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Activation of the ras genes in malignant
and premalignant colorectal tumors
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Abstract. The activation of ras genes has been established as
one of the steps in the process of colon tumorigenesis. These
genes are converted into active oncogenes by point mutations
in codons 12, 13, and 61, although a more complex way has
also been shown, through alteration of gene expression. In
order to investigate the spectrum of ras gene mutations, we
examined 78 colorectal polypoid adenomas and 76 primary
colorectal adenocarcinomas for codon 12 point mutations in
K-, H- and N-ras, using a PCR-RFLP assay. K-ras mutations
were found in 42.3% (33/78) of adenomas and in 36.8%
(28/76) of carcinomas. Statistically significant association
(p=0.043) was found between the frequency of K-ras
mutations in mixed adenomas larger than 2 cm, compared
to smaller mixed adenomas. On the other hand, adeno-
carcinomas harbored more frequently mutations, when
indicating development from adenoma (p=0.016), in higher
grade of differentiation (p=0.001) and in females with tumor
located proximal to the rectosigmoid (p=0.013). No mutations
were found in H-ras. The incidence of N-ras mutations was
1.3% in adenomas and adenocarcinomas (1/78 and 1/76
respectively). Based on our results, we propose the possibility
that K-ras-dependent tumor development results in the
formation of less aggressive neoplasms, than the process of
K-ras-independent carcinogenesis. Our findings and other
previous reports indicate that K-ras mutations might be a
secondary stress-effect from extrinsic or intrinsic stimulatory
factors and that these mutations are not necessarily involved
in the malignant transformation of the cell.

Introduction

Tumorigenesis in colon is considered to be a result of the
accumulation of multiple genetic alterations in several genes
(APC, K-ras, p53, DCC, MCC) in a single cell (1,2). Point
mutations in genes of the ras family, mainly in codons 12,
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13, and 61, are considered to be the activating mechanism for
these oncogenes (3), detected in a variety of human neoplasms
(4). This activation might also occur through different path-
ways, e.g. via the alteration of the expression of the genes (5).
Activation of ras in colorectal tumorigenesis appears to be an
early event (6,7). Mutations of ras genes occur frequently in
adenomas, which are some of the most common precancerous
lesions in carcinogenesis of the large intestine. There are also
reports on the presence of K-ras mutations in Crohn's disease
and ulcerative colitis at a significant frequency, suggesting a
possible role of these aberrations in the development of neo-
plasia (8). Widely varying rates (25-75%) of K-ras mutations
in colorectal adenomas and sporadic colon carcinomas have
been reported (9-12). These differences may be due to the
selection methods of the sampling, different methods of
mutational analysis, and/or geographic or ethnic differences
(6,12-16). The exact activating mechanisms of ras genes in
human are not yet known. However, colonic bacteria, dietary
factors, and bile composition have been reported to relate
with colorectal cancer (17-20).

The aim of our study was to investigate the incidence of
K-, H- and N-ras mutations in precancerous lesions such as
polypoid adenomas, and cancerous samples such as primary
colorectal adenocarcinomas, to determine the frequency of
ras activation in a Greek population and to correlate the
results with clinicopathological parameters. K-ras mutations
were more frequent in mixed adenomas larger than 2 cm.
Adenocarcinomas carried more frequently mutations when
indicating development from adenoma, in females with tumor
located proximal to the rectosigmoid, and in higher grade of
differentiation.

Materials and methods

Paraffin-embedded tissues from adenomas and adeno-
carcinomas were obtained from the archives of the Pathology
Department of the Amalia Fleming Hospital of Athens, Greece.
Seventy-eight polypoid adenomas from 73 patients (a pair of
adenomas from 5 patients were available) and 76 sporadic
colorectal adenocarcinomas from 75 patients (one patient
had 2 different primary foci of cancer) were examined. All
adenomas were endoscopically resected, while carcinomas
were resected surgically in the period 1991-94. The age range
of adenoma group patients was 34-83 years (mean=64.8),
and in the adenocarcinoma group 29-87 years (mean=63.9).
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The male:female ratio was 47:30 for the adenoma-group (in
one case the gender was unknown) and 44:32 for the
adenocarcinoma-group.

Five to ten serial sections (5-10 pm), were cut from each
sample, washing the microtome blades with xylene after each
block, to avoid contamination of DNA from different samples.

