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Abstiract

AIM: Fourteen urinary nucleosides, primary degradation
products of tRNA, were evaluated to know the potential
as biological markers for patients with colorectal cancer.

METHODS: The concentrations of 14 kinds of urinary
nucleosides from 52 patients with colorectal cancer, 10
patients with intestinal villous adenoma and 60 healthy
adults were determined by column switching high
performance liquid chromatography method.

RESULTS: The mean levels of 12 kinds of urinary nucleosides
(except uridine and guanosine) in the patients with
colorectal cancer were significantly higher than those in
patients with intestinal villous adenoma or the healthy
adults. Using the levels of 14 kinds of urinary nucleosides
as the data vectors for principal component analysis, 71%
(37/52) patients with colorectal cancer were correctly
classified from healthy adults, in which the identification
rate was much higher than that of CEA method (29%).
Only 10% (1/10) of patients with intestinal villous adenoma
were indistinguishable from patients with colorectal
cancer. The levels of m1G, Pseu and m1A were positively
related with tumor size and Duke’s stages of colorectal
cancer. When monitoring the changes in urinary nucleoside
concentrations of patients with colorectal cancer
associated with surgery, it was found that the overall
correlations with clinical assessment were 84% (27/32)
and 91% (10/11) in response group and progressive

group, respectively.

CONCLUSION: These findings indicate that urinary
nucleosides determined by column switching high
performance liquid chromatography method may be useful
as biological markers for colorectal cancer.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Modified nucleosides, derived predominantly from transfer
ribonucleic acid ((RNA)"?, have been shown to be excreted
in abnormal amounts in the urine of cancer patients*’.
Interest in these materials as potential biological markers
was stimulated following evidence that tRINA methyltransferase
from cancer tissue had both increased activity and capacity
when compared to the enzyme derived from the
corresponding normal tissue of origin®. Studies by Borek
et alP, also showed that tRNA from neoplastic tissue had a
much more rapid turnover rate than the tRNA from the
corresponding normal tissue. Evidence indicates that
methylation of tRNA occurs only after synthesis of the
intact macromolecule. Because there are no specific enzyme
systems to incorporate the modified nucleosides into the
macromolecular nucleic acid, these nucleosides once released
in the process of tRNA turnover cannot be reutilized, nor
ate they further degraded, but are excreted in utine!"”. Studies
have also shown that urinary nucleosides excretion in human
beings is little affected by diet, and when normalized to
urinary creatinine the daily excretion rate is remarkably
constant in a healthy individual".

Methodically in most of the studies urinary nucleosides
are isolated by phenylboronate affinity gel chromatography
and separated by reverse-phase high performance liquid
chromatography (HPLC)!">¢'>"l. But these methods still
involve elaborate and manually performed sample-
processing steps due to the complexity of the sample matrix.
Among the various types of cancer, colorectal cancer is
known to be one of the most prevalent and its early
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detection is thus desirable. However, attempts were rarely
made to measure the levels of urinary nucleosides from
patients with colorectal cancer to date. In this study, we
developed the automated column switching HPLC method
to investigate the excretion pattern of urinary nucleosides
associated with colorectal cancer and intestinal villous
adenoma. Differences in 14 urinary nucleoside levels were
quantified in 52 patients with colorectal cancer, 10 patients
with intestinal villous adenoma and 60 healthy adults. The
relationship of urinary excretion of these compounds from
patients with colorectal cancer with the tumor size, Duke’s
stages and differentiation were studied. Changes in the levels
of urinary nucleosides were examined preoperatively and
postoperatively in patients with colorectal cancer. These data
were collected to test the utility of urinary nucleosides as
biological markers for colorectal cancer.

MATERIALS AND METHODS

Chemicals and equipment

The following 14 nucleoside standards including the internal
standard 8-bromoguanosine hydrate (Br8G) were obtained
from Sigma (St. Louis, MO, USA): pseudouridine (Pseu),
cytidine (C), uridine (U), 1-methyladenosine (m1A), inosine
(@), 5-methyluridine (m5U), guanosine (G), 1-methylinosine
(m11), 1-methylguanosine (m1G), N*-acetylcytidine (ac4C),
N?-methylguanosine (m2G), adenosine (A), N? N*
methylguanosine (m22G), N®methyladenosine (m6A).
Methanol (MeOH) was HPLC-grade purchased from Tedia
(Fairfield, OH, USA). Ammonium acetate (NH,AC),
ammonia (NH; H,O) and potassium dihydrogenphosphate
(KH,PO,) were all analytical reagents obtained from China.
Water was deionized and purified by a Milli-Q system
(Millipore, Bedford, MA, USA).

