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c-Ki-ras mutations in colorectal adenocarcinomas from
a country with a rapidly changing colorectal cancer
incidence
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Summary We have examined the incidence of mutation of the c-Ki-ras proto-oncogene in colorectal adenocarcinomas from two different time
periods, namely 1962—1966 and 1994—-1996. The first cohort of samples consisted of formalin-fixed, archival paraffin block and represent the
oldest colorectal cancer samples for which ras mutation has been examined, while the second cohort of tumours were fresh, flash-frozen
samples representative of genetic events occurring in contemporary times. Analysis of mutation status was undertaken by a mismatch-specific
oligonucleotide hybridization analysis of exon 1 of the c-Ki-ras proto-oncogene after amplification by the polymerase chain reaction. Mutations
in codon 12 or 13 of c-Ki-ras were detected in 28% (14/50) of contemporary samples, a figure consistent with locally established mutation rates.
In contrast no mutation was detected in any of the 18 samples from the earlier period, a result that is statistically significant (P = 0.007). Age-
standardized rates of colorectal cancer in Singapore have seen a marked increase over the last 30 years, and for the first time we have shown
that such an increase in colorectal cancer is associated, at least in part with an increase in incidence of a specific mutagenic change.
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Singapore is a small city state located approximategbbve the Colorectal cancer is believed to arise by the accumulation of
equator. The population of approximately 3 million citizens isgenetic damage, in a process that may take years, or potentially
comprised of three main ethnic groups; the Chinese who compristecades (Fearon and Vogelstein, 1990; Fearon and Jones, 1992
some 77% of the population, the Malays, who comprise some 14%any of these changes have been well documented, and carn
of the population and the Indians who comprise approximately 7% clude activation of oncogenes as well as the inactivation of
of the population. Each of these races has significantly differertumour suppressor genes and genes of the mismatch repair family
age-standardized rates of colorectal cancer (see Table 1), with tbégenes (Baba, 1997).
Chinese citizens having a 2—2.5-fold higher risk of getting colorectal Approximately 40% of colorectal adenocarcinomas have been
cancer than their Indian or Malay neighbours (Chia et al, 1996). shown to contain activated copies of the cr&$-proto-oncogene

The incidence of colorectal cancer throughout the populatioriBreivik et al, 1994; Kiaris and Spandidos, 1995; Elnatan et al,
has been rising steadily. In 1972, the end of the first 5-year periot996) This gene belongs to tihas family of proto-oncogenes,
in which comprehensive national cancer records were kept, thiiree closely related genes that code for proteins 188 or 189 aminc
age-standardized rates of colorectal cancer were 19.9 per 100 086ids long (Barbacid, 1987; Bos, 1989; Grand and Owen, 1991),
for males and 15.6 per 100 000 for females. Colorectal cancer waghich exhibit intrinsic GTPase activity (Grand and Owen, 1991).
the fourth most common cancer in males, and the fifth mosAll members of theas family are converted to active oncogenes
common cancer in females. Today the situation is markedlyn naturally occurring tumours by point mutations in codons 12, 13
different, and the records for the period 1988-1992, the latest far 61 (Barbacid, 1987), although there is a strong preference for
which records have been published, colorectal cancer incidencerisutations in codons 12 or 13 (Bos, 1989; Yanez et al, 1987). These
36.4 and 28.5 per 100 000 for males and females respectively, anttations abolish GTPase activity, and result in constitutive
ranks as the second most common cancer for both males astimulation of autonomous growth and contribute to neoplastic
females (Chia et al, 1996). As such, Singapore offers unique
opportunities to St”d}’ the m0|eCU|lar events. in tumorig?neSiS’ bo.tl'l’a]lble 1 Age-standardized rates of colorectal cancer in Singapore
with respect to a single population that is undergoing a rapi
increase in incidence of colorectal cancer, as well as by compe 1968-1972 1988-1992
isons between population groups who essentially experience tl

same social and living conditions, but have markedly differen Males  Females Males _ Females
rates of colorectal cancer. Chinese 222 16.6 422 312
Malay 8.6 6.0 19.1 143

_ Indian 10.7 9.0 136 11.3
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Revised 8 February 1999
Accepted 11 March 1999

Age-standardised rates for colorectal cancer by sex and race for time periods
Correspondence to: DR Smith 1968-1972 and 1988-1992 (adapted from Chia et al, 1996)