DNA extraction. For DNA extraction, samples were incubated
with digestion buffer (containing: 100 mM NaCl, 10 mM
Tris-Cl, 25 mM EDTA, 0.5% SDS pH 8.0, 0.1 mg/ml
proteinase K), for 2 days at 60°C, followed by 5 days at 37°C.
Fresh proteinase K was added every 12 h. After the digestion
period, sequential steps of phenol-chloroform were used to
inactivate the proteinase K and the DNA was precipitated
with ethanol and diluted in ddH,0.

PCR amplification. Primers used to amplify codon 12 of H-,
K- and N-ras were those described previously (21,22). PCR
analysis was performed in a 50 pl reaction volume containing
200 ng of genomic DNA, 1 pM of each primer, 200 uM
dNTPs, 5 pl of 10x buffer [670 mM Tris-HCI, pH 8.5; 166 mM
ammonium sulfate; 67 mM magnesium chloride; 1.7 mg/ml
BSA; 100 uM B-mercaptoethanol and 1% (w/v) Triton X-100]
and 1.25 U of Tag DNA polymerase (Gibco BRL). The
reactions were denatured for 5 min at 95°C and the DNA
was subsequently amplified for 35 cycles at 95°C for 55 sec,
54-62°C (depending on the primers) for 35-45 sec and 72°C
for 45 sec each step.

RFLP analysis. K-ras and N-ras: 10-40 ul aliquots of the
amplification products were digested with 30 U of BstNI at
60°C, overnight. H-ras: 10-40 pl aliquots of the amplification
products were digested with 30 U of Mspl at 37°C, overnight.
Ten pl of the PCR product was electrophoresed in an 8%
polyacrylamide gel and silver stained. All the experiments
were repeated at least twice and the results were highly
reproducible.

Statistical analysis. To interpret the data Fisher's exact test, or
x* test were used, depending on the sample size. In few cases
some clinical or histopathological data were not available.

Results

The incidence of point mutations for K-, H- and N-ras in
colorectal adenomas was 42.3% (33/78), 0% (0/78) and 1.3%
(1/78) respectively. Representative results for K-ras and
N-ras mutations using the PCR-RFLP method, described in
Materials and methods, are shown in Figs. 1 and 2 respectively.
The clinical and histopathological data pertinent to the
adenomas were: sex, age, location of the tumor, size, grade
of dysplasia, histological type, foci of in situ carcinoma and
presence or absence of a stalk. K-ras mutations were
statistically significantly more frequent in mixed adenomas
larger than 2 cm, than in smaller mixed adenomas (p=0.043)
(Table I). Trends in the incidence of K-ras mutations, were
shown also for: a) persons older than 64 years (50%), in
comparison with younger persons (34%), b) villous and
mixed adenomas (50%), in comparison with tubular adenomas
(31%), c) high grade of dysplasia (52%), compared with low
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Figure 1. Representative results from K-ras analysis from colorectal adenomas.
PCR-RFLP analysis revealed two mutant samples in lanes 4 and 5 and normal
samples in lanes 3, 6, 7. Lanes 1 and 9, undigested PCR product (157 bp);
lanes 2 and 8, digested PCR product from pK12m (homozygously mutated
in K-ras in codon 12). mut, mutant; wt, wild-type.
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Figure 2. Representative results from N-ras analysis from colorectal adenomas.
PCR-RFLP analysis revealed a mutant sample in lane 2 and normal samples
in lanes 3-6. Lane 1, undigested PCR product. mut, mutant; wt, wild-type.

Table I. Adenomas: the presence of K-ras mutations
compared to histological type and size of adenomas.

Type and size K-ras K-ras % of patients p-value
of the adenomas positive negative  with ras
samples samples  mutation
Mixed >2 cm 6 1 86
Mixed <2 cm 13 17 43 0.043

grade (36.5%) and d) adenomas with foci of in situ carcinoma
(66.5%), in comparison with in situ carcinoma-negative
adenomas (40%). In 5 cases, two separate adenomas were
available for examination from each patient. Of these, 3 cases
were negative for K-ras mutations, while the other two,
both adenomas, were found to carry K-ras codon 12 point
mutations.

