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Abstract

This paper gives a capillary electrophoretic method for the separation of 15 urinary normal and modified nucleosides from
cancer patients in less than 40 min. A 500 mmXx50 pm uncoated capillary column (437.5 mm to window) was used. The
effects of the voltage and the sodium dodecy! sulfate (SDS) concentration in the buffer on the separation were studied. With
reproducibilities of migration times better than 1.2% (R.S.D.) and determined concentrations better than 5-25%, depending
on the concentrations of nucleosides in the urine, the analytical characteristics of the method were good. Using this
developed method, the concentrations of 13 norma and modified nucleosides, extracted on a phenyl boronic acid affinity
chromatography column, in 25 urines from patients of 14 kinds of cancer were determined. The levels (nmol/pmol
creatining) of modified nucleosides in urines from cancer patients were increased as compared with those in normal urines.
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1. Introduction

Methylated purine, pyrimidine and other modified
nucleosides have been shown to be excreted in
abnormal amounts in urine of patients with cancer
[1-5]. By contrast, excretion of modified nucleosides
by norma adults is relatively low [6,7]. These
excretory products are predominantly minor com-
ponents of transfer ribonucleic acid (tRNA) which
originate from the degradation of macromolecules
[8]. Evidence indicates that methylation of tRNA
occurs only after synthesis of the intact molecule.
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Since no kinases have been found that will rein-
corporate the monomer units into tRNA, the modi-
fied bases and nucleosides are excreted following
metabolic degradation of tRNA molecules [9]. Addi-
tional studies show that pseudouridine (Pseu) is not
catabolized but excreted in urine as the intact
molecule [10,11]. Efforts have been made to use
modified nucleosides as biochemical markers for
neoplastic diseases. Elevated concentrations have
been suggested as possible markers [2,4,12—16] for
leukemia [7,17], lymphoma [17,18], small cell lung
cancer [19,20], oesophagus cancer [21], breast can-
cer [22,23], nasopharyngeal cancer [5], brain cancer
[24], bronchogenic carcinoma [25], colorecta car-
cinoma [26], cancer of the urinary organs or female
genital tract [27], Hodgkin's disease [28] and for the
whole-body turnover of RNAs [2,12,21,24,29-32].
Urinary levels of modified nucleosides have been
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suggested to be useful for monitoring progress of
disease and response to therapy [5,16,22,27,28].

Although modified nucleosides have been studied
extensively in urine, only RP-HPLC following con-
centration by boronate gd [2,5,10,12,14,16,19,
20,27,29-34] and to some extent immunoassays
[21,35] have been used as the main anaytical
methods. Recent technology developed in our labora-
tory has allowed the separation and quantification of
nucleosides in normal urine using a capillary electro-
phoretic method [36]. Now, this technique was
further optimized to make it suitable to the analysis
of urine from cancer patients in a shorter time.
Applying this method, normal and modified nu-
cleosides in 25 urines from patients of 14 kinds of
cancer were determined and the results compared
with those from normal urine.

2. Experimental
2.1. Urine samples

Spontaneous urines were collected from 2 healthy
men and 25 cancer patients (16 males, 9 females).
After collection the samples were immediately
frozen and stored at —20°C. For the analysis of the
ribonucleosides the samples were thawed at room
temperature. The patients were between 43 and 75
years of age. Fourteen kinds of cancer included
breast, bronchial, oesophagus, rectum, hypopharynx,
prostate, thigh, follicular, anaplastic, bladder, endo-
crine, floor of mouth cancer, as well as glioblastoma
and oligodendroglioma. While urines were collected,
most of the patients were being treated by chemo-
therapy and/or radiation. Some patients were oper-
ated several months or years ago, but the carcinoma
recurred and existed at collecting time. Two of the
patients died in the 5 months after urine collection.

2.2. Chemicals

Formic acid was purchased from Riedel-de Haen
(Seelze, Germany). Ammonium acetate, methanal,
ammonia, sodium dihydrogenphosphate monohy-
drate (NaH,PO,-H,0) were from Merck (Darm-
stadt, Germany). Borax (sodium tetraborate,
Na,B,0,-10H,0) and all nucleoside standards were

obtained from Sigma (Deisenhofen, Germany). So-
dium dodecyl sulfate (SDS) and Affi-gel 601 were
obtained from Bio-Rad (Munich, Germany).