237



238 W-Y Tang et al

development (Barbacid, 1987; Bos, 1989; Grand and OwerKit (Qiagen, Hilden, Germany). DNA sequencing reactions were
1991). performed using the Big Dye Termination reaction kit (PE Applied
The particular member of thas gene family that is found to be Biosystems, Foster City, CA, USA) on approximately 60-90 ng of
activated is characteristic of a particular tumour type, and inemplate from above. Analysis was undertaken on an automated
colorectal adenocarcinomas the majorityasf activation is asso- ABI 377-18 DNA Sequencer (PE Applied Biosystems).
ciated with c-Kiras (Bos et al, 1987). Activation of the c-IKas
gene has been found to be associated with a number of factors syq
as patient age, sex and tumour location (Breivik et al, 1994,
Elnatan et al, 1996), and the presence of mutations has be&fismatch-specific oligonucleotide hybridization was performed
variously correlated with neoplastic progression (VMogelstein et akssentially as described by Verlaan de Vries et al (1986) with some
1988; Fearon and \Vogelstein, 1990; Fearon and Jones, 1992)odifications as described previously (Elnatan et al, 1996; Smith
pattern of disease dissemination (Finkelstein et al, & 98303) et al, 1996) using a panel of primers specific for all possible muta-
and patient survival (Elnatan et al, 1996; Smith et al, 1996). tions of the c-Kiras proto-oncogene in codons 12 and 13 (Human
We were interested to discover whether the rate of @&i- ras Muta-Lyzer Probe Panels, Clontech Laboratories Inc., Palo
mutation was constant in a single population that had experience&lto, CA, USA).
colorectal cancer as both a high incidence and a low incidence
disease within the span of a single generation, and to pOSSinESULTS
determine whether the spectrum of mutations in the a&gene
had undergone significant alterations. To undertake this wé total of 68 colorectal adenocarcinomas were examined for muta-
analysed tumours harvested some 30-35 years ago in parallel withn of the c-Kiras proto-oncogene. Eighteen of these samples
tumours collected from contemporary patients. Results showedere archival paraffin sections obtained from formalin-treated,
that the mutation rates are significantly different between the twparaffin-embedded blocks of tumour biopsy samples collected
cohorts, and for the first time offering a potential link between thérom patients operated on between 1962 and 1966. The remaining
increase in the incidence of colorectal cancer seen in Singapos® samples were from patients operated on during the period
and a specific genetic change. 1992-1994 and kept as fresh, flash-frozen specimens, along with
their matched normal mucosa until required for analysis. No statis-
tically significant difference was found between the two cohorts
with respect to patient age, sex, race, tumour location and stage
(Table 2). All tumour samples were histologically confirmed to
contain at least 70% tumour cells.
Tumours analysed were from patients undergoing colonic resec- Genomic DNA was extracted from contemporary tumour
tion for colorectal adenocarcinoma either during the periodsamples in parallel with genomic DNA from matched normal
1962-1966 or during the period 1994-1996. Tumours from thenucosa of the same patient by standard methodologies (Khine et
contemporary period were collected along with matched normadl, 1994). Several methodologies were attempted for extraction of
mucosa from the same patient and stored atG-8@til analysed. genomic DNA by archival samples, with consistent results being
Tumours from the period 1962-1966 were obtained as several
contiguous 1Qum sections from paraffin blocks histologically
verified to contain colorectal adenocarcinoma.

|hsmatch-specific oligonucleotide hybridization

MATERIALS AND METHODS

Patients and tumours

Table 2 Clinical data for archival (1962—-1966) and contemporary
(1994-1996) colorectal adenocarcinoma samples

DNA preparation, PCR and DNA sequencing COnggzrsary 2;:';/'2'3 Significance

Genomic DNA was extracted from tumour samples containing ¢ y

least 70% neoplastic cells, as assessed histochemically, along w ,4e 33 13

genomic DNA from matched normal mucosa from the sam: Female 17 5 NS (P=0.62)

patient as described previously (Khine et al, 1994). Genomic DNAge

was prepared from archival paraffin sections using the Prep-# Mean (xSD) 624+14.9 56.5211.6  NS(P=013)

Gene (BioRad, Hercules, CA, USA) protocol of Wang et al (1994}L0§;?3ne 2591 35-76

A 176-bp fragment of exon 1 of the c-kKds gene was amplified Proximal 16 5

from all DNA samples using custom synthesized oligonucleotide Distal 34 13 NS (P=0.73)

5'-CATGTTCTAATATAGTCACA-3' (forward); and 5AACAA- Stage

GAATTACCTCTATTG-3 (reverse) essentially as described g 1; 1(2) NS (P=0.14)

previously (Elnatan et al, 1996; Smith et al, 1996). Polymeras o8 6 '

chain reactions (PCR) were as previously described (Elnatan et Race

1996; Smith et al, 1996), with the modification that to equalize ghti]nese 42 lg NS (P=0.61)
thers

yields of amplicon from the two source of starting material,
archival samples were subjected to 40 cycles while fresh, flas
frozen materials (tumour and mucosa) were subjected to 30 CkaThe two cohorts are not significantly different in composition with respect to
. - sex (Fisher’s exact test), age (ANOVA), tumour location (Fisher’s exact test),
For DNA sequencing t_he PCR _prOdUCts were punfle_d b)race (Fisher’s exact test) and stage (x? test). Tumours are staged as (A)
agarose gel electrophoresis and excised from the gel matriX afiymour within intestinal wall; (B) tumour extends beyond serosa, no lymph

which templates were purified using the Qiaex PCR Purificatiomnode involvement and (C) lymph node metastasis. NS, not significant.
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Figure 1 Representative c-Ki-ras mismatch-specific oligonucleotide
hybridization analysis of seven archival (> 30 years) colorectal M
adenocarcinoma specimens. Shown here are results for probes for Gly12 Aspl2
and Gly13 (wild-type sequences). All other probes were negative T L3 L]