The incidence of K-, H- and N-ras codon 12 point
mutations in colorectal adenocarcinomas, was 36.8% (28/76),
0% (0/76) and 1.3% (1/76) respectively. Data pertinent to
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Table II. Adenocarcinomas: correlations between the presence of K-ras and grade of differentiation, location of tumor in

females and elements indicating an adenoma-derived tumor.

Clinical or K-ras positive K-ras negative % of patients with p-value
histopathological parameters samples samples ras mutation
Female-rectosigmoid 14 18

Female rest of the colon 9 6 60 0.013
High differentiation | 89

Moderate and low differentiation 20 47 30 0.001
Tumors with adenoma elements 10 6 63

Tumors without adenoma elements 18 42 30 0.016

colorectal adenocarcinomas were: sex, age, Dukes' stage,
grade of differentiation, mucous production, necrosis in tumor
mass, tumor location and elements indicating development
from adenoma. K-ras mutations were significantly more
frequent in (Table II): a) high grade of differentiation in
comparison with moderate and low grade (p=0.001), b)
carcinomas with elements indicating a development from
adenoma, in comparison with carcinomas with no such
elements (p=0.016) and c) females who had the tumor located
proximal to the rectosigmoid, compared to rectosigmoid
location (p=0.013). Although not statistically significant K-ras
mutations were more frequent in: a) ages below 50 years
(71.4%), compared to older persons (34.4%), b) tumors located
at the rest of the colon (46.8%), compared to those of recto-
sigmoid (29.5%) and c) carcinomas with no foci of necrosis
in tumor mass (42.8%), compared to those with necrosis
(29.5%). One patient had two primary adenocarcinomas in
the large intestine, both carried K-ras mutations.

Discussion

Ras mutations have been implicated in tumorigenesis,
especially in carcinogenesis of the large bowel. Elevated
expression of ras oncogenes has been reported in polyps and
malignant tumors of the large bowel (23). A model has been
proposed to explain the adenoma-carcinoma sequence in
colorectum (1). Other investigators propose different, ras-
independent pathways, for some colorectal carcinomas
(14,24,25).

In the present study, we detected K-ras codon 12 point
mutations in 42% (33/78) of adenomas and 36.8% (28/76) of
adenocarcinomas. No H-ras mutation was detected, while
N-ras mutations were found in only 1.3% of adenomas and
adenocarcinomas (1/78 and 1/76 respectively). The observed
difference in the K-ras mutation frequency in our study, can
be attributed to genetic and environmental factors. Differences
in ethnic origin may determine a diverse sensitivity to certain
carcinogens. In addition, the environmental background and
diet of the studied population is rather different from that
of Northern Europe or America. The heterogeneity of the
distribution of K-ras mutations in adenomas and adeno-
carcinomas might also lower the rates of mutations detected
(11,14,26).

Our results show that K-ras mutations are more frequent
in females with adenocarcinomas proximal to the recto-
sigmoid (p=0.013), compared to rectosigmoid location. Many
environmental and intrinsic factors have been implicated in
colorectal tumorigenesis. Dietary factors such as consumption
of animal fat (18) and meat (27) are associated with high risk
of developing colorectal cancer, while others (fiber, vitamins)
are associated with low risk. Considering the fact that bile
acids are reabsorbed in the proximal colon and have been
implicated in tumorigenesis through bacterial action (17) and
that constipation has a higher prevalence in females than in
males (28), it could be of interest to correlate these events
with the higher incidence of mutations we have found in
females who had the tumor located in the proximal colon.

The hypothesis that other precursor genetic alterations,
such as damaged mismatch repair genes, have been implicated
in hereditary types of colorectal cancer (29) could help to
interpret the higher incidence of K-ras mutations we found in
carcinomas from patients aged less than 50 years; an age range
where patients are usually suspect for a hereditary back-
ground.

In our findings K-ras mutations are more frequent in mixed
adenomas larger than 2 cm. This is consistent with reports
suggesting that malignant transformation in these types of
adenomas is over 45% (30).