2.3. Nucleoside extraction from urine

The phenyl boronate gel affinity chromatographic
method used to isolate the urinary nucleosides was
the same as described before [33,36]. Ten ml of
urine was mixed with 0.4 ml of 0.8 mM interna
standard (3-deazauridine) solution and extracted on a
phenyl boronate column (Affi-gel 601) possessing a
specific affinity for cis-hydroxyl groups. The eluate
from the phenyl boronate column was evaporated to
dryness in a vacuum system at 39-40°C and dis-
solved in 1 ml of water producing an extract
concentrated by a factor of 10 as compared to the
origina urine.

2.4. Capillary electrophoresis

All separations were performed on a Dionex
(ldstein, Germany) capillary €electrophoresis system
(CESI) in an uncoated capillary (500 mmXx50 pm
I.D., 437.5 mm to window) from Grom (Herrenberg-
Kayh, Germany). Fused-silica capillaries were con-
ditioned before use by rinsing with 2 M NaOH and
water for 15 min each. The electrophoretic sepa-
rations were performed with 25 mM borax
(Na,B,0,-10H,0)-50 mM phosphate (NaH,PO,-
H,O) buffers of varying SDS concentrations. The
buffers were obtained by dissolving different
amounts of SDS in the aqueous solution, which
contained 9.54 g (25 mmol) of Na,B,0,-10H,0 and
6.90 g (50 mmal) of NaH,PO,-H,O per | and was
adjusted to pH 6.7 by using 5% HCI. The buffers
were filtered through a 0.45 pm membrane filter, and
degassed in an ultrasonic bath for 10 min before use.
The capillary was rinsed for 100 s with water,
followed by 100 s with 0.1 M NaOH, 100 s with
water, and finally 120 s with buffer after each run.
Samples were introduced by gravity injection at 100
mm head height for 45 s (injected sample volume,
10-15 nl). On-column UV detections were per-
formed at 260 and 210 nm in sequence. Data were
collected using a dedicated computer system with a
Dionex AC interface and Dionex Al-450 software.
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2.5. ldentification and quantification of nucleosides

The details of this procedure have been reported
elsewhere [36]. The peaks were identified by: (1)
comparing migration times of the unknown peaks
with those of the standard nucleosides eluted under
the same conditions, and (2) by spiking the sample
with stock standard solutions of nucleosides. The
calibration curves obtained by plotting the peak areas
vs. concentrations of the nucleosides were obtained
by eluting the three standard solutions with different
concentrations. Because the standard solutions of the
nucleosides were extracted under the same condi-
tions as the urines, the concentrations of the nu-
cleosides in urine could be calculated directly based
on the calibration curves. The concentrations were
then transformed into nmol / wmol creatinine. Urinary
creatinine levels were determined by a modified Jaffe
method [37].

3. Results and discussion
3.1. Optimization of operational conditions

A capillary electrophoretic method using an un-
coated column with a length of 565 mm has been
developed in our laboratory [36], and was applied to
the analysis of urinary nucleosides extracted from
healthy volunteers. The analysis was completed in
less than 45 min. The results were similar to those
from HPLC methods [33,36]. In this study new
capillary columns with a length of 500 mm were
used to further reduce the analytica time. The
composition of the buffers and the voltage were
varied to optimize the conditions for the separation
of 15 normal and modified nucleosides of interest.

Fig. 1 shows that with the increase of the SDS
concentration, migration orders and resolution of
some nucleosides were changed. Pyrimidine nu-
cleosides eluted before purine nucleosides in the
order U<C<G<A<X and norma nucleosides
eluted before their corresponding alkylated analogs.
Using a buffer with 200 mM SDS, the nucleosides in
the standard solutions can be separated. Unfortuna-
tely, nucleoside samples extracted from urine contain
many other substances which disturb the determi-
nation of the nucleosides. Fig. 2 shows two typical
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Fig. 1. The effect of SDS concentration on the separation of
standard nucleosides solutions. Capillary: 500 mmx50 pum 1.D.
(437.5 mm to window); applied voltage: 7.0 kV; buffers and
detection wavelength: (@ 100 mM SDS-25 mM borate-50 mM
phosphate pH 6.7, 210 nm; (b) 200 mM SDS-25 mM borate—50
mM phosphate pH 6.7, 260 nm; and (c) 300 mM SDS-25 mM
borate—50 mM phosphate pH 6.7, 260 nm; injection head height:
100 mm; load time: 45 s peak identifications: Pseu=
pseudouridine, Dhu=dihydrouridine, U=uridine, C=cytidine,
mU=3-methyluridine +5-methyluridine, |=inosine, mll=1-
methylinosine, ac4C=N4-acetylcytidine, G=guanosine, m1G=1-
methylguanosine, A=adenosine, 3-Dzu=3-deazauridine, X=
xanthosine, m2G=2-methylguanosine, m6A =N6-methyl-
adenosine.

