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Abstract DNA methylation plays an important part ifntroduction
the regulation of gene expression. Alterations in DNR

methylation in tumours have been reported and havemilial adenomatous polyposis (FAP) and hereditary
been used to generate hypotheses about mutagenesishangolyposis colorectal cancer (HNPCC or Lynch syn-
silencing of tumour suppressor genes. However, the dreme) are among the most frequent inherited cancer
derlying mechanism is still poorly understood, and cogyndromes and are transmitted in an autosomal dominant
flicting data on the levels of overexpression 6fo- manner. Patients affected by FAP bear a mutation at lo-
sine DNA methyltransferase in sporadic colon carcinoroas 5q21 in theAPC gene (for reviews see [15, 41]).
have been published. We used a competitive RT-PCRBAP is characterized by the occurrence of hundreds of
say for quantification of mRNA of '&ytosine DNA adenomatous polyps, mainly in the colon and rectum, in
methyltransferase in colon biopsies obtained from pearly adolescence and, if untreated, development of car-
tients with hereditary colon carcinoma syndromes aothoma [8]. In patients with HNPCC, a mutation in
compared the results with those obtained in a contgeines responsible for the repair of DNA mismatch errors
group. No significant difference was found between tiepresent and is associated with microsatellite instability
flat mucosa of FAP patients and the mucosa of the c¢for reviews, see [14, 15, 25, 27]). Clinical features are
trol group. In FAP and HNPCC patients, thec$tosine characterized by the early age at onset of colon carcino-
DNA methyltransferase mRNA levels of adenomas wemea and additional extracolonic carcinomas (for reviews
significantly higher P<0.05) than of flat mucosa in thesee [25]). Despite the term nonpolyposis, adenomas oc-
same group, but both showed great variability from peur in HNPCC and must be seen as representing the pre-
tient to patient. Our findings suggest that the mRNA lemalignant lesion. It is generally accepted that colon car-
els of methyltransferase cannot be used as predictigogenesis follows a multistep pathway involving muta-
marker for screening in families affected by hereditatipns or deletions in several genes and also changes in

colon carcinoma. the methylation levels of the DNA [15].

There is growing evidence that DNA methylation
Key words mRNA Quantification - RT-PCR - plays an important part in the regulation of gene expres-
Competitive RT-PCR - Hereditary colon carcinoma - sion and in cancer development. The methylation of
FAP - HNPCC DNA in eukaryotes is mostly restricted to the dinucle-

otide cytosine guanidine (CpG) [5, 32]. CpG islands are
areas of clustered CpG dinucleotides, are frequently lo-
cated in promoters of constitutively expressed genes, and
are generally unmethylated [2]. However the methylation
of the cytosine residues in CpG islands can suppress sub-
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during the DNA replication, but de novo methylating acinoma. Samples from the carcinoma, a polyp and mucosa with a
tivity has also been reported in vitro [21]. The expressi croscopically normal appearance were immediately frozen in

s quid nitrogen.
of the MTase is tightly regulated by the cell cycle [39,"F,o following cell lines and media were used: HCT116,

40] and is controlled by the proto-oncogem@sand c- HCT116a, HCT116b [4] in RPMI1640 containing 10% FBS,
jun [26]. The MTase is essential for development amdB mM L-Glu, 1.5 mM pyruvate, 62.5 mM L-Ser, 83.3 mM L-

differentiation, since fetal development of null mutarftsn, 0.6% BME vitamins, 0.6% BME-AA, 1.25% nonessential

PO ; M-AA, 1% penicillin/streptomycin; SW480, SW620 (ATCC)
mice is retarded and the embryos die at day 19 of geglglt/vh. L-15, 10% FBS, 0.2% sodium bicarbonate; KM12

tion. However, heterozygous mice that have reduc@tbvided by 1.J. Fidler, Houston, Tex) in Eagle’s MEM with
MTase levels show no apparent growth or change in pRanks’ salts, 5% FBS, 1% nonessential MEM-AA, 1% BME vita-
notype [22]. Apparently these mice display a lower indhins, 0.2% sodium bicarbonate, 1% penicillin/streptomycin; and

i i i A 29H (provided by D. Louvard, Paris, France) in DMEM, 4.5 g/l
dence in colorectal cancers against a Min—/— (multi cose, 10% FBS. Cells were passaged before reaching conflu-

intestinal neoplasia mouse) genetic background. This %fee_ All culture reagents were purchased from Gibco BRL (Gait-

fect is even more pronounced in combination with aglersburg, Md.).