We showed that K-ras mutations are less frequent in mild
and moderate grade of differentiation of carcinomas, which
are considered more aggressive. Similar findings come from
our studies in carcinomas with foci of necrosis, which show
a more extensive growth range. Moreover K-ras mutations
are less frequent in carcinomas which have no indication of
adenoma elements, and this might be due to a fast tumor
development and destruction of the adenoma elements. All
the above suggest that K-ras-dependent tumor development
results in the formation of less aggressive neoplasms, than the
process of K-ras-independent carcinogenesis. This concept is
consistent with reports which associate K-ras mutations with
longer survival (31). K-ras mutations have also been found in
hyperplastic polyps in high frequency (47%) (32), which are
not considered precancerous lesions. In addition, mutations
have been found in adenomas containing foci of in situ
carcinoma, but only in the adenoma region and not in the
carcinoma region (33). The above findings imply two
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possibilities: a) that occasionally other genetic pathways,
different from the known adenoma-carcinoma sequence lead
to carcinogenesis in the colorectum and b) that ras mutations
might be a secondary event, possibly caused by extrinsic or
intrinsic stimulatory (and not necessarily carcinogenic)
factors, or as a result of other changes in DNA and it is not
necessarily involved in the malignant transformation of the
cell.

Acknowledgements

We would like to thank Dr T. Liloglou for his critical reading
of the manuscript.

References

I

Fearon ER and Vogelstein B: A genetic model for colorectal
tumorigenesis. Cell 61: 759-767, 1990.

. Cho KR and Vogelstein B: Genetic alterations in the adenoma-

carcinoma sequence. Cancer 70 (Suppl): 1727-1731, 1992.

. Spandidos DA (ed.): Ras oncogenes. Plenum Press, New York,

London, pp1-323, 1989.

. Kiaris H and Spandidos DA: Mutations of ras genes in human

tumors. Int J Oncol 7: 413-421, 1995.

. Kotsinas A, Spandidos DA, Romanowski P and Wyllie AH:

Relative expression of wild-type and activated Ki-ras2 oncogene
in colorectal carcinomas. Int J Oncol 3: 841-845, 1993.

. McLellan EA, Owen RA, Stepniewska KA, Sheffield JP and

Lemoine NR: High frequency of K-ras mutations in sporadic
colorectal adenomas. Gut 34: 392-396, 1993.

. Norheim AS, Breivik J, Lovig T, Meling GI, Gaudernack G,

Clausen OP, Schjolberg A, Fausa O, Langmark F, Lund E and
Rognum TO: K-ras mutations and HLA-DR expression in large
bowel adenomas. Br J Cancer 74: 99-108, 1996.

. Spandidos DA, Kiaris H, Lioudaki E and Manousos ON:

Activating mutations in K-ras gene in ulcerative colitis and
Crohn's disease. Oncol Rep 1: 547-549, 1994.

. Burmer GC and Loeb LA: Mutations in KRAS2 oncogene

during progressive states of human colon carcinoma. Proc Natl
Acad Sci USA 86: 2403-2407, 1989.

. Nusko G, Sachse R, Mansmann U, Wittekind C and Hahn EG:

K-RAS-2 gene mutations as predictors of metachronous colorectal
adenomas. Scand J Gastroenterol 32: 1035-1041, 1997.

. Saraga E, Bautista D, Dorta G, Chaubert P, Martin P, Sorbat B,

Protiva P, Blum A, Bosman F and Benhattar J: Genetic hetero-
geneity in sporadic colorectal adenomas. J Pathol 181: 281-286,
1997.

. Lin SY, Chen PH, Yang MJ, Che TC, Chang CP and Chang JG:

Ras oncogene and p53 gene hot spot mutations in colorectal
cancers. J Gastroenterol Hepatol 10: 119-124, 1995.

. Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC,

Leppert M, Nakamura Y, White R, Smits AMM and Bos JL:
Genetic alteration during colorectal-tumor development. N Engl
J Med 319: 525-532, 1988.

. Yamagata S, Muto T, Uchida Y, Masaki T, Sawada T, Tsuno N

and Hirooka T: Lower incidence of K-ras codon 12 mutation in
flat colorectal adenomas than in polypoid adenomas. Jpn J Cancer
Res 85: 147-151, 1994.

. Ranaldi R, Gioacchini AM, Manzin A, Clementi M, Paolucci M

and Bearzi I. Adenoma-carcinoma sequence of colorectum.
Prevalence of K-ras gene mutation in adenomas with increasing
degree of dysplasia and aneuploidy. Diagn Mol Pathol 4: 198-202,
1995.

16.

17.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
31.

32.

33.

