erythrocytes may 

interfere with reading the cells. 
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 التعرف والتىصيف لبروتينات الغشاء النىوي ومتابعة استخذامها فً التشخيص المبكر لسرطان المثانة

 .دييــبط انجـذيذح  -أثحبث انتكُٕنٕجيب انحيٕيخ يذيش يشكض -بػخ ٔانٕساحــخـأستبر انًُـ  عبذ الفتاح محمذ عطا هللا.د.أ
- ػخ ثقسى ػهى انحيٕاٌأستبر انحيٕاٌ انتجشيجي ٔانًُب  سهام السيذ منسً. د.أ

 .ٕسحــبيؼخ انًُظــج  -كهيخ انؼهٕو ثذييبط

- أستبر يسبػذ ٔسئيس قسى انٕساحخ انجضيئيخ ٔاإلَضيًبد  وهيبة أحمذ زروق. د
 .انًشكض انقٕيي نهجحٕث -قسى انٕساحخ انجضيئيخ ٔاإلَضيًبد 

– ثبحج يسبػذ ثقسى انٕساحخ انجضيئيخ ٔاإلَضيًبد ماجذ مصطفى محمىد  

 شكض انقٕيي نهجحٕثانً

-  كهيخ انطت –قسى انجبحٕنٕجي  -ٕجيـبحٕنـأستبر انج  الذسىقً محمذ مإبراهي. د.أ

 ٕسحــبيؼخ انًُظــج

 

يؼتجش سشطبٌ انًخبَخ يٍ أشٓش األٔساو  انتي تظيت اإلَسبٌ  في انؼبنى حيج يشتفغ يؼذل اَتشبسِ في انجالد انُبييخ 

انًُتششح ْي االطبثخ ثجؼض انطفيهيبد ٔخبطخ   أسجبة اإلطبثخ ثسشطبٌ انًخبَخ ٔيٍ أْى. ٔخبطخ يظش ٔانذٔل األفشيقيخ

 .انجهٓبسسيب في ثؼض انذٔل انُبييخ

 

تشكم ثشٔتيُبد انغشبء انُٕٖٔ ْيكم انُٕاح ٔتشبسك فٗ يؼظى انٕظبئف انخهٕيخ نهُٕاح كًب تكٌٕ يظبحجخ نتضبػف 

ْزِ انجشٔتيُبد  –ًض انُٕٖٔ انشيجٕصٖ كًب تشبسك فٗ ضجظ انتؼجيش انجيُٗ انحًض انُٕٖٔ انذيؤكسٗ سيجٕصٖ ٔثُبء انح

تٕجذ ثتشكيضاد قهيهخ فٗ أثٕال األشخبص األطحبء ٔتضداد تذسيجيبً فٗ حبالد سشطبٌ انًخبَخ كًب أَٓب تؼكس انتغيشاد 

شٔتيُبد انغشبء انُٕٖٔ خطٕح ْبيخ ٔتؼتجش تقُيبد انكيًيبء انًُبػيخ ْذف نهكشف ٔانتؼشف ػهٗ ث. انًظبحجخ إلَقسبو انخاليب

 .َحٕ انتشخيض انذقيق نسشطبٌ انًخبَخ

 

في ثٕل يشضي سشطبٌ انًخبَخ ثبستخذاو طشيقخ ( NMP) تى انتؼشف ػهي انٕصٌ انجضيئي  نذنيم أٔساو انًخبَخ 

ء انفؼبل نفظم انجشٔتيُبد في ػيُبد انجٕل حى انتؼشف ػهي انجض( SDS-PAGE)انفظم انكٓشثي ػهي انٓالو سأسي  

(Reactive epitope  ) انخبص ثبنجسىNMP polyclonal Antibody) ) في ثٕل انًشضي انًظبثيٍ ثبستخذاو طشيقخ

 كيهٕ دانتٌٕ   52ٔتى  تؼييٍ انٕصٌ انجضيئي نٓزا انذنيم ػُذ  ( Western Immunoblotting)انشفظ انًُبػي 

 

انحظٕل ػهٗ .  ٕل ػهٗ االَتجيٍ في طٕستّ انُقيختى في ْزِ انذساسخ استخذاو تقُيخ انُضع انكٓشثٗ ٔانحظ

نذساسخ انتأحيشاد انفيضيقيخ ٔ انكيًيبئيخ ػهٗ االَتجيٍ يخم تأحيش انحشاسح ٔ  انظٕسح انُقيخ نالَتجيٍ تى ػًم تٕطيف نالَتجيٍ

 انًٕاد انكيًيبئيخ ػهيٓب

 

كيهٕ دانتٌٕ ٔ اَّ  25نجضيئٗ نّ ػُذ ٔ يؼشفخ انٕصٌ ا  NMPٔانخالطخ أَّ تى انتؼشف ػهٗ انذنيم انٕسيي انجذيذ 

 .دنيم رٔ كفبءح ػبنيخ ٔ يًكٍ اٌ يستخذو في انكشف انًجكش نسشطبٌ انًخبَخ

 
 

 

 
 


