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SUMMARY

A method for the determination of the urinary excretion level of methylated
nucleic acid bases by gas-liquid chromatography (GLC) has been developed. A clean-
up procedurg prior to GLC analysis consisted of hydrolysis, filtration, charcoal ad-
sorption, and anion exchange. Studies to determine optimum derivatization condi-
tions for conversion of the methylated bases to their trimethylsilyl derivatives and to
evaluate GLC parameters and columns to obtain the best separation were conducted.
Application of the method was shown by determining the excretion leveis of methylated
bases in urine of normal controls and of patients with various types of malignancy.

INTRODUCTION

Biomedica! interest in the methylated nucleic acid bases has been stimulated
by reports of elevated levels of the methylated bases in malignant tumorst~?, com-
pared with normal control tissues!-**5-1¢, These methylated bases, which are found
as minor constituents of transfer ribonucleic acid ((RNA)Y*-15 and to z lesser extent
in ribosomal RNA'S, result from the modification of tRNA by specific tRNA
methylases at the enzymatic level'"2%. Abnormally high levels of tRNA methylase
activity has been noted by Borek!? in studies of thirty different malignant tumors
compared with their corresponding normal tissues.

Although methylated nucleic acid bases have been shown to be normal excre-

* Contribution from the Missouri Agricultural Experiment Staticn, Journal Series No. 7362.
Approved by the Director.
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tion products in human urine as a resuit of the metabolic degradation of tRNA'S,
Boreki? noted elevated excretien levels for methylated bases by patients with
malignant tumors. Weissmann er ¢/.%, Adams er ¢l.°, Fink er ¢/ %%, and Park er al.'9,
have shown that increased methylated base excretion occurs in patients with acute
leuxemia.

To establish if a relationship between the levels of methylated bases in urine
and neoplastic growth exists and to determire if the measurement of these com-
pounds might serve as either a diagnostic niethod or for monitoring the effects of
treatments, an accurate, seasitive, and consenient method of analysis is necessary.
Methods for the analysis of methylated bases in urine have been developed by
Weissmann ef ol.?:, Adams er al’. and by Fink ef @f.®* and consist of ion-exchange
chromatography for sample cleanup, paper chromatography for separation. and
ultraviolet (UV) spectroscopy for detection. A number of methylated bases in normal
and cancer-patient urine have been detected and semi-quantitatively analyzed using
these methods: however, these procedures lacked specificity and sensitivity, and were
too tme consunung for extensive chnical studies. High-pressure anion-exchange
chromatography has been used by Waaikes er a/.?? for the analysis of minor nucleosides
and bases in urine and gave quantitative results, but the method does not lend itself
to the frequent rapld analyses for clinical studies.

Gas-liquid chromatographic {GLC) methods for the analysis of the major
nucleic acid bases have been reported by Lakings and Gehrke™ ¥, and the analysis
of minor nucleosides by GLC has been developed by Chang er a¢/.?*. GLC. because
of its sensitivity, specificity, and speed of analysis. presents a guantitative analvtical
tool with the ability of rapid, frequent analyses necessary for a study of the excretion
levels of the methylated bases in urine. This investigation describes the development
of such a procedure

EXPERIMENTAL

Apparaius

A Model 402 biochemical gas chromatograph (F & M. Division of Hewiett-
Packard, Avondale, Pa., U.S.A)) equipped with duai electrometers, dual hydrogen
fiame detectors. and an Electronix 16 dual per strip chart recorder was uszad in this
study.

For elevated temperature reactions, a sand-bath with a variable temperature
control (2°) was used.

Standard calibration solutions of the methylated bases, prepared from stock
solutions, and samples were dried on a hot plate (75°) under a stream of pure nitrogen
gas.

Giass ion-exchange columns (Fisher and Porrer, Warminster, Pa., LI.S.A}
used for sample cleanup were 5 X 150 mim with 2 50-m! reservoir, ¢ X 150 mm. and
15 X 150 mm.