ministration of 5-aza-deoxycytidine [17]. Total RNA was extracted from snap-frozen colon biopsy sam-
Expression levels of MTase during colon carcinogep/€s _of from cultured cells using TRI Reagent and Microcarrier

. : . el-TR (MRC, Cincinnati, Ohio) according to the manufacturer’s
esis have attracted attention following the report by ‘otocol. To evaluate the quality of the isolated RNA, 1 ug total

Deiry et al. [7] of an 18- to 200 fold overexpression d&NA was separated in a denaturing formaldehyde-agarose gel,
tected by using a RT-PCR assay. Further, they presentadsferred to a nylon membrane (Hybond N+, Amersham, Cleve-

data indicating the occurrence of a field effect in the né?ﬂd, T(%Zi?%tgﬁsﬁg/pgka{get?gggg gnl% gtﬁiggsovn\gi;ﬁ' Rmﬁih%fggs%%i
gnnal ﬁg\r/)v?a?lg?gthmeuz%srgedgcrglgg ?ggggg?%ﬁ@tlzn?ﬁkfo dasa qualitative measure for the integrity of the isolated RNA.
overexpression of the MTase [12], and similar data were ion of th itor for the h MT.

published by Schmutte et al. [35]. Lee et al. [19] fourfgnstruction of the competitor for the human MTase

no significant differences when they applied a quantit&-C-terminal portion of the human MTase gene 467 bp in size was

i i ina histone H4 mRNA aqgplified by RT-PCR using RNA isolated from a small cell lung
tive RNase protection assay using histone EHE:’cinoma cell line (NCI-H69, ATCC, Rockville, Md.) and the fol-

reference. All these data were obtained for sporadic iing primer pair: 5GAGCTCGAGCTCGTGCGGGAGTG-
lon carcinoma. Recently, studies on CpG methylation ¥&cccGe-3, 5-GGTACCGGTACCCCACTCATACAGTGGTA-
HNPCC [1, 20] revealed an association between hyp@ATTTG-3. The PCR product was cloned into the Sacl/Kpnl re-
methylation and microsatellite instability. Strilcfti)on Sr:teSdOf the PBléleicript KS+ Vectol[ (ﬁtratagelne, Iaa Jolla,
; ; if.). The identity and the orientation of the subcloned DNA
In the pres_ent .StUd.y’ we have investigated MTagggment of the MTase (pMT460) were verified by DNA sequence
MRNA levels in biopsies of flat mucosa of FAP anghajysis. An oligonucieotide cassette of 60 bp-ASCT-
HNPCC patients and of as human colon carcinoma cB{fCGATGTCGACTCGAGCCCGGGCTCTAGAGGATCCTGC
lines harbouring mutations in th®PC and DNA mis- AGAATTCGATATCAAGCT-3'") was then introduced at the unique

match repair genes. Our aim was to determine whethi&d!ll restriction site of the subcloned MTase fragment. The cor-

t insertion of the oligonucleotide cassette was confirmed by

. r
increased levels of MTase mMRNA can be detected Wh|§ﬁA sequence analysis. The purified plasmid DNA containing the

would be indicative of a field effect in FAP and HNPCéaternal standard for the human MTase was linearized at the 3'-
patients and could potentially be used as a predictarel with Kpnl endonuclease and then subjected to in vitro tran-
marker before the onset of clinical manifestations pggf“on using T7 RNA polymerase (Promega, Madison, Wis.)

: : : : owed by treatment with RNase-free Dnase | (Boehringer, Rot-
these inherited colon carcinoma Syndromes' For this uz, Switzerland). The concentration of the internal standard

pose, we applied a method for accurate quantificationcghpetitor RNA was determined by measuring the absorbance at
small amounts of RNA. Competitive RT-PCR was ch@60 nm. The presence of plasmid DNA was checked by PCR am-
sen because of its h|gh sensitivity, reproducib”ity armjfication of the newly transcribe.d RNA without reverse tran-
accuracy [9, 31, 36] scription. The working concentrations of RNA competitor were

Ve ) prepared in Formazol in 10-fold dilution steps with addition of
1 ug yeast tRNA (Stratagene) prior to each dilution.