electropherograms of nucleosides extracted from a
urine. More peaks are obtained using the buffer with
300 mM SDS. The optimal buffer for the separation
of nucleosides extracted from urine is 300 mM SDS—
25 mM borate-50 mM phosphate (pH 6.7).
Voltage control in capillary electrophoresis offers
an important parameter affecting sample migration
time. As field strength is increased, migration ve-
locity increases, and, therefore, migration time de-
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Fig. 2. The effect of SDS concentration on the separation of
nucleosides extracted from urine. Sample: nucleosides extracted
from a normal spontaneous urine; detection wavelength: 260 nm;
buffers: (8 200 mM SDS-25 mM borate-50 mM phosphate pH
6.7; and (b) 300 MM SDS-25 mM borate-50 mM phosphate pH
6.7; other conditions as in Fig. 1.

creases. In general, peak efficiency, and, therefore,
resolution increases as a function of voltage up to a
point under a given set of run condition; above this
point efficiency may diminish. For a given sample
the applied voltage depends on the ‘critical pair of
substances’, that is the pair of substances which are
difficult to separate. In the nucleoside sample, the
‘criticl pair of substances is N4-acetylcytidine
(acAC)/guanosine (G). When the applied voltages
were increased from 6.5 kV to 8.0 kV (Fig. 3), the
resolution between acAC and G is reduced, but the
analysis time is shortened. The optimal voltageis 7.0
kv with the current of 47-49 pA. Under these
conditions, all nucleosides of interest could be
baseline-separated (Figs. 1 and 2).
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Fig. 3. The effect of the applied voltage on the separation of the
‘critical pair acAC/G. Sample: standard nucleoside solution;
detection wavelength: 210 nm; the buffer: 300 mM SDS-25 mM
borate—50 mM phosphate pH 6.7; voltages: (8 6.5 kV; (b) 7.0 kv
with 49 pA of current; and (c) 8.0 kV; others as in Fig. 1.

3.2, Reproducibility of quantification

Under the selected conditions, for a given sample,
the within-day reproducibility of the migration times
was better than 1.2%, of the peak areas better than
5%, which is similar to the results with a 565
mmx50 wm capillary column [36]. The analytical
time was shortened to less than 40 min because of
the shorter column.

To evauate the reproducibility of the analytical
method, five 10 ml aliquot samples, taken from a
spontaneous urine, were extracted and analyzed. The
coefficients of variation were 4—-27% depending on
the concentration of nucleosides and their migration
position (Table 1). This reproducibility is sufficient
for the analysis of nucleosides in urine.

3.3 Analysis of nucleosides in urine from cancer
patients

By applying this capillary electrophoretic method
and analysing 24 normal 24-h urine samples, the
reference ranges of nucleosides in normal human
urine have been established [36]. To avoid the
inconvenience of 24-h collections, Gehrke et al. [10]
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Table 1
Reproducibility of quantification of developed CE method®
C (pM) SD. R.SD. (%)

Pseu 235.67 20.69 8.78
U 3.58 0.16 4.46
C 1.68 0.30 17.76
muU 2.09 0.18 8.74

| 214 0.59 27.42
m1l 9.57 111 11.58
ac4aC 6.44 1.03 16.00
G 1.09 0.09 8.24
miG 7.83 0.88 11.20
A 3.59 0.40 11.15
X 3.08 0.15 4.69
m2G 8.79 2.73 31.03

®Five aiquot samples from a spontaneous urine from a healthy
volunteer were extracted and analyzed under identical conditions.
C is the average value of 5 determinations.