Reagents
The methylzted purine and pyrimidine bases {(°MeB} were obtained from Cyclo
{Los Angeles. Calif.,, U.S.A.3: I-methyladenine (1-MeAde), 2-methsiladenine (2-
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MeAde}, I-methyihypoxaathine (I-MeHypo). N2 N*-dimethylguanine (N2, N2-DiMe-
Gua), N*-methylguanine (N>-MeGua}, I-methylguanine (I-MeGua), and 7-methyl-
suanine (7-MeGua); from Mann Research Labs. (INew York, N.Y., U.S.A.}: thymine
{Thy). 5-methylcytosine (5-MeCyt}, N6 Né-dimethyladenine (N°,N°é-DiMeAde), and
Né-methyladenine (NS-MeAde): and from Sigmaz (St. Louis, Mo., U.S.A}: N&-(_f>-
isopentenyijadenine (N%-:%-IsoAde}. Bis(trimethyvisilyl)trifiuorcacetamide (BSTFA)
was purchased from Regis (Chicago, Iil.,, U.S.A.} in PTFE-lned screw-cap vials.
Acetonitrile and dichloroethane were of “nanograde’™ purity and were purchased
from Maeallinckrodt (St. Louis. Mo., U.S.A.} as were formic acid. acetic acid, and
pyridine. The charcoal (80—100 mesh. Cat. No. 926043) was obtained from Regis. The
AG I X 2 anion-exchange resin was purchased from Bio-Rad Labs. (Richmond. Czalif.,
U.S.A.} The water was prepared by passing distifled water through a water
demineralizer {Ion Exchange Products, Chicago, IlI.. U.S.A.). The other reagents and
materizls used were of the highest purity available.

Chromatographic conditions

The chromatographic column and instrumenta! settings described earlier’ were
used in the initial part of this study. Also, the optimum silylating conditions and sol-
vent developed for the major bases® were used. Initial studies showed that the
methylated bases were sifylated by BSTFA and were chromatographicaily stable.
However, some MeB gave multiple peaks with the BSTFA—-acetomitrile mixture, and
complete separation was not obtained on the 1.0 m X 4 mm L.D. column (109 SE-30
on Supelcoport, 100-120 mesh).

To determine the optimmum sifyiating conditions for the MeB that would give
single reproducible pezaks. an evaluation of acetonitrile, dichloroethane, hexane, and
benzene as the silylation solvent at temperatures of 100° and 150° and for 15 and 30
min was conducted. To obtain the best separation of the MeB, the following columns
were studied: 3, 5. and 109, SE-36; 3 and 5% OV-3; and 3 and 5% OV-7 on 100-120
mesh Supelcoport.

Clegnup studies

Pretvious reportst-'® have shown that the excretion Ievel of methylated bases in
wurine was guite low, f.e. 1-10 mg per 24-h urine volume. Because of this low excretion
fevef and the presence of many urinary compounds that interfered with the GLC
analysis of the MeB, a cleanup step was required. Many methods for sample cleanup
were available and included liquid-liquid extraction, column chromatography, anion
and cation exchange. and adsorption chromatography. Each of these methods was
evaluated independently and in combination with the other procedures to develop a
total cleanup method for the analysis of the MeB in urine that gave good recovery
results and yet removed most of the interfering compounds from the urine sample.

Aualysis of normal and cancer-patient urine

Normal 24-h urine specimens collected without preservative but refrigerated at
all times were obtained from laboratory personnel and from the National Cancer
Institute, NIH. Cancer-patient 24-h urine specimens were obtained from the National
Cancer Institute, NIH. Aliquot samples were frozen and stored at —20° or lower. The
normal and cancer subjects were maintained on a regular diet with restricted protein.
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Beverages contzaining caffeine or theophyiline were excluded the day before and during

the collection period.
Calculation of the excretion levels of the methylated bases were as follows:

Hyee x ug LS.
H s R Ryenrrs.

ue MeB per aliquot =

Hyes | M8 I.5.

RWRyennn s, = Hyc.  ug MeB

where H,..z and H; s = height of peak of methylated base and internsal standard,
respactively, and RW Ry g/1.s. = relative weight response of the methylated base to

an internal standard.
To calculate the mg per 24-h urine volume excretion level of the methylated

bases:
©g MeB per aliquot 24-h urine volume {ml)
- X _
ml aliquot 1000 (pgfmg)

mg MeB per 24-h urine =

The recovery of the MeB added to urine was determined by analyzing an aliquot
of urine and calculating the milligram amount per 24-h urine of each methylated base.
Ancther aliquot of the same sample was then “spiked™ with 2 krnown amouat of the
MeB and analyzed.