Figure 2 Representative c-Ki-ras mismatch-specific oligonucleotide
hybridization analysis of 12 contemporary colorectal adenocarcinoma

. specimens (bottom row: T) together with their normal matched mucosa
obtained by the Prep-A-Gene methodology of Wang et al (199‘harvested from the same patient (top row: M). Results are shown for Gly12

data not shown). Exon 1 of the c-Kis gene was amplified by and Gly13 (wild-type sequences), as well as for Val12 and Asp12 (mutated
PCR, and samples dotted onto nylon support membranes. Jcodons). All other probes were negative in these samples
samples were analysed for mutations occurring in codon 12 and ..
of c-Ki-ras by mismatch-specific oligonucleotide hybridization
(Verlaan de Vries et al, 1986). Control hybridizations for bothsequencer. Sequencing analysis confirmed the identity of the
codon 12 and 13 wild-type sequences were also carried optroduct as being exon 1 of the c-igis gene (Figure 3).
(Figures 1 and 2).

SlXFeen mutants were detected in 14 samples (two tumourBISCUSSION
contained two mutant codons) from the contemporary cohort.
Hence 28% of samples were mutated (14/50) and 8% (16/200) & this study we have reported a statistically different rate of c-Ki-
codons. Ninety-three per cent (15/16) of the mutations occurred iras mutation in samples of colorectal adenocarcinomas harvested
codon 12 and 7% (1/16) in codon 13 (Figure 2). Both the30-35 years ago to the rate of mutation detected in contemporary
frequency of the c-Kras mutation and the distribution of mutants samples. Indeed, we were unable to detect any cases afas-Ki-
(Table 3) were consistent with our previously published results omutation in the archival samples. This result was somewhat
c-Ki-ras gene mutations in the local Singaporean populatiorsurprising. The c-Kras proto-oncogene is currently found
(Elnatan et al, 1996). mutated in 20—40% of colorectal adenocarcinomas, dependent

In contrast, archival samples from 1962 to 1966 showed napon factors including the age and sex of the patient as well as the
evidence of mutation in any sample, a rate statistically differenocation of the tumour (Breivik et al, 1994; Elnatan et al, 1996),
from that found in the contemporary cohort both with respect t@nd c-Kiras activation is believed to play a significant role in
the number of tumours bearingas mutations (Samples tumorigenesis, possibly being involved in the transition from
1992-1994: 28% [14/50]; Samples 1962-1966 0% [0/P8% adenoma to carcinoma (Fearon and Vogelstein, 1990; Fearon anc
0.007, Fisher’s exact test) and to the number of codons (cododsnes, 1992). Our own data have shown a significant association
1992-1994: 8% [16/200]; codons 1962-1996 0% [O/R}: between c-Kiras activation and tumour progression in tumours
0.008, Fisher’s exact test). Probes for wild-type codon 12 and 18riginating on the left of the colorectum and an association with a
both gave normal level signals (Figure 2). To further confirm theoorer prognosis (Elnatan et al, 1996).
identity of the PCR product from the archival samples, samples However, recently several lines of evidence have suggested that
were also analysed by DNA sequencing using an automated DN#@as activation may not be causally involved in tumour progression.
In particular the findings thatas activation can be detected in
phenotypically normal tissues (Keohavong et al, 1997; Zhu et al,
1997), and in small non-dysplastic lesions of low tumorigenic
Established local Present cohort  Present cohort potential (Jen et al, 1994) as well as the observation that activated

rates* (contemporary) (archival) rasgenes are present in tumour cells at levels approximately 100-

fold less than that required to induce transformation in cell lines

Table 3 Distribution of c-Ki-ras mutants

C;pg ;Zﬁ Ei;‘gig; 1322 ggg; 822 Egﬁgi (Hua et al, 1997). These findings, coupled with those that show
Cysi2 506 (10/210) 29% (L/50) 0% (0/18) thatras activation is actually higher in aberrant crypt foci (Otori et
Ser12 2% (4/210) 2% (1/50) 0% (0/18) al, 1995; Yamashita et al, 1985199%) — the purported precursor
Ala12 1.5% (3/210) 2% (1/50) 0% (0/18) to adenomas — than in developed adenocarcinomas suggeasthat
észig 1222 g/léié;’) SZ//Z E(l)gg; 822 Egﬁg; activation may simply reflect the mutational burden of a tumour,
Tgtal 30% (62/210) 32% (16/50) 0% (0/18) rather that being specifically involved in the tumorigenic process.

We have previously shown that both p53 point mutation (Goh et
The specific c-Ki-ras mutants in the present cohorts are listed, alongside a_l’ ]j9.95) and C_K_ras pOII.’l'[ mutation (El_natan et al, _19_96) are

previously established c-Ki-ras data for colorectal adenocarcinomas from significantly associated with a poorer patient prognosis in tumours
Singapore (*Elnatan et al, 1996). originating in tumours on the left of the colorectum. Perhaps more
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