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Abstract : Nuclear Matrix Protein 22 (NMP22), a urinary tumor marker for urothelial
cancers, is directly released into the urine from the nucleus after cell death. Accordingly,
values of NMP22 do not require adjustment using other substances such as urinary
creatinine. On the other hand, its values might vary according to urine concentration.
This study investigated the intra—day variation in the urinary level of NMP22. NMP22
and urinary creatinine were measured in a 24-hour urine sample and 4 spot urine
samples obtained from 20 inpatients (10 with bladder cancer, and 10 with non-urothelial
cancer or benign tumors). The spot urine samples were collected at 6 am., 10 am., 2 pm.
and 9 p.m. There were no significant differences in NMP22 values between the 24-hour
and spot samples in all patients. Out of 10 bladder cancer patients, 6 had positive
24-hour samples. Among these 6 patients, only 3 had 4 positive spot samples (>12.0
U/ml): one had 3 positive samples, and 2 had one positive sample. Among the controls,
only one patient with renal cancer had a positive 24-hour sample. Only 3 controls, 2 with
prostatic cancer and one with renal cancer, had a single positive spot sample. The
highest margin between the maximum and minimum levels in the 4 spot samples was
237.8 U/ml in the bladder cancer patients and 16.6 U/ml in the controls. When the ratios
of NMP22 and urinary creatinine values for the 24-hour to spot samples were calculated
in each patient, a significant correlation was observed between the ratios of NMP22 and
urinary creatinine @=0.575, p<0.001). The urinary level of NMP22 shows intra—day
variation and might be affected by the extent of the concentration of urine samples. The
measurement results must be judged with this in mind, especially when judging the
results around the cut-off value.
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INTRODUCTION

Nuclear matrix protein 22 NMP22), a urinary marker for urothelial cancer, has recently
been applied as a screening test. It has been reported that NMP22 was superior to urinary
cytology in both sensitivity and specificity.!® When the Bladder Tumor Antigen test®®
another urinary marker for urothelial cancer, was performed simultaneously with NMP22,
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NMP22 was the superior screening test.#12

NMP22 is a component of nuclear mitotic apparatus (NuMA) protein, which becomes
soluble and is released into the urine from the nucleus after cell death. NMP22 is recognized
by 2 monoclonal antibodies, MAb 302-22 and MAb 302-18, which were raised against nuclear
matrix protein.’® Accordingly, the level of NMP22 is elevated in patients with urothelial
cancer where the cell cycle is accelerated. However, a high NMP22 value was also observed
in patients with active urinary tract infection or with an indwelling catheter.2? In addition,
variation of NMP22 values in the same patient has been reported.”¥ The present study was
conducted to investigate the intra-day variation of NMP22 values in 20 patients who had
bladder cancer, non—urothelial cancer or benign urogenital tumors.

PATIENTS AND METHODS

From March to June 2001, a total of 20 inpatients (18 men and 2 women) were enrolled in
this study. The subjects consisted of 10 patients with untreated bladder cancer, 5 with
non-urothelial cancer, and 5 with benign urogenital tumors, who ranged from 58 to 76 years
old with a mean age of 65.4 years. Among the 10 bladder cancer patients, one had bladder
tumors that developed after a complete nephro-ureterectomy for ureteral cancer. The five
patients with non-urothelial cancer consisted of 3 with renal cancer and 2 with prostatic
cancer. The five patients with benign urogenital tumors consisted of 3 with benign prostatic
hyperplasia, one with renal angiomyolipoma, and one with a benign adrenal tumor. Serum
creatinine was within our standard range (0.8 to 1.1 mg/dl) in all subjects. All 10 bladder
cancer patients were histologically confirmed to have transitional cell carcinoma: Six patients
" had a single bladder tumor, and 5 had a main tumor measuring more than 3.0 cm in
diameter: The tumor grade was Grade 1 in 2 patients, Grade 2 in 5, and Grade 3 in 3. The
clinical diagnosis of each control was confirmed histologically from the surgically removed
specimens. Patients who showed more than 5 white blood cells per high power field in the
urine sediment and patients with an indwelling catheter were excluded from the study.

The collection of urine samples was performed during hospitalization before surgical
treatment. Subjects were not on intravenous therapy during 24-hour collection and they had
no limitations on diet or water intake. Four voided urine samples were collected into paper
cups at 6 am. {fasting), 10 am. 2 hours after breakfast) 2 p.m. 2 hours after lunch), and 9
pm. (3 hours after dinner). Each sample was promptly transferred into special tubes for
measurement of NMP22 and urinary creatinine @-Cr) G ml each), and the rest was collected
into a 24-hour urine sample bottle. The 24-hour samples were stirred after measuring
volume. These 5 samples (4 spot samples and one 24-hour sample) were used for measuring
NMP22 and u—Cr. All the samples were kept in a refrigerator at 4 'C until measurement.
Collection of 24-hour urine samples was started at 2 p.m. after voiding and was finished
with voiding at 2 p.m. on the following day. Then the first spot sample was taken at 9 p.m.
and the final one was at 2 p.m. NMP22 was measured with a Matritech UNMP 22 test kit
(Konica, Tokyo, Japan), and u-Cr was measured by the alkaline picrate method.