RESULTS AND DISCUSSION

Chromategraphic properiies of the methylated bases

The determination of the optimum rezction conditions for converting the MeB
to their volatile trimethylsilyl {T,MS) derivatives consisted of experiments on silylation
solvents and various reaction times and temperatures. OF the solvents evaluated, only
dictloroethane and acetonitrile gave good symmetrical peaks for most of the MeB
when silylated with BSTFA at 130° for 13 min. Double peaks for some MeB were
obtained with acetonitrile as solvent; and dichlorosthane, which gave single peaks
for 2!l the bases except 3-MeCyt, showed incomplete silyiation. One base. I-MeHypo,
did not give a good chromatographic peak under any of the experimental conditions
and was therefore not included in further studies. However, dichloroethane-aceto-
nitrile {1 :1) as solvent gave good single peaks for all the MeB except 5-MeCyt, which
was a doublet.

The reproductbility of silylation and stability of the derivatives were deter-
mined by analyzing standard mixtures of the MeB at the optimum silylating condi-
tiors (BSTFA-acctonitrile-dichloroethane mixture, 2:1:1, v/v, heated in a closed
tubz at 150° for 15 min). Four independent samples were used to determine the
rep.oducibility: the average relative molar response (RM Ry s ). standard deviation
{5.1D))). and retention times are presented in Table I. One of the samples used in the
repraducibility study was analyzed on the next three days to determine the stabifity
of the derivatives, and these data are presented in Table 1.
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TABLE L

REPRODUCIBILITY OF DERIVATIZATION AND CHROMATOGRAPHY OF THE TMS
METHYLATED BASES

Detector flame ionization detector. Silylation with BSTFA n dichloroethane—-acetonitrile (2-I:1,
v/v} at 150° for 15 min. Retention times on a2 169 SE-30 on Supelcoport (100-120 mesh} column;
initial temperature, 90°; programmed at a rate of 7.5°/min. RM Ry, 5. four independent deter-
minations, relative molar response to acenaphithene as internal standard ; RAf Rycp;; s. = [area MeB/
moles MeBl/farea I.S./meles [.S.]. Standard deviation calculated from four independent determina-
tions; average relative 8.D. = 3.8%4.

Compound Rerertion time RMPBypis. S.D.

N&-MeAde 132 0.58 0.024
NENS.DiMeAde 130 0.64 (.029
Né-A2IsoAde 184 0.86 0.025
2-MeAde 16.4 G.57 2008
NZ-MeGua 172 Q.58 0.017
N> N2.DiMeGua 18.0 .83 Q020
7-MeGua 13.6 039 0.032
5-MeCyt 2.6-12.0 6.737 0.024
Thy 6.8 0.63 0.025

* Two peaks were obtained for 5-MeCyt, each was mtegrated independently then added to ob-
tain total area for RMR calculation.

In a later study on the optimum silyiation of the five MeB (N6.NS-DiMeAde,
Ne-MeAde, N2-MeGua. N2,N3-DiMeGua, and 7-MeGua), it was found that the
BSTFA-acetonitrile (i :1)} mixture heated in a closed vial at 150° for [ 5 min gavesingle,
reproducible peaks. The RAM Ry.ps. values for these five bases were the same as
shown in Table I. Further, the greater solubility of the MeB and the ease of handling
z single solvent made acetonitrile the soivent of choice.

Once reproducible chromatographic peaks had been obtained for the TMS
MeB, experiments were conducted to obtzin a GLC column that would separate these

TABLE I

STABILITY OF TMS METHYLATED BASES

Samples used in reproducibility study. Detector, flame ionization detector. Samples silylated with
BSTFA in dichloroethane-acetonitrife (2:1:1., v/v) at £30° for 15 min. RM Ry.s,1s. = rclative molar
response to acenaphthene as internat standard; RAM Ri.z;1s = farea MeB/moles MeBl/f{area .S,
moles £.8.]. Stlylated samples [eft at room temperature in a closed reaction vial between injections.