GLARAKIS ef al: Ras GENES IN COLON TUMORS

Urosevic N, Krtolica K, Skaro-Milic A, Knezevic-Usaj S and
Dujic A: Prevalence of G-to-T transversions among K-ras onco-
gene mutations in human colorectal tumors in Yugoslavia. Int J
Cancer 54: 249-254, 1993.

Hill MJ, Drasar BS, Williams RE, Meade TW, Cox AG,
Simpson JE and Morson BC: Feacal bile-acids and clostridia
in patients with cancer of the large bowel. Lancet 1: 535-538,
1975.

. Manousos O, Day NE, Trichopoulos D, Gerovassilis F, Tzonou A

and Polychronopoulou A: Diet and colorectal cancer: a case
control study in Greece. Int J Cancer 32: 1-5, 1983.

.Reddy BS, Engel A, Simi B and Goldman M: Effect of

dietary fiber on colonic bacterial enzymes and bile acids in
relation to colon cancer. Gastroenterology 102: 1475-1482,
1992.

McMichael AJ and Potter JD: Host factors in carcinogenesis:
certain bile-acid metabolic profiles that selectively increase the
risk of proximal colon cancer. J Natl Cancer Inst 75: 185-191,
1985.

Jiang W, Kahn SM, Guillem JG, Lu SH and Weinstein IB:
Rapid detection of ras oncogenes in human tumors: applications
to colon, esophageal, and gastric cancer. Oncogene 4: 923-928,
1989.

Spandidos DA, Glarakis IS, Kotsinas A, Ergazaki M and Kiaris H:
Ras oncogene activation in benign and malignant colorectal
cancer. Tumori 81 (Suppl): 7-11, 1995.

Spandidos DA and Kerr IB: Elevated expression of human ras
oncogene family in premalignant and malignant tumours of the
colorectum. Br J Cancer 49: 681-688, 1984.

Yamagata S, Muto T, Uchida Y, Masaki T, Higuchi Y, Sawada T
and Hirooka T: Polypoid growth and K-ras codon 12 mutation
in colorectal cancer. Cancer 75: 953-957, 1995.

Fujimori T, Satonaka K, Yamamura-Ihel Y, Nagasako K and
Maeda S: Non-involvement of ras mutations in flat colorectal
adenomas and adenocarcinomas. Int J Cancer 54: 51-55,
1994.

Shibata D, Schaeffer J, Li ZH, Capella G and Perucho M: Genetic
heterogeneity of the c-K-ras locus in colorectal adenomas but
not in adenocarcinomas. J Natl Cancer Inst 85: 1058-1063,
1993.

Willett WC, Stampfer MJ, Colditz GA, Rosner BA and
Speizer FE: Relation of meat, fat and fiber intake to the risk of
colon cancer in a prospective study among women. N Engl J
Med 323: 1664-1672, 1990.

Lampe JW, Fredstrom SB, Slavin JL and Potter JD: Sex
differences in colonic function: a randomized trial. Gut 34:
531-536, 1993.

Miyaki M, Seki M, Okamoto M, Yamanata A, Maeda Y,
Tanaka K, Kikuchi R, Iwama T, Ikeuchi T, Tonomura A,
Nakamura Y, White R, Miki Y, Utsunomiya J and Koike M:
Genetic changes and histological types in colorectal tumors
from patients with familial adenomatous polyposis. Cancer Res
50: 7166-7173, 1990.

Morson BC: The polyp-cancer sequence in the large bowel.
Proc R Sos Med 67: 451-457, 1974.

Halter SA, Webb L and Rose J: Lack of ras mutations and
prediction of long-term survival in carcinoma of the colon. Mod
Pathol 5: 131-134, 1992.

Otori K, Oda Y, Sugiyama K, Hasebe T, Mukai K, Fujii T,
Tajiri H, Yoshiba S, Fukushima S and Esumi H: High frequency
of K-ras mutations in human colorectal hyperplastic polyps. Gut
40: 660-663, 1997.

Ohnishi T, Tomita N, Monden T, Ohue M, Yana I, Takami K,
Yamamoto H, Yagyu T, Kikkawa N, Shimano T and Monden M:
A detailed analysis of the role of K-ras gene mutation in the
progression of colorectal adenoma. Br J Cancer 75: 341-347,
1997.