The HPLC system (Figure 1) consisted of three Shimadzu
LC-10ATVP pumps (Kyoto, Japan), an autoinjector model
SIL 10ADVP, an SPD-10AVP UV-Vis detector and an SCL.
10AVP interface. An electric six-port valve (Rheodyne, USA)
was used for the automated column switching. Valve
switching and data acquisition were done on Shimadzu Class-
VP version 6.10 software. The column 1 (40 mmXx4.0 mm
ID) was packed with a laboratory prepared boronic acid-
substituted silica material. It can tolerate pH values of the
buffers from 2 to 12 as well as the usual organic solvents.
The column 2 (250 mmX4.6 mm ID) was packed with
5 um Hypersil ODS, (Elite, Dalian, China).

Urine samples

Sixty healthy adults (31 males, 29 females, from 21 to 71 years,
median age 52 years), who have the normal physical indices
including hepatic function, renal function, chest X-ray
and colonoscopy during a regular physical examination
period in our institute, have been chosen as control material.
Fifty-two patients with colorectal cancer and 10 patients
with intestinal villous adenoma were from Ruijin Affiliated
Hospital of Shanghai Second Medical University, the
First and Second Affiliated Hospitals of Dalian Medical
University of China. No patient had received chemotherapy
or radiation therapy before surgery. Diagnoses of colorectal
cancer and intestinal villous adenoma were made on the

basis of usual clinical and laboratory findings and were
confirmed by histopathology. Table 1 shows the clinical
pathological parameters of patients with colorectal cancer.

Spontaneous urine samples were collected from healthy
adults, patients with colorectal cancer and intestinal villous
adenoma. In 43 patients with colorectal cancer, urine samples
were also obtained 2 wk after surgery. All persons had
normal renal function and were free of bacterial infection
at the time when the urine was collected. After collection
the samples free of preservatives were frozen immediately
and stored at -20 C. Prior to analysis, the samples were
thawed at room temperature and adjusted to pH 8.0 with
50 mL/L NH;H,O and vortex for 3 min at 5 000 r/min.
Aliquots of 1 mL centrifuged urine containing 30 uL of
Br8G (0.30 mmol/L) were transferred to autosampler vials
and samples of 150 pL were injected to a column-switching
HPLC system.

Table 1 Clinicopathological parameters of 52 patients with colorectal
carcinoma

Clinicopathological parameters Numbers (%)
Gender Male 29 (55.8)
Female 23(44.2)
Age (yr) Range 26-87
Mean 56.4
Median 60.0
Primary site Rectum 15 (28.8)
Sigmoid colon 6 (11.5)
Colon 31(59.6)
Duke’s stage Duke’s A 7(13.5)
Duke’s B 23(44.2)
Duke’s C 15 (28.8)
Duke’s D 7(13.5)
Tumor size =5cm 23 (44.2)
<5cm 29 (55.8)
Histological grade ~ Well differentiated tumor 9(17.3)
Moderately differentiated tumor 32 (61.5)
Poorly differentiated tumor 11(21.2)
CEA =5mg/L 15 (28.8)
<5mg/L 37(71.2)

Column switching HPLC method

Column 1 (Figure 1) was equilibrated for 5 min with the
mobile phase delivered by pump 1. After sample injection
(150 pL urine), column 1 was washed for 7 min with the
same buffer. During that time, nucleosides were selectively
retarded on the column 1 and the sample matrix was
discharged. At the same time, column 2 was conditioned
with the mobile phase delivered by pump 2 (position 1;
Figure 1). After this clean-up step, column 1 was series-
connected in front of the column 2. The group-specifically
bound nucleosides on the column 1 wete then eluted and
concentrated on top of the column 2 over a period of 3 min
(position 2; Figure 1). Separation of nucleosides on the
column 2 was carried out with a linear gradient elution
program over 40 min, while the column 1 was regenerated
for a new extraction cycle (position 1; Figure 1). The
nucleosides were detected at 260 nm and quantified using
the internal standard method. Table 2 shows the time events
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used for the analytical procedure.

Peak identification was performed on the basis of
retention times. Standard solutions were run daily before
and after the samples to monitor reproducibility of retention
times. The standard addition method was also used to
confirm peak identification. The levels of the urinary
nucleosides were calculated by the calibration curves,
and then were transformed into nmoL/umol creatinine.
Urinary creatinine levels were determined as described by

Zheng et al.

— Position 1

- Position 2

Waste

Figure 1 Schematic diagram of the column-switching HPLC system.