Materials and methods

Biopsy samples were obtained during endoscopy and immediatct:afilmlmatltlve RT-PCR assay

frozen in liquid nitrogen. The control group consisted of 19 indfo eliminate possible experimental bias in the assay, all samples
viduals (average age 38 years; range 14—70 years) from eactvere blinded for their source. The amount of specific gene tran-
whom a single biopsy was taken. They showed no abnormalitsesipts (MRNA) was measured by a competitive RT-PCR assay:
on endoscopy and had no family background of hereditary colb? pg total cellular RNA and varying amounts of competitor RNA
rectal cancer syndromes. The FAP group was made up of 19 (i8-fg to 100 pg) were added to give a final volume of 10 pl, heat-
tients (average age 33 years; range 12-64 years) with clinicaltito 65°C for 5 min and immediately placed on ice. The RT mas-
manifest FAP and positive family background. From 17 of ther mix (10 mM Tris-HCI, pH 8.8, 5 mM MgGJ| 50 mM KClI,
FAP patients a single biopsy from flat mucosa was obtained, @ént% Triton X-100, 1 mM dNTP, 15 U AMV reverse transcriptase
from 2 patients two biopsies each. Additional biopsies from ad@&romega), 1 U rRNasin (Promega), oligo(giT)gprimer (Prome-
nomas were taken from 7 individuals. The HNPCC group consigt), 20 uM downstream PCR primerBI TAAAATCCAGAAT-
ed of 9 patients (average age 43 years; range 24—64 years) fulilCACAAAG-3') was added to give a final volume of 20 pl and
ing the appropriate clinical criteria [15, 25]. A biopsy from the flahcubated for 1 h at 42°C. The reverse transcription was terminat-
mucosa was obtained from each patient, and a biopsy was el$dy raising the reaction temperature to 95°C for 5 min. Then
taken from an adenoma in 3 patients. 5 pl of this reverse transcription reaction and a PCR master mix
Tissue samples were obtained from a total colectomy specinfg® mM Tris-HCI, pH 9.0 [25°C], 50 mM KCI, 0.01% gelatin,
of a 71-year-old female patient suffering from sporadic colon cdr5 mM MgCl, 0.1% Triton X-100, 0.2 mM dNTP, 0.5 pM PCR
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primers 5GGCTCTTCGGCAACATCCTG-3 5-TTTAAAATC- cler TC-1 or TC-480 using the following cycle conditions:
CAGAATGCACAAAG-3', 0.2 U SuperTag; Stehlin AG, Basel,1x95°/2 min, 50°/2 min; 3x94°/1.5 min, 50°/1.5 min, 72°/2 min;
Switzerland) were added to a final volume of 50 pl and overle8@x94°/1 min, 50°/1 min, 72°/1 min; 1x72°/10 min. This resulted
with a drop of mineral oil (Sigma Chemicals, St. Louis, Mo.). ThHa the formation of PCR products 352 bp (native PCR product)
PCR reaction was carried out in a Perkin EImer DNA Thermal Cgnd 410 bp (competitor PCR product) in size, which were separat-
ed by gel electrophoresis and visualized using an UV transillumi-
nator. The DNA bands were scanned using a CS-1 CCD camera
. (Cybertech, Berlin, Germany) and quantified using Wincam Ver-
Competitor RNA  Total RNA (Target) sion 2.1 software package (Cybertech). The log of the ratio of na-
1 I tive MTase PCR product to competitor PCR product was plotted
against the log of the initially spiked competitor RNA. Using lin-
RT ear regression analysis, the amount of mMRNA was determined
from the point of equal molar ratios of the native MTase PCR
¢DNA product and competitor PCR product (Fig. 1). The results were ob-
l PCR tained by at least two independent quantifications. The average
level of MTase mMRNA of each sample was normalized against the
I(’SRt relative ratio of intensities of methylene blue stained 18S and 28S
procucts ribosomal RNA bands.

gel electrophoresis MTase enzyme activity microassay

The MTase enzyme activity assay was performed according to
— |mmmm| @ [ | Competitor PCR product Issa et al. [12]. In brief, the cultured cells and tissue samples were
) . (— —— MTase PCR product homogenized. The homogenates were then incubated with
— poly(dl-dC) as synthetic substrate é®ddenosyl-[methyFH]me-
thionine as methyl donor. After termination of the methyl trans-
fer reaction, the labelled oligonucleotides were purified and the
radioactivity incorporated was determined by scintillation count-

ing.