Compound RMPBuycp,1s.
After F day  After 2days Afrer 3 days Affer £ days

Né-MeAde 0.56 Q.57 8.59 Q.56
NENE-DiMeAde 0.67 .65 0.65 0.66 )
We- A IsoAde 6.90 0.89 0.85 0.87

2 -MeAde 0.56 .57 8.59 0.6C

N-MeGua a.5¢ .58 a.5¢6 0.58

NI NZ-DiMeGua 0.84 0.84 0.81 0.78

7-MeGua 0.43 0.3% 0.43 041

5-MeCyt 0.73 Q.7 Q.75 .70

Thy 0.60 ¢.62 .64 8.62
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Fig. 1. GLC anaiysis of methylated basges in 2 standard muxture. Column: 5% OV-3 on 100-120
mesh Supelcoport, 1.0 m X £ mm LD. Sample: 105 ug of each MeB Sihylation with 200 ¢i BSTFA
and 200 gl acetomitrile at 15G° for 15 min. Chromatographic cond:itions: volume injected, 4 pi;
inwrial temperature, 90°, initial hold, 4 min; program rate, 7.5%/mun, fina! temperature, 26G°; at-
teruztion, 1.3 < 107% Afs.

compounds. A baseline separation of all the commercizlly avaiiable MeB was not
considered essential in the early stages of this research as the MeB composition of
urire had not previocusly been well defined. Of the three liquid phases investigated,
only OV-3 gave separation of all the MeB, but not baseline separation. The best
chromatograms were obtained with a 1 0 m X 4 mm I.D. glass column packed with
59, OV-3 on 100120 mesh Supelcoport. A typical chromatogram of ten MeB deriva-
tives is shown i Fig. 1.

Cleanup merftod deielopment

Each of the cleanup methods evaluated, mcluding hquid-liguid extraction,
column chromatography, cation and anion exchange and adsorption chromatcgraphy,
provided partial cleanup of urine for methylated base analysis. Liquid-liquid extrac-
tions removed many urinary compounds from the MeB. but urinary salts remained
in ‘he aqueous phase with the MeB. No organic solvents were found that would
extract the MeB quantitatively from the urine samples. The MeB were not adsorbed
by any of the column chromatographic materials evaluated and were thus separated
from urinary compounds that were retzined by the adsorbent. However, urinary szlts
also were not adsorbed and thus not separated from the MeB. Cation- and anion-
exchange chromatography (CIE and AIE, respectively) did retain the MeB under
proper conditions, but the high level of salis present in urine prevented the use of
CIZ and AIE as an inttial cleanup step. Adsorption chiromatography proved to be the
mcst powerful cleanup method for MeB analysis in urine. The MeB were strongly
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adsorbed te charcoal, and the urinary salts and many organic compounds were re-
moved from the sample by washing the charcoal with diute acid or base and organic
solvents. The cleanup method which provided the best sample cleanup with the
lowest loss of MeB is presented below.

Cleanup method

Hydrolysis. (1) Place 4.0 mil of urine in 2 16 X 75 mm Pyrex cultare tube and
make to 1 N in HCI by adding 1.0 ml of 5 N HCL. (2) Seal the tube tightly with a
PTFE-lined screw cap and heat at 110° for 4.0 h. (3} Cool the sample and add 1.0 m!
of 4.0 N KOH to partially neutralize the excess HCL

Filtration. {1} Place the hydrolyzed sample in a 10-mi syringe with a 0.5-um
Solvinert filier (Millipore, Bedford, Mass., UU.S.A .} and pass the sample slowly through
the filter which retains the particulate matter present after sample hydrolysis. (2} Wash
the hvdrolysis tube and syringe with two 1-ml washes of 0.1 N HCI and add the washes

to the previous filtrate.
Charcoal adsorption cleanup. (1) Place the filtered sample directly ona 76 X 35

mm charcoal column (80-100 mesh) and pass it through the column at a flow-rate
{ca. 0.2 mli/min} slow enough to allow complete adsorption of the methylated bases.
(2) Wash the charcoal column with 60 m! of de-1onized water, 30 ml of pyridine-959%;
ethanol (i:1), 50 mi of de-ionized water, and 25 ml of acetic acid at a flow-rate of ca.
1.0 ml/min. (3) Elute the methylated bases from the charcoal with 49 m! of formic
acid—acetic acid (1 :1) at 2 flow-rate of cz. 0.5 mi/min. (4} Dry the eluate on a hot plate
{75°) under a stream of pure nitrogen gas.