Dataanalysis

The mean excreted amounts of urinary nucleosides have
been calculated using MS Excel software. Differences of
urinary nucleoside concentrations of healthy adults, patients
with intestinal villous adenoma and colorectal cancer were
compared with SPSS 10.0 software. Spearman Correlation
Analysis was used to examine the relationship of urinary
nucleoside concentrations from patients of colorectal cancer
with the tumor size, clinical stage and differentiation.
Principal component analysis (PCA) software, a home-made
pattern recognition software, was used to classify healthy
controls, patients with intestinal villous adenoma and
colorectal cancer. It was also used to monitor changes in
the urinary excretion of nucleosides before and after surgery.
Principal components plots were drawn on the basis of the
first principal component analysis function (PC1) against

the second principal component analysis function (PC2) of
the nucleosides for each urine specimen. The oblique

rotational method used in the software is the Promax
method®.

RESULTS

Analytical characteristics of the method

Figure 2A is a standard chromatogram showing the resolution
of 14 nucleosides as well as the internal standard Br8G
under the condition newly developed. The calibration curves
for 14 nucleosides, linear responses in peak area ratios of
nucleosides to the internal standard »s the nucleoside
concentrations were obtained with the correlation
coefficients varying from 0.995 to 0.9995. The intra- and
inter-day precisions of the method were determined by five
repetitive analyses of an aqueous solution of standard
nucleosides on three nonconsecutive days. The relative
standard deviation (RSD) of retention times was less than
1.70% (intraday) and 3.51% (interday), and that of peak
areas was less than 3.84% (intraday) and 7.85% (interday).
The limits of detection ranged from 0.05 to 0.56 pmol/L,
which ate better than the previous reports!'>'>'% thus being
suitable for the quantitative analysis.

When applied to the urine specimens from 60 healthy
adults, 10 patients with intestinal villous adenoma and 52
patients with colorectal cancer, a total of 14 nucleosides
were positively identified. A typical chromatogram of urinary
nucleosides from a normal person with peak identification
is given in Figure 2B.

Comparison of urinary excretion of nucleosides in healthy
adults, patients with intestinal villous adenoma and colorectal
cancer

Fourteen nucleoside concentrations of healthy adults
(group 1), patients with intestinal villous adenoma (group 2)
and patients with colorectal cancer (group 3) are listed in
Table 3. In the mean values of three groups, the most
abundant nucleoside was Pseu, followed by m1A and m11.
Pseu level was elevated above the normal values plus two
standard deviation (s) in the 58% (30/52) of patients with
colorectal cancer, while 20% (2/10) of patients with intestinal
villous adenoma was elevated. Cleatly, the concentrations
of 12 nucleosides (except U, G) were significantly elevated
in patients with colorectal cancer (P<0.05). Only four kinds
of nucleoside concentrations of patients with intestinal
villous adenoma were higher in comparing with those of

Table 2 Time events for the switching of column and of mobile phase!

Time (min) Pump Event Valve position

0.00-7.00 Pump 1 (eluent A) Sample matrix are discharged by column 1 1
Pump 2 (eluent B) Conditioning of column 2

7.00-10.00 Pump 2 (eluent B) Analytes are transferred from column 1 to column 2 2

10.00-50.00 Pump 2 and Pump 3 (eluents B and C) Analysis of nucleosides on column 2 by using a linear 1

Pump 1 (eluent A)

gradient elution program

Conditioning of column 1

*Eluent A: 0.25 mol/L NH,AC (pH 8.5); eluent B: 25 mmol/L KH,PO, (pH 4.5); eluent C: methanol:water (3:2, v/V). Flow rate: pump 1, 0.2 mL/min; pump 2, 1.2 mL/min.

Detection wavelength: 260 nm.
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healthy adults. Using 14 nucleoside concentrations as the
data vectors for PCA technique, 71% (37/52) patients with
colorectal cancer was distinguishable from healthy adults,
while healthy adults are correctly classified at 96% (58/60)
specificity. Serum CEA is the tumor marker being used in
clinic to diagnose colorectal cancer (cut-off level: 5 mg/L).
But the sensitivity of CEA method is 29% (15/52) based
on the data provided by the hospitals. Based on the equation
of classification of patients with colorectal cancer and
healthy adults, 14 urinary nucleoside concentrations of
patients with intestinal villous adenoma were calculated and
the results was marked into Figure 3A, it was found that
10% (1/10) of patients with intestinal villous adenoma were
in the area of patients with colorectal cancer.