Log (Target/Competitor)

Log (Competitor) Results

Competitive RT-PCR assay for human MTase

B Log of initial amount of target . . .
In order to establish a competitive PCR assay, a C-termi-

nal fragment 467 bp in size of the human MTase gene
was amplified by PCR, subcloned into a vector and mod-
H69-E2 H69-F3 ified by inserting a 60-bp oligonucleotide cassette to
Competitor RNA (pg) - 10 1 01 - 10 1 0.1 - yield the competitor. The identities of the subcloned
TotalRNA (ug) - 0202 02 02 0202 0202 MTase fragment and the competitor were verified by
Reverse Transcription -+ + + - + + + - DNA sequence analysis (data not shown). The amplifica-
tion efficiencies of both native and competitor DNA
were determined by coamplifying a mixture containing
equal amounts of target DNA [28] and found to be equal
over 35 and 40 PCR cycles (data not shown). Reverse
transcription of RNA to cDNA may be subject to varia-
tion from reaction to reaction. To avoid such variations
the competitor was added as cRNA to the total RNA and
the mixture subjected to reverse transcription followed
by PCR amplification (Fig. 1). The assay proved to be
Fig. 1 A Flow chart diagram of competitive RT-PCR. Tlsver linear over more than an order of magnitude of total
partis a schematic illustration showing the separation of compélNA (0.05-1 ug; Fig. 2).
tor and native PCR product by gel electrophoresis (seeClsthe In order to validate the competitive RT-PCR assay,

boxed regionindicates the point of equilibrium between spike .
competitor RNA and target mRNA amounBs Calculation of tar- R/ITase mRNA and the MTase enzyme activity of both

get mRNA amounts from multiple independent competition redI:U“U_red 0_9”5 and frozen human tissue samples were de-
tions by linear regression analysis (see “Materials and method&ymined in parallel. For both the cultured colon carcino-

C Example of a competitive RT-PCR assay for MTase mRNA. Tgra cells and the colon tissues, a good correlation be-
tal RNA of two different small cell lung carcinoma lines was mlxi%)

910 bp

540 bp

426 bp
410 bp

C 1 2 3 4 56 7 89

with increasing amounts of competitor RNA, and then subjecte gen MTase mRNA and enzyme aCt'V'.ty was obs_,erved
the MTase mRNA assay. The PCR products were electrophoretich@ble 1). For instance, \_/alues for both increased in par-
ly separated in ethidium-stained agarose, bands visualized by 8Nel from normal appearing mucosa to adenoma and car-
light, scanned and quantified (see “Materials and methods” sgfhoma [7, 12, 19, 35]. From these results, we concluded

tion). The following controls were performddne 1PCR negative that the PCR-based MTase mRNA assay was a reliable
control,lanes 5 and $CR of RNA without prior reverse transcrip-

tion, demonstrating absence of contaminating genomic DRA @Nd sensitive method that can be applied to colon biop-
competitor PCR produckT MTase PCR produc:) sSles.



60

Table 1 MTase mRNA and enzyme activity in cultured cells an 20
tissue:
20
MTase mRNAR Ratio MTase Ratio I B
(pglg activity? z
total RNA) (dpm) ﬁé
= 10
Cultured cells &
HCT116 14.5+0.8 1.0 127+14 1.0 E 5
HCT116a 6.5+0.2 0.4 715 0.6
HCT116b 23.5+2.5 1.6 18017 1.4 -
L J
i 0 + ; + t 1
Frozen fissue 00 02 04 06 08 10
Flat mucosa 1.5£0.3 1.0 4314 1.0
Adenoma 6.5+0.8 4.3 103+12 2.4 Total RNA (ng)
Carcinoma 13.5+0.5 9.0 207418 4.8

Fig. 2 Demonstration of the linearity of the competitive RT-PCR
aExpressed as mean+SE assay for human MTase mRNA. Increasing amounts of total RNA

b The HCT116 cells were established from a sporadic colon cafgplated from a colon carcinoma were subjected to quantification

noma and were fractionated into the subpopulations HCT116a &fdompetitive RT-PCR. The spiked competitors were varied from
HCT116b (Brattain et al. 1981) 10 fg to 100 pg per RT-PCR reaction. The PCR products were sep-

¢ The tissue Samp|es were obtained from a female patient Wﬁted and visualized on a ethidium bromide-stained 2.5% agarose

years old) suffering from sporadic colon carcinoma (see “Mate#i€!- The ratio of competitor to native MTase PCR product was de-
als and methods” sectic:) termined using the Wincam V2.1 image scanning software. The
mRNA expression level was calculated by linear regression analy-
sis of the competitor to native PCR product ratio at three different
competitor concentrations. The results are expressed as the aver-
age of at least two individual assays per total RNA quantity =SD