The objectives and methods were explained and informed consent was obtained from all
the subjects. The kits for NMP22 were obtained from Konica. NMP22 and u—Cr were
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measured by SRL (Tokyo, Japan).

For statistical analysis, the y2test and McNear’s test were used for inter-group
comparisons, while Spearman’s rank correlation and the Mann-Whitney U-test were used for
assessing correlations. Calculations were done using StatView software (version 5.0, SAS
Inc., Cary, NC, USA). The standard value of NMP22 employed in this study was 12.0 U/ml.
The following analyses were done by judging samples with more than 12.1 U/ml as positive
and those with less than 12.0 U/ml as negative. Samples with levels under the lower
detection limit 2.0 U/ml) were handled as 2.0 U/ml.

RESULTS

NMP22 levels: The results of measuring NMP22 are shown in Table 1.

NMP22 values in 24-hour samples ranged from 2 to 330 U/ml, with a mean (£ standard
deviation) of 30.1 + 78.5 U/ml: In the 10 bladder cancer patients, 4 samples had levels of less
than 2 U/ml and the remaining 6 ranged from 9.8 to 330 U/ml, with a mean of 47.7 * 100.6

Table 1. Results of measurement of NMP-22 in each patient

Urine samples (U/ml)

Case Disease 24-h 6:00 9:00 14:00 21:00
1 Bladder cancer 46.9 62.8 709 56.0 75.4
2 Bladder cancer 19.8 129 343 8.3 17.4
3 Bladder cancer 330 333 235 257 95.2
4 Bladder cancer 2 24 42 3.7 2
5 Bladder cancer 2 2 2 2 2
6 Bladder cancer 16.1 7.3 3.7 24.0 73
7 Bladder cancer 255 5.3 9.1 11.3 90.9
8 Bladder cancer 40.6 425 163 12.5 35.5
9 Bladder cancer 2 2.2 2 24 2.2

10 Bladder cancer 2 34 3.6 2 2.4
11 Adrenal tumor 28 45 5.5 25 3.2
12 BPH 6 55 4.1 5.6 6.8
13  Prostate cancer 54 2.4 3.6 12.2 7.1
14 Renal AML 2 2.9 2 2 2.3
15 Prostate cancer 2 13.1 3.9 73 2
16 RCC 32 53 2.7 2 23
17 RCC 12.9 18.6 10.6 2 10.5
18 RCC 23 6.8 5.0 33 33
19 BPH 2 2 2 2 2
20 BPH 2 2 2 2 2

BPH: Benign prostatic hyperplasia

AML: Angiomyolipoma

RCC: Renal cell carcinoma
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Fig. 1. Mean NMP22 value in spot samples and 24-hour samples from the bladder
cancer patients and the controls.
*: p < 0.05, ll bladder cancer patients, [] controls.

U/ml. In the 10 controls, the values ranged from less than 2 to 12.9 U/ml], with a mean of 4.9
+ 3.3 U/ml. There was a significant difference between the bladder cancer patients and the
controls (p<0.001).

The values in a total of 80 spot samples ranged from 2 to 333 U/ml, with a mean of 25.4
+ 58.7 U/ml: In the bladder cancer patients, the values ranged from less than 2 to 333 U/ml,
with a mean of 40.1 + 74.5 U/ml. In the controls, the values ranged from less than 2 to 18.6
U/ml, with a mean of 5.7 + 3.9 U/ml. A significant difference was observed between the 2
patient groups (p<0.001).

Comparison of the mean NMP22 values according to collection time: When the mean
value of NMP22 in spot samples was compared according to the collection time, there were
significant differences between the mean values for the bladder cancer patients and the
controls (©<0.05). (Fig.1) In the bladder cancer patients, no significant difference was
observed between NMP22 levels in the 24-hour sample and the spot samples. Similarly, there
was no significant difference in the controls.

Intra—day variation of NMP22: Among the bladder cancer patients, 3 were positive for
all 4 spot samples. Another 3 patients had both positive and negative samples, including 2
patients with one positive spot sample and one patient with 3 positive spot samples. All of
these 6 patients had a positive 24-hour sample. In the remaining 4 patients, all of the spot
samples and the 24-hour samples were negative. Among the controls, only one patient with
renal cancer showed a positive 24-hour sample, with a value of 12.9 U/ml. Seven patients
also had completely negative spot samples, while 3 patients (2 with prostatic cancer and one
with renal cancer) had one positive spot sample each, the values of which were 12.2, 13.1, and
18.6 U/ml. Out of the 80 spot samples collected from the bladder cancer patients and the
controls, the number of positive samples was 17 and 3, respectively. A significant difference
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Table 2. Number of positive and negative samples

Group Positive*  Negative Total

Bladder cancer 17 (6) 23 4) 40 (10)

Control 3(1)  37(9) 40 (10)

Total 20 (7) 60 (13) 80 (20)

* Positive: more than 12.1 U/ml; Negative: less than 12.0 U/ml.
( ): number of 24-hour samples.
P < 0.005, bladder cancer group vs control group.