Anion-exchange cleanup. (1} Dissolve the dried sample from the charcoal col-
umn in 2.0 ml of 0.1 N KOH and placeitona 70 X 9 mm AG | X 2 anion-exchange
resin (acetate form) at a flow-rate of ca. 0.2 mi/min. (2) Wash the sample container
with two 2-ml rinses of de-ionized water and place them on the resin after the sample
is completely on the resin. (3) Wash the column with 100 ml of de-ionized water at a
flow-rate of ca. 1.0 ml/min. (4} Elute the methylated bases from the resin with 40 mi
of 0.02 N acetic acid at a flow-rate of cq. 0.5 mi/min and collect the eluate in a 50-ml
beaker. (5} Add the internal standard {uracil} in dilute acetic acid {ca. 50 #g/1.0 mi) to
the eluate.

Sampie drying and silylation. (1} Concentrate the eluate from the AIE column
to approximately 2.0 ml on 2 hot plate {75°) under a stream of pure nitrogen gas, then
transfer it to a 4.5-mi culture tube with a PTFE-lined screw cap. {2} Rinse the beaker
with two I-ml portions of 0.02 N acetic acid and add to the culture tube. (3) Evaporate
the sample to dryness on g hot plate (75°) under a stream of pure nitrogen. {4) To
ensure complete dryness. add ca. [ ml of dichloromethane and evaporate to azeo-
tropically remove any remaining traces of water. (35) Silylate the dried sample with
0.2 ml of BSTFA and 0.2 mi of acetonitrile heated in a closed tube at 150° for 15 min.
{6) Analyze the silylated sampleona [.0m X 4 mm L.D. 5% OV-3 on 106-120 mesh
Supelcoport column.

An initial hydrolysis of the urine was found te be necessary to hydrolyze
methylated nucleosides present in urine to the free bases and to breakdown many
large molecules which aliowed for easier sample cleanup. Filtration of the hydrolyzed
urine prior to placing the sample on the charcoal column prevented the particulate
matter from plugging the charcoal column and interfering with the cleanup method.



76 D. B. LARKINGS, C. W. GEHRKE, T. P. WAAIKES

Analysis of normal and cancer-patient urine

Previous reports using ion-exchange chromatography, paper chromatography,
and UV spectroscopy have shown that MeRB are excreted in normal and in cancer-
patient urine. Weissmann er @l.f have reported a number of methylated purines in
normal urine including 1-MeHypo at 0.4 mg per 24 h, 7-MeGua at 6.5 mg per 24 h,
8-QH-7-MeGua at 1.6 mg per 24 h, and N>-MeGua at 0.5 mg per 24 h. Park er @/.™¢
reported ieB excretion Ievels for normat humans: 7-MeGua at 5.4 mg per 24 k, 8-
OH-7-MeGuza at 1.0 mg per 24 h. and N>-MeGua at 0.4 mg per 24 h; and for leukemia
patients: 7-MeGua at 8§ mg per 24 h, §-OH-7-MeGua at 4 mg per 24 h, and N3
MeGuaz in guantities too small for quantitation. These data indicate an increase in
the average excretion of MeB by leukemia patients as compared to normal humans.

Fink ef af. %> were able to detect I-MeAde, N°-MeAde, and various methylated
nucleosides using a procedure similar to that of Werssmann. Also, Fink reported that
the methyiated nucleosides were excreted at higher levels than the free bases. Mirvish
et ¢i?? also found MeB in normal human urine at levels similar to those reported
earlier. A study by Heirwegh er a5, and a later study by Waalkes er 2f.2® showed that
cafieinated beverages and high-purine diets did not affect the excretion of the MeB,
but did ircrease total purine excretion.

The methylated base excretion levels of normal humans were determined by
analyzing ten normal urines by the cleanup and GLC method ocutlined earlier. The
excretion values obtained for the five bases detected (NE.NS-DiMeAde, NS-MeAde,
RNANZ-DiMeGuu, N2-MeGua, and 7-MaGua) are presented in Takble 1. The average
excretion and standard deviation of each base for the ten normals were calculated and
ranged from 5.3 + 2.4 mg per 24 h for NS-MeAde to 1.} X 1.0 mg per 24 h for N2-
MeGua. These rormal excretion values agree quite well with earlier reported values for
these bases. A typical chromatogram for a normal urine sample is shown in Fig. 2.