Table 2 MTase mRNA levels in human col:n

Patient groups  Flat mucosa Adenoma

No.of  (pglig No.  (pofg (P>0.05). Similarly, samples of flat mucosa of HNPCC
biopsies total RNA)  biopsies total RNA) patients and control mucosa were not statistically differ-
ent (Table 2; Fig. 3). In addition, the values showed great

C —_ —
(I::thr()l grotp 2119 fbiizl_?d 7 13.8+13.9 Vvariability both in flat mucosa (2.1 to 12.7 pg MTase
HNPCC 9 4.4+26¢ 3 24.9+0.9 MRNA/ug total RNA) and in adenomas (1.8-50.3 pg
MTase mRNA/ug total RNA). Values for control mucosa
2Expressed as mean+SE also varied (1.0-7.9 pg MTase mRNA/ug total RNA).

b, ¢ Designat irs of tatisticall t diff t (Wil - . ; .
Manr?i‘}?ﬁi?niypf‘e'gp°>g_%’g)ps statistically not different ( €Ol hus, it was not possible to establish a measure for a

d. e Designate pairs of groups statistically different (WilcoxorRormal MTase mRNA level, and consequently there was

Mann-Whitney testP<0.05) no threshold level that would be clinically useful. The
_ . MTase mRNA levels were significantly higher in the ad-
Table 3 MTase mRNA level of various cell lin2s enomas of FAP and HNPCC (3-fold in FAP and 6-fold in
Cell line Origin MTase mRNA HNPCC) than in flat mucosa (Table 2).
(pgfug total RNA)

HCT116 Carcinoma 145+ 0.7 MTase mRNA in cell lines
Hgﬂgg gg{g;ﬂgmg zg:gi g:é The HCT116 cr:]ell lines harbou[r a mut]ationdin one of '[he(zj

: DNA mismatch repair genes [29, 30], and SW480 an
gwggg Sgﬁgﬂgmg g%:gi 8:8 SW620 lines carry anlAPC mutation [33, 37]. The
KM12C Carcinoma 304+ 3.3 AA/C1/75 and AA/10 C cell lines represent FAP adeno-
KM12L4 Carcinoma 31.3+ 8.2 ma-derived polyclonal and monoclonal nontumorigenic
KM12SM Carcinoma 42.2+10.7 cell lines, respectively, whereas the AA/23 is a chemical-
AA/C1/75 Adenoma 20.8x 4.3 ly transformed tumorigenic line [42]. The genotypes of
AA/10C Adenoma 30.4+ 2.3 KM12 and HT29H cell lines were not available. The
AA/23 Adenoma 51.3+ 0.7 mRNA levels of MTase in various cell lines derived from
HT29H Carcinoma 73.5t 5.9 carcinomas and an FAP adenoma are detailed in Table 3

and are generally higher than those measured in normal
colonic mucosa and flat mucosa of FAP and HNPCC
(Table 2). From our analysis it also became evident that
the MTase mRNA levels vary between the cell lines by
All samples were blinded for their source and the codse order of magnitude. In the FAP adenoma-derived
was broken after all assays had been performed and aedl-lines, MTase mRNA was higher in the chemically
lyzed. The MTase mRNA levels were determined in diransformed, tumorigenic line AA/23 than in the nontu-
opsies from patients with FAP and HNPCC, and comorigenic AA/C1/75 and AA/10 C lines (Table 3).

pared with the control group (Table 2, Fig. 3). The level

of MTase mRNA in the flat mucosa of patients with FAP

did not differ statistically from the control level

aExpressed as mean+:E

MTase mRNA in hereditary colon carcinoma
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Fig. 3 A, B Competitive RT- Ca Ad Muc K

PCR of MTase of human colon = s —_

tissue. A Specimens obtained S o =) =) .
from a sporadic colon carcino- 88888888 o Competitor(fg

ma.B Colon biopsy samples.
(CacarcinomaAd adenoma,
Muc mucosaK control PCR
with no DNA addedFAP sam-
ples taken from patients with
familial adenomatous polypo-