was observed between the bladder cancer patients and the controls (p<0.005). (Table 2)

Collection times, yielding the maximum and minimum NMP22 levels: The sample
collection time that yielded the maximum NMP22 level in each patient was analyzed. Out of
9 bladder cancer patients (excluding one with NMP22 levels of less than 2 U/ml in every
spot sample), 2 had a maximum value at 6 am., 3 at 10 am., 2 at 2 pm., and 2 at 9 p.m. The
minimum value was observed at 6 am. in one patient, at 10 am. in 2, at 2 pm. in 4, and at
9 pm. in 2. Out of 8 controls (excluding 2 with NMP22 values of less than 2 U/ml in every
sample), the maximum value was observed at 6 am. in 5, and at 10 am., 2 pm. and 9 p.m. in
one each. Among 3 patients who had a positive spot sample, 2 showed the maximum value at
6 a.m. and one showed it at 2 p.m. The most common time for the minimum value was 2 p.m.
observed in 3 patients.

Margin of NMP22 values: Margins between the maximum and minimum values in spot
samples from each patient were analyzed. In the bladder cancer patients, the margin ranged
from 0 U/ml (all samples were less than 2 U/ml) to 237.8 U/ml, with a mean of 42.3 + 73.3
U/ml and a median of 19.9 U/ml. In the controls, the margin ranged from 0 U/ml @ll samples
were less than 2 U/ml) to 16.6 U/ml, with a mean of 5.1 £ 5.5 U/ml and a median of 3.2
U/ml.

Correlation between NMP22 and u-Cr: Because there was a possibility that NMP22
values were affected by urine volume or concentration, the correlation between NMP22
values and u-Cr values was analyzed. No significant correlation was observed between the
values of NMP22 and u—Cr in the spot samples. Then, the change rates of the NMP22 value
of each spot sample were calculated by setting the NMP22 value of the 24-hour sample as 1
(NMP22 value of spot sample / NMP22 value of 24-hour sample). The change rates of the
u-Cr values were obtained in the same manner as the NMP22 values. The correlation of the
respective rates for NMP22 and u-Cr was investigated. There was a significant correlation
between the change rates of NMP22 and those of u-Cr (=0.575, p<0.001), suggesting that the
variation of NMP22 was associated with urine concentration. (Fig. 2)
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Fig. 2. Correlation between change rates of NMP22 and those of urinary
creatinine. Change rate = NMP22 (or u-Cr) of spot sample / NMP22

(or u-Cr) of 24-hour sample.
u-Cr: urinary creatinine, n = 80, r = 0.575, p < 0.001.

DISCUSSION

NMP22 not only shows a high sensitivity as a screening method for urothelial cancers
but also a low false-negative rate compared to urinary cytology that depends on the skill of
the examiner. NMP22 levels were significantly higher in bladder cancer patients than in
controls for both the 24-hour and spot samples, suggesting the usefulness of NMP22 as a
screening method.

Since cell cycle acceleration would result in an elevated NMP22 level, urinary tract
infection and mechanical stimulation of the wurothelium such as catheterization or
transurethral surgery might cause false-positive results. Moreover, it was reported that the
NMP22 value was affected by hematuria,’® while Chen et al.¥ mentioned that urine
collection should be done between midnight and noon. Thus, NMP22 values may vary
according to the conditions of urine sampling. The present study excluded patients with an
indwelling catheter, surgical treatment, or obvious urinary tract infection, but the variation
of NMP22 values was still observed depending on the sampling time, with the highest
margins of 237.8 U/ml in the bladder cancer patients and 16.6 U/ml in the controls. In
addition, 3 bladder cancer patients and 3 controls showed the intra-day changes of NMP22
that crossed the cut—off value.

Because the NMP22 level is not affected by renal function, adjustment using other
substances such as u—Cr may not be required. There is a possibility, however, that the value
can be affected by concentration of the urine, e.g., assuming that NMP22 is released
constantly into urine, the value would be lower after a high water intake and would be
raised in concentrated urine. In the present study, the maximum value was most frequently
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detected in the samples voided at 6 am. (7 out of 17 patients), and the minimum was most
often at 2 p.m. (7 out of 15 patients). This suggested that urine concentration is one of the
factors leading to variation. To investigate the influence of urine concentration, correlation
between NMP22 and u—Cr was then analyzed, because creatinine is constantly excreted into
the urine and is commonly employed for adjusting the urinary level of glomerular—filtered
substances. There was a significant correlation between the changes of NMP22 and u—Cr
when the ratio of each spot sample to the 24-hour value was assessed in each subject. Thus,
bigger changes of u—Cr led to larger changes of NMP22. Although these data do not reduce
the clinical usefulness of NMP22, one must keep in mind that water or food intake during
sample collection might affect NMP22 values, especially when judging results around the
cut-off value.

CONCLUSIONS

There was wide intra—day variation of NMP22 values in some patients. The changes of
NMP22 were strongly correlated with those of u—Cr, suggesting that the NMP22 level was
affected by the urine concentration. When NMP22 is employed as a screening method for
urothelial cancer, these points should be taken into consideration.
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