>
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Figure 2 Typical chromatograms of (A) 14 standard nucleoside mixtures (B)
urinary nucleosides of a normal urine obtained under the established analysis
conditions. Column-switching HPLC conditions as Table 2. Peak identification:
1 Pseu; 2 C; 3U; 4 mlA; 51; 6 m5U; 7 G; 8 mll; 9 ml1G; 10 ac4C; 11 m2G;
12 A; 13 m22G; 14 Br8G; 15 m6A.

Table 3 Comparison of levels of urinary nucleosides from healthy
adults, patients with intestinal villous adenoma and colorectal can-
cer (mean=SD, nmoL/umoL creatinine)

Nucleoside Healthy adults Patients with Patients with
intestinal villous colorectal cancer
adenoma

Pseu 22.08+5.11 23.9945.61 42.19422.25%
C 0.15+0.12 0.40+0.21° 0.43+0.492

U 0.30+0.15 0.31+0.12 0.31+0.23
mlA 2.04+0.53 2.30+0.62 2.74+0.80%

| 0.28+0.11 0.2740.11 0.5040.35%
m5U 0.04+0.06 0.12+0.06° 0.13+0.08%

G 0.09+0.03 0.08+0.02 0.10+0.04
m1l 1.25+0.28 1.9740.50° 2.76+1.94%
milG 0.82+0.24 1.21+0.26° 1.44+0.51*
ac4C 0.69+0.20 0.70+0.19 0.84+0.30%
m2G 0.55+0.14 0.52+0.28 0.63+0.26%

A 0.52+0.16 0.59+0.25 0.66+0.30%
m22G 1.25+0.23 1.43+0.27 1.81+0.55%
m6A 0.04+0.02 0.06+0.05 0.07+0.05%

3P<0.05 patients with colorectal cancer vs healthy adults. °P<0.05 patients with
intestinal villous adenoma vs healthy adults.

Urinary excretion of nucleosides and clinical pathological
characteristics of colorectal cancer

We examined the relationship of urinary nucleoside
concentrations from patients of colorectal cancer with the
tumor size, Duke’s stages and differentiation. These results
are listed in Table 4. The level of m1G, Pseu and m1A
were positively correlated with the tumor size and Duke’s
stages of colorectal cancer, respectively (P<0.05). No
significant correlation was noted in observed values with
regard to tumor differentiation.

Preoperative and postoperative urinary excretion of
nucleosides

The changes in six urinary modified nucleoside concentrations
(Pseu, m1A, m1l, m1G, ac4C, m22G) before and after
surgery in 43 patients with colorectal cancer were studied.
The patients were classified into two groups: response group
(32 persons) and progressive disease group (11 persons).
Using the paired ~test, these urinary modified nucleoside
concentrations of response group before surgery were

A B C
PC2 PC2 PC2
5 11.0 11.0 7 .
4 9.4 9.4 7
3 7.8 7.8 1
21 6.2 N 6.2
1 . 4.6 ° 4.6 .
01 . 3.0 ) 3.0 1
-1 : . 144 ¢ " 1.4 A R
-2 1 -0.2 1 S0 s 0.2 S
-3 -1.8 -é.s R ° o
4 PC1  -3.4- pc1  -3.41
-5 T T \h T T T T T T T ‘5.0 T T T T T T T T T '5-0 T T T Pc\l

-2.0 -1.4-0.8 -0.2 0.4 1.0 1.6 2.2 2.8 3.4 4.0

Figure 3 PCA based on 14 nucleoside concentrations from healthy controls (+)
and patients with colorectal cancer (0). A: Positions of patients with intestinal
villous adenoma (*) were marked into the figure based on classification equation
from healthy controls and patients with colorectal cancer; B: Positions of 32 of
responsive cases after surgery (*) were marked into the figure based on

-3.0-23 -1.6-09 -0.2 0.5 1.2 1.9 26 3.3 4.0

-2.0 -14-0.8 -0.2 0.4 1.0 1.6 22 2.8 3.4 4.0

classification equation from healthy controls and patients with colorectal cancer;
C: Positions of 11 of progressive cases after surgery (*) were marked into the
figure based on classification equation from healthy controls and patients with
colorectal cancer.
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Table 4 Relationship of the levels of urinary nucleosides from
patients of colorectal cancer with the tumor size, Duke’s stage and
differentiation

Nucleoside Tumor size Duke’s stage Differentiation
R R R
Pseu 0.192 0.3252 -0.051
C 0.199 0.103 0.109
U 0.159 0.190 0.142
mlA 0.188 0.303% -0.014
| 0.241 0.198 -0.009
m5U 0.056 0.149 0.033
G 0.262 0.135 0.113
mill 0.287 0.202 0.045
mlG 0.376* 0.256 0.041
ac4C 0.053 0.189 0.008
m2G 0.275 0.261 0.091
A 0.068 0.224 0.023
m22G 0.287 0.270 0.051
m6A 0.097 0.157 0.201

R: relationship coefficient; ®P<0.05 nucleosides vs Duke’s stage.

significantly higher than those of patients after surgery
(P<0.05). Howevert, the pre- and post-surgery difference in
levels of these nucleosides for progressive disease group
had no significant changes.