TABLE I
ANALYSIS OF METHYLATED BASES IN NORMAL HUMAN URINE

mg MeB per 24-h urine = mg MeB per ml urine X 24-h urine volume (mif}; mg MeB per m! urine =
[area WMeB x mgLS.Yiarea I.S. X RIFRwes1s 1, RWRyewsis = farea MeB X mg[.S.}Vfarea 1 S. X
mg MeRBL

Sample mg Metkylated base per 24-F urine volumne (ml}

NS NS-DiMedde NOS-Medde N3, N*-DikfeGue N-AMeGua 7-MeGua

1 trace £3 16 trace 54
2 1.4 2.8 g5 trace 24
3 33 5.8 0.8 trace 3.1
4 3.5 58 0.8 3is 7.1
5 trace 6.2 1.6 trace 8.1
6 21 3.6 impurity trace 1.4
7 4.2 7.7 impurity 2.3 3.7
b4 1.8 &7 impurity trace 3.7
e 4.2 0.6 20 33 7.7
10 3.3 5.8 12 i1 52
Average = SD. 2310 58124 1205 i1 —-18 5321

Range trace—4.4 28166 0.5-20 trace—3.3 14-7.7
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Fig. 2. GLC analysis of methylated bases in normezl human urine Sample: 4.6 ml. Attenuation:
6.4 X 167 A f.s. Cleanup by hydrolysis, fitration, charcoal, and AIE. For further conditions, see
the legend to Fig. 1.

To determine the excretion level of the methylated bases from cancer patients,
fourteen camcer-patient urines were analyzed. Five different types of cancer were
evaluated: three colon cancer, three breast cancer, three melanoma, three Iung cancer,
cne kidney cancer, and one rectal cancer. The MeB excretion levels of the cancer
patients were generally higher than the levels excreted by normal humans. The

TABLEIV

ANALYSIS OF METHYLATED BASES IN CANCER-PATIENT HUMAN URINE
Calculation of mg MeB per 24-h urine volume- ses Table I

Sample mg KMethylated base per 24-k urine volume (mi)
NS, NS-DeMedde N°-MeAde N?,N°-DiMeGua N*-MeGua 7-MeGua

Colon cancer 1 — 5.8 3.4 - 5.7
2 59 10.7 3.7 5.2 12.9
3 5.7 5.t 1.5 2.5 162
Breast cancer | — 5.0 4.0 — 4.9
2 20 2.4 a.7 13 1.2
3 26 6.6 1.3 2.5 8.8
Melanoma b — 148 5.2 — 2.8
2 4.5 2.1 4.1 3t 2.6
3 5.3 33 1.0 1.0 8.5
Lung cancer i — — trace — trace
bed 1.4 23 1.6 1.7 82
3 8.4 314 23.3 trace 9.1
Kidney cancer § — 3416 3t — —
Rectal cancer [ — 16.0 74 — 6.2
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TABLE ¥
COMPARISON OF EXCRETION LEVELS OF METHYLATED BASES FROM CANCER
PATIENTS AND NCRMAL SUBJECTS

mg MeR per 24-h urine — mg MeB per mf urine X 24-h volume urine {mi}; mg MeB per mi urine =
aree MeBfarea LS. X mg i S./RW Ruycs/1s -

Corpound Average and range of mg MeB per
24-F urine excreted
Cancer pasierts® — Normals™
NS, NS-DileAde 3.1 {trace— 9.6} 2.3 {(trace—- 4.4)
No-MeAde 9.7 {trace-31.4) 5.8(2.8-10.6)
N2, E-DiMeCGua 4.7 (race-23.3) 1.2(05- 20}
N:-MeGua 1.2 (trace— 5.2) 1.1 {trace— 3.5)
T-¥eGuz 7.4 {trace—-18.6) 52(:4-77)
Axerzge totzl MeB 5.2 3.1

* Average for 14 different cancer patieats.
** Average for 10 different normals.

amounts of MeB per 24-h urine volume for the cancer patients are presented in Table
IV. Table V gives a comparison of the average amount of MeB excreted by cancer
patients and normal humans. Chromatograms from a colon cancer- and melanoma-
patient urine sre shown in Figs. 3 and 4. The peak eluting between NS, N°-DilieAde
znd NS-MeAde has the same retention temperature as adenine, and guanine elutes
with the same retention temperature as the peak between N2 NZ-DiMeGua and NZ-
MeGra.