-a— Competitor
~%— MTase

sis,HNPCCsamples taken s el 2.1 LI O i IACR
from patients with hereditary
nonpolyposis colon carcino- Muc Ad Muc Muc  Muc Ad Muc
ma). For further details, see S o o o S o o
“Materials and methods” sec- S8 g 28s 888882288 8. 888,  Competitor (fg)
tion - - = == = A A A A 1 == == =
== Competitor
B
Discussion carcinoma patients, also reported no differences in the

MTase mRNA levels. Thus, in contrast to an earlier re-

Various investigators have studied MTase expressionpiort [7], no field effect was detectable in the flat mucosa
sporadic colon carcinoma [7,12, 19, 35]. A major objeof hereditary colon carcinoma. Hence, our data exclude
tive of our study was to compare the MTase mRNA lethe use of MTase mMRNA measurements as a molecular
els in colonic mucosa of healthy subjects and in the fiagnostic marker in patients at risk of inherited colon
mucosa of patients affected by hereditary colon carcirgarcinoma. In this context, recent studies by Hiltunen et
ma syndromes and to evaluate its possible value as a alefl1] on hypermethylation of th&PC gene promoter
dictive marker. For this purpose, we have investigategfjion of colorectal carcinoma are very informative.
MTase mRNA levels in biopsy samples of FAP arthey found hypermethylation in carcinomas but not in
HNPCC by applying a quantitative RT-PCR method. normal mucosa or in adenomas, and concluded that hy-

The levels of MTase mRNA we found in adenomas permethylation may be a rather late event during malig-
hereditary colon cancer were similar to those reportednt progression. Lee et al. [19] demonstrated that ap-
for sporadic adenomas [19, 35]. However, we noted cqarently elevated MTase mRNA levels were due to in-
siderable variations from patient to patient in the levedseased cellular proliferation. Increased cellular prolifer-
of MTase mRNA in our cases. Similarly, MTase mRNAtion and widening of the proliferative zone in flat muco-
levels of the studied human colon carcinoma cell linsa of manifest FAP in comparison to mucosa of healthy
varied widely. A closer examination of the previouslgubjects is well established [6, 13, 23, 24]. Thus, it may
published data on both MTase mRNA [7, 19] and ebe that the elevated, but statistically not significantly ele-
zyme activity [12] showed similar variations. The dissated, MTase mRNA levels in flat mucosa of FAP found
crepancies in the MTase mRNA levels reported in the lit-the present study reflected this increased proliferation.
erature [7, 12, 19, 35] may be due to the different metereover, we cannot exclude the possibility that the sig-
ods used. In our studies, we used a sensitive competitiifcantly elevated values for adenomas (compared with
RT-PCR assay for measuring MTase mRNA in smdlat mucosa) in both FAP and HNPCC resulted from in-
amounts of total RNA isolated from colon biopsies. lereased proliferation [19].
order to prevent erroneous data due to RNA degradationfwo recent studies have convincingly shown that lo-
in the samples, biopsies were immediately snap-frozeal hypermethylation occurs not only in cells of FAP har-
and a small fragment of MTase (352 nucleotides) wasuring a mutation in thAPC gene, but even more dras-
amplified by RT-PCR. Under our conditions no RNAically in cells with defects in genes of the DNA mis-
degradation was observed and the assay proved tomagch repair system found in HNPCC. Lengauer et al.
highly reproducible. Furthermore, the possibility thg20] studied tissue culture cells of known genotypes, and
variations in results might be due to differing cellulakhuja et al. [1], samples of colon cancer patients. Both
composition of the studied samples can be excludetydies reveal enhanced hypermethylation of CpG in reg-
since in our assay MTase mRNA determinations are t#atory regions of investigated gene loci in cells originat-
lated to total RNA. Hence, we believe that our measuirg from HNPCC patients. In our small HNPCC group
ments reflect the endogenous amounts of MTase mRNiher levels of MTase mRNA were found than in sam-
of the samples analysed and represent individual diffetes from adenomas of patients in the FAP group. More
ences in the patients and cell lines examined. studies will be necessary to clarify the implications of

We were unable to detect statistically significant diMTase expression, DNA methylation and tumour pro-
ferences in MTase mRNA levels between normal contigression in FAP and HNPCC.
mucosa and the flat mucosa of the patients with I:APA%Iimowledgements We thank Dr. R.J. Scott (Institute of Genet-

HNPCC. Lee et al. [19], comparing normal colonic Migs ~University of Basel) foAPC mutation analysis. The KM12
cosa with apparently normal mucosa of sporadic colesll lines were kindly provided by Dr. J.I. Fidler (MD Anderson
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