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Letter to the Editor

KRAS transitions and villous growth in colorectal adenomas

To the Editor:

Colorectal cancer (CRC) is the second most com-
mon malignancy in the western world with a lifetime
risk in the general population of about 5%. The genesis
of CRC and its progression, mainly from pre-existing
sporadic adenomas, are caused by somatic mutations
of several genes including APC, KRAS, SMAD4, TP53,
and β-catenin, by epigenetic events leading to gene ac-
tivation and silencing, and by a large number of chro-
mosomal aberrations leading to gene inactivation, am-
plification, and to more subtle gene dosage changes [7,
8,10,16,20].

The KRAS gene, in particular, one of the oldest
oncogenes, is apparently having a second youth. The
role of KRAS in the genesis and progression of CRC
has been recently focused in a series of reviews linking
the constitutive activation of this oncogene with a com-
plex network of interactions leading to cell survival,
apoptosis, angiogenesis, invasion and metastasis [17,
25,34]. An additional link of RAS mutations and chro-
mosomal aberrations, a bona fide consequence of chro-
mosomal instability (CIN), was suggested by a large
series of in vitro and in vivo studies and during the hu-
man colorectal adenoma to carcinoma transition [5].

Though the mechanisms linking genetic and epige-
netic events with CIN still remains unclear, it is com-
monly thought that CIN and aneuploidy represent early
key genomic events in the genesis and progression of
CRC and of other tumor types [4,8,9,16,21,24,26–30,
35–37].

Specific KRAS mutations induce different biologi-
cal consequences by affecting differently the structural
conformation and the function of the mutated protein
[1,2,22]. In particular, CRC patient disease free sur-
vival and overall survival were shown to depend on the
type of KRAS mutation [3,11]. In the latter study, in
particular, it was shown that KRAS G → C and G → T
transversions in CRC were related to a worse progno-
sis than G → A transitions. These findings are in gen-
eral agreement with the literature data with a few ex-
ceptions [3,5].

An observation, however, that so far remained un-
explained, is that KRAS G → A transitions in colorec-
tal cancerized adenomas [16] and in adenocarcinomas
[15] are more frequent than G → C/T transversions
while in the precursor adenomas their incidences are
about equal. More precisely, while KRAS G → C/T
transversions range between 10 and 15% during the en-
tire adenoma-carcinoma sequence, the G → A transi-
tions frequency raises from about 10% in the adenomas
to above 30% in the carcinomas.

The present study indicates that KRAS G → A tran-
sitions strongly orientate DNA diploid adenoma mor-
phogenesis toward the villous architecture, that in turn
is known to be a reliable predictor of higher risk of can-
cer and may justify the relative increase of KRAS G→
A transitions in CRC.

The study was conducted, after exclusion of serrated
polyps [39] or polyps with sectors of serrated morphol-
ogy, on 159 endoscopically removed and histologically
proven colorectal polypoid adenomas (size range: 5–
80 mm; median 15 mm). The patients were 137 (60%
men and 40% women aged 33–86; median 65 years)
with a negative family history for colorectal neopla-
sia. Twenty-seven percent of adenomas were located
in the proximal colon, 73% in the distal colon. Polyps
were divided in two parts by a central mid-sagittal sec-
tion. One part was fixed in 10% buffered formalin, em-
bedded in paraffin and stained with H&E and Feulgen
stain. The other part was immediately frozen in liq-
uid nitrogen to provide multiple samples for DNA flow
cytometry-sorting and KRAS analysis using a H&E
stained cryostat section as a histotopographic refer-
ence.

In accordance with WHO criteria [18], tubular ade-
nomas were composed of branching neoplastic tubules
in at least 80% of the tumour and villous adenomas
were composed of leaf- or finger-like processes in at
least 80% of the tumor; in tubulo-villous adenomas
tubular and villous structures contributed to more than
20% of the tumour. Dysplasia was graded into low and
high grade; the diagnostic grade was based on the most
severely dysplastic area, independently on its exten-
sion.
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DNA content flow cytometry was done with use
of suspensions of nuclei stained with 4,6-diamidino-
2-phenylindole-2-hydrochloride (DAPI, Sigma Chem-
ical Co., St. Louis, MO). Four parameters were evalu-
ated: nuclear DAPI fluorescence, proportional to DNA
content, forward and perpendicular nuclear scatter sig-
nals, which reflect nuclear size and internal structure
and proved to be useful to separate inflammatory from
epithelial nuclei and DNA Index values (DI = 1 for
diploidy and DI �= 1 for aneuploidy) [12]. Sorting of
nuclei, based on DNA and scatter, allowed to enrich
for epithelial DNA diploid nuclei and to provide al-
most pure populations of epithelial nuclei among the
DNA aneuploid subpopulations. Multiple aliquots of
about 20,000 sorted nuclei were used for extraction of
high molecular genomic DNA according to standard
methods [32]. Specific DNA amplification by poly-
merase chain reaction was done to perform the analy-
sis of KRAS mutations using an oligonucleotide 20-
mers panel (TIB MOLBIOL, Advanced Biotechnology
Center, Genoa, Italy), as previously described in details
[13].

Data analysis was generated using SAS software
(Copyright, SAS Institute Inc., Cary, NC, USA). Fisher
exact test (in 2 × 2 tables) and Pearson’s chi-square
(in larger contingency tables) were used to evaluate
the statistical significance of the relationships between
two parameters. Cochran–Armitage Test for Trend was
used to evaluate trends in contingency tables. Statisti-
cal tests were calculated two sided, and p-values <0.05
were considered statistically significant.