and Borek [4] undertook extensive studies to de-
termine whether the level of excretion of modified
nucleosides could be related to the creatinine level of
random urine samples. From these studies, it became
apparent that the ratio of nucleosides to creatinine in
random samples was the same as that in 24-h urines.
This means that random samples can be used, and
the results are as valid as those from urine collected
over a 24-h period, when nucleoside levels are
expressed relative to creatinine. For this reason we
could use spontaneous urine samples instead of 24-h
collections in the study on the nucleosides excretion
in cancer patients. Typical electropherograms of
norma and modified nucleosides extracted from a
spontaneous urine of a cancer patient are given in
Fig. 4. The resolution is similar to that obtained with
alonger column [36]. MBA was reported either to be
present at a very low concentration in or to be absent
from urine [2,36]. Its concentration in urine from
cancer patients was not determined in this study.
When UV detection was performed at 210 nm,
dihydrouridine can aso be determined [36].

Using the developed method, 25 spontaneous
urines from patients with different kinds of cancer
were analyzed. Fig. 5 demonstrates that the levels of
nucleosides in urine from cancer patients were
generally elevated, and that the increase of modified
nucleosides is more pronounced than that of normal
nucleosides. When a significant elevation of nu-
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Fig. 4. Typica electropherograms of normal and modified nu-
cleosides extracted from urine of a cancer patient. Sample:
nucleosides extracted from a spontaneous urine from a patient
with breast cancer; detection wavelength: 260 nm; buffer: 300 mM
SDS-25 mM borate-50 mM phosphate pH 6.7; voltage: 7.0 kV
with 49 pA of current; other conditions as in Fig. 1.

cleosides is defined as a value higher than the
average plus two standard deviations determined in
normal urine, the concentrations of pseudouridine
(psew), 1-methylinosine (mll), N4-acetylcytidine
(ac4C), 1-methylguanosine (M1G) and 2-methyl-
guanosine (m2G) in urine of patients with cancer
were elevated significantly. Perhaps these nu-
cleosides can be chosen as candidates as biochemical
markers of cancer. These results are in agreement
with the suggestions of several previous studies
[5,15,27,33].

4. Conclusions

This study shows the applicability of capillary
electrophoresis to the quantitative analysis of urinary
modified nucleosides from cancer patients in less
than 40 min with a good resolution and sufficient
sensitivity. Compared with the method published in
[36], the analytical time is shortened by 5 min
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Fig. 5. Mean excretion of norma and modified nucleosides in
urine from normal healthy volunteers and patients with cancer.
Urinary nucleoside mean excretion levels (mean=S.D.) by healthy
volunteers were: Pseu, 25.32+10.32; U, 0.47+0.190; C,
0.07+0.095; mU, 0.089+0.123; |, 0.14+0.10; m1l, 1.27+0.475;
acAC, 0.60+0.384; G, 0.01+0.021; mlG, 0.82+0.298; A,
0.18+0.172; X, 0.45+0.260; and m2G, 0.39+0.197. Urinary
nucleoside mean excretion levels (mean=S.D.) by 25 cancer
patients were: Pseu, 4845+24.92; U, 0.745+0.344; C,
0.084+0.106; mU, 0.319+0.222; 1, 0.480*=0.509; mil,
2591+1.440; acAC, 1.391+0.674; G, 0.247+0.318; miG,
1438+0.786; A, 0.486+0.566; X, 0.939+0.998; and m2G,
1.577+1.029.

because of a shorter column. With both methods the
analytical results obtained are similar to those with
HPLC [33]. Immunoassays with antibodies against
modified nucleosides offer a possible aternative
methodology with some advantages over HPLC and
CE in the quantitation of one or few nucleosides.
However, when a broad spectrum of modified nu-
cleosides is studied, HPLC and CE are more suitable
than immunoassays. We think that the CE method
described in this paper is a complementary technique
to HPLC for the analysis of nucleosides in urines and
also offers some advantages over HPLC [36]. Be-
cause of the small number of samples, it is not yet
possible to exactly correlate the nucleoside levels
with the clinical data. It will also be necessary to
correlate the levels of the modified nucleosides with
those of conventiona tumour markers.
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