PCA technique based on 14 nucleoside concentrations
as the data vectors was used to monitor changes in the
urinary excretion of nucleosides for patients with colorectal
cancer before and after surgery. When urinary nucleoside
concentrations of patients with colorectal cancer after
surgery were fed to the principal component regression and
marked to the space produced by the first two principal
components (PC1, PC2) of healthy adults and patients with
colorectal cancer before surgery (the process was similar to
the position prediction of the patients with intestinal villous
adenoma), it can be seen that points of 84% (27/32) patients
with effective treatment have come back to the normal
person area (Figure 3B). In the mean time, points of 91%
(10/11) patients with ineffective treatment have entered
into the area of colorectal cancer (Figure 3C).

DISCUSSION

Urinary nucleosides as biological markers of malignancy
have previously been reported for a wide variety of
cancets!"™"'"19. Howevet, only few reports existed regarding
colorectal cancer. Our preliminary examination revealed that
patients with colorectal cancer excreted in their urine
significantly elevated amounts of nucleosides by HPLC
method!™. But the method analysis of urinary nucleosides
involves manual sample extraction steps, resulting in artificial
error and time-consumption. In the current study, we
developed the automated column switching HPLC method
to examine the relationship between urinary nucleosides and
pathological characteristics of colorectal cancer and the
potential value of these compounds in monitoring progress
of the disease during surgery. The method is simple and
rapid, requiring a total analysis time of 50 min per sample,
with no time involved for sample processing. Its application
to routine urine samples suggests utility for mass patient
screening.

The present study also confirmed that significantly
elevated levels of urinary nucleosides were detected in
patients with colorectal cancer by the column-switching
HPLC method developed. Our data revealed that the mean
nucleoside concentrations from patients with intestinal villous
adenoma were significantly lower than those from patients
with colorectal cancer. Only 10% (1/10) of patients with
intestinal villous adenoma were in the area of patients with
colorectal cancer. This is in accordance with the previous
studies showing that patients with noncancerous diseases
and acute infections"”” do not excrete significantly elevated
levels of urinary nucleosides. A current study on urinary
nucleosides in colorectal cancer patients demonstrate that
in the malignant disease not just one but several of the
nucleosides is elevated. In such a multi-component alteration
of the nucleoside levels, a pattern recognition method could
reveal more information on difference among healthy adults,
patients with intestinal villous adenoma and colorectal cancer
than the evaluation of single components. The PCA method
was applied for evaluation of the nucleoside levels in the
three groups. The sensitivity of urinary nucleosides in
patients with colorectal cancer was 71%, whereas the
sensitivity of currently used tumor marker CEA is 29%.
Utinary nucleosides may be a satisfactory biological marker
for this disease.

It was also found that the level of m1G, Pseu and m1A
were positively correlated with the tumor size and Duke’s
stages of colorectal cancer, respectively. These nucleosides
may be useful as prognostic factors. Modified nucleosides
have a much shorter half-life in the body than protein. A
faster response to therapy and recurrence of disease is
therefore feasible. Our results show that the changes in
urinary nucleoside concentrations of patients with colorectal
cancer almost paralleled with the change of disease status
of patients after surgery (Figures 3B and C). The results
are in agreement with the previous studies about urinary
nucleosides being useful for monitoring progress of
lymphoma and small cell catcinoma of the lung”'*?. These
facts indicated that urinary nucleosides may be of value
for a rapid assessment of disease course in monitoring
colorectal cancer.

These studies have indicated the potential utility of
urinary nucleosides as biological marker for colorectal
cancer, especially when the column switching HPLC method
developed is combined with the PCA data processing
method. Because the whole-body RNA turnover correlates
quite well with the protein turnover!?, attention has to be
paid to the alterations of urinary nucleosides under various
catabolic conditions other than those occurring in malignancies,
e.g. malnutrition, endocrine abnormalities, alcoholism and
stress. More works are currently in progress to evaluate the
usefulness of urinary nucleosides in differentiating cancer
from other disease status.
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