The Ievels of methylated bases observed in normal and the increased amounts
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Fig. 3. GLC analysis of methylated bases in urine of  colon-cancer patient. Sample: £ ¢ mi. Cleanup
by hydrolysis, fitration, charcozl asid AIE For further conditions. see the legend to Fig. 1.
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Fig. 4. GLC analysis of methylated bases in urine of a melanoma patient. Sample: 4.0 mi. Cleanup
by hvdrolysis, filtration, charcoal, and AIE. For further conditions, see the legend to Fig. 1.
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Fiz. 5. GLC analysis of methylated bases in urine of a tung-<cancer patient. Sample: 4.0 ml spiked
with 50 pg of each MeB. Attenuation: 6.4 X 1071 A f.s. Cleanup by hydrolysis, filtration, charcoal,
and AIE, For further conditions, see the legend to Fig. 1.
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presesnt in cancer patient urines may be due to the excretion of methylated nucleosides
which are hydrolyzed to the free bases during the hydrolysis step in sample prepara-
tion. This is of particular importance for N? N--DiMeGua as analysis of the nucleoside,
N2, M2%-dimethylguanosine, has been reported in cancer patient and normal urine??-35:38,
The corrasponding nucleosides of the other methylated bases reported here have not
been guantitatively analyzed in normal! or camcer patient wurine to date. Further
reszarch 1s necessary to determine whether the primary excreiion product is the free
base, nucleaside, or a combination of both.

The per cent recovery of the MeB through the analytical method was deter-
mized by analyzing “spiked’ and “‘uaspiked™ aliquots of the same urine sample. A
total of twelve recovery samples was analyzed, and the average per cent recoveries
and ranges for the methylated bases were: NS NS-DibdeAde, 499, (43-589%); INS-
MeAde, 539 (43-60%;); N*N*-DiMeGua. 36% (87-109%): N>-MeGua, 53% 43—
65%); and 7-MeGua, 9249 €90-102 9)); a chromatogram obtained from a lung cancer-
pa-ient urine plus the added MeB is shown in Fig. 5.

The low recovery obtained for the adenine derivatives and N2-MeQGua can be
attributed to the pyridine—ethanol (95%) (1:1) wash of the charcoal column. which
partizally elutes these compounds. However, this wash was found to be essential in
that it removed the methylated xanthines from the sample, and as stated earlier. xan-
thine and its methylated derivatives interfere with the chromatography of the methyl-
ated bases. With better control over the intake of caffeined beverages, this pyridine-
ethanol (95 %)) wash would not be needed; ard the recovery of the adenine derivatives
and N2..MeGua would be similar to that obtained for NZ,N--DiMeGuz and 7-
MeGua.

CONCLUSIONS

A GLC method for the analysis of methylated nucleic acid bases in human urine
has been developed. The GLC and instrumental conditions of the methylated bases
were first determined. The MeB were converted to their velatile TMS derivatives with
BSTFA in acctonitrile as solvent by heating in a closed vial at 1507 for 15 min. The
derivatized bases were then analyzed on a chromategraphic column of 39, OV-3 on
Supelcoport (160-120 mesh).

Prior to the GLC analysis of MeB in urine, the sample must be cleaned to
remove salts and interfering compounds. The cleanup method developed consisted of
four steps: hydrolysis, filiration, charcozl adsorption, and AIE. The hydrolysis step
converted any methidated nuclecsides present to the free bases. The filtration step
remnoved particulate matter present after hydrolvsis which would interfere with further
cleanup. Charcoal adsorption angd AIE removed the szits and many other urinary
compounds from the methylated bases and provided z relatively clean sample which
could be anaiyzed by GL.C.

Using this method, ten normal human and fourteen cancer-patient urines were
znalyzed. An increased excretion level for some methvlated bases by cancer patients
over pormal humans was obsarved, and as noted in Table V, the overall average in-
craase in excretion was about 78%,. However, it is recognized that the number of
samples analyzed was insufficient for definitive conclusions to be made. Whether this
increased excretion is due to greater tRNA methylation by tRNA methylases and/or
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secondary to the more rapid turnover of the tumor tissue tRNA for the cancer
patients has not been ascertained. Future studies will determine whether excretion
fevels of methylated bases may be useful as a2 means for monitoring tumor growth or
in evaluating the response of patients with malignancy fo freatment.
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