In the following we report the 2 contingency tables
crossing the KRAS status of human sporadic colorec-
tal adenomas (subdivided in wild type, G → A transi-
tions and G → C/T transversions) with the DNA In-
dex (DI) (in 116 cases) and with the adenoma architec-
ture (categorized as tubular, tubulo-villous and villous)
(in 159 cases). Both show highly statistically signifi-
cant relationships among the investigated parameters
(respectively P = 0.004 and P < 0.0005). While the
G → C/T transversions were positively associated with
DNA aneuploidy (P = 0.003 Fisher exact test), G →
A transitions were associated with a dominant villous
component (>80%) (P = 0.001 Fisher exact test) and
prevalently occurred in DNA diploid adenomas. The
DNA aneuploidy incidences in G → C/T and G → A
mutated adenomas were respectively 61.5% and 18.8%
while the KRAS wild type adenomas were aneuploid in
20% of the cases. Villous growth incidences among wt,
G → C/T and G → A mutated adenomas were 37.5,
12.5 and 50%. When taking together wt and G → C/T

cases in a 2 × 3 table, the frequencies of G → A tran-
sitions in tubular, tubulo-villous and villous adenomas
were respectively 8, 19 and 50% (P = 0.0002, test for
trend).

Moreover, within the subgroup of 88 DNA diploid
adenomas in the present series, a dominant villous
component was present in 5/75 cases (7%) with wild
type KRAS and G → C/T transversions versus 6/13
cases (46%) with KRAS G → A transitions (P = 0.002
Fisher exact test).

It is well established that risk of cancerization pro-
gressively increases in large adenomas with respect
to the small ones, and that adenomas with extensive
villous architecture have a higher malignant potential
than tubular adenomas (40% vs 5%) [23,40]. Con-
flicting results were also reported though disagreement
could be partly ascribed to insufficient standardization
and low reproducibility of histologic criteria guiding
grading of dysplasia and evaluation of the histological
type [38].

Little is known about the morphogenetic steps lead-
ing to the villous growth pattern in colorectal adeno-
mas. BRAF and KRAS were already reported to be as-
sociated with villous morphology [41]. It is unlikely,
however, that a single molecular event triggers and sus-
tains the development of villi. For example, also so-
matic APC gene somatic mutations and villous type
were shown to be associated [6].

In this scenario, our study provides a new refined
analysis and suggests that not all KRAS mutations but
mainly the KRAS G → A transitions are among the
early events that are likely to confer to sporadic DNA
diploid adenomas an increase risk of tumor progres-
sion through villous component expansion.

In the present series of cases, grade of dyspla-
sia (even if strictly evaluated in terms of extension
throughout the polyp) was independent from the type
of growth and architecture and from the KRAS mu-
tation spectrum. Similarly, size and KRAS status, that
were addressed in previous studies [33], were found to
be independent.

In a subnumber of 69 unselected cases of the present
series, we preliminarily observed a statistically signif-
icant association (P = 0.02) of KRAS G → A tran-
sitions with an increased frequency of apoptosis ac-
cording to the morphologic criteria of Leuchtenberger
[31] which was not seen when we evaluated apopto-
sis according to the criteria of Kerr [19]. This observa-
tion will be further investigated with the aim to test if
KRAS G → A transitions may lead to an imbalance of
proliferation and apoptosis which accompanies villous
growth.
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Table 1

KRAS status DNA status Total Histologic (architectural) subtype Total

Diploid Aneuploid Tubular Tubulo- Villous

DI = 0 DI �= 0 villous

wt 70 17 (20%) 87 78 30 6 (37.5%) 114

G → C/T 5 8 (62%) 13 9 9 2 (12.5%) 20

G → A 13 3 (19%) 16 8 (8%) 9 (19%) 8 (50%) 25

Total 88 28 116 95 48 16 159

In conclusion, the present data indicate that differ-
ent types of KRAS mutations are linked with different
types of progression and morphogenesis of colorectal
polypoid adenomas. Whilst KRAS G → C/T transver-
sion mutations appear early events related to a type
of evolution associated with CIN and aneuploidy [5,
13,14], G → A transitions, mainly present in DNA
diploid adenomas, appear linked with the expansion
of a villous architecture of growth. The link of this
type of growth with increased malignant potential and
with KRAS G → A transitions appears to explain the
observed selection of this type of KRAS mutations in
CRC.

Mauro Risioa, Davide Malacarneb and
Walter Giarettib,∗

aDepartment of Pathology,
IRCC, Institute for Cancer Research and Treatment,

Candiolo, Turin, Italy

bDepartment of Diagnostic Technologies,
Lab. Biophysics-Cytometry,

IST, National Institute for Cancer Research,
Genoa, Italy

Acknowledgements

This work was supported by grants to W.G. on
CRC genesis and progression of “S.Paolo Oncology
Program”, “Regione Sicilia”, and “Ministero della
Salute”.

References

[1] F. Al-Mulla and E.M. MacKenzie, Differences in in vitro inva-
sive capacity induced by differences in Ki-Ras protein muta-
tions, J. Pathol. 195 (2001), 549–556.

*Corresponding author. Fax: +39 010 5600711; E-mail:walter.
giaretti@istge.it.

[2] F. Al-Mulla, E.J. Milner-White, J.J. Going and G.D. Birnie,
Structural differences between valine-12 and aspartate-12 Ras
proteins may modify carcinoma aggression, J. Pathol. 187
(1999), 433–438.

[3] H.J. Andreyev, A.R. Norman, D. Cunningham, J. Oates, B.R.
Dix, B.J. Iacopetta et al., Kirsten ras mutations in patients with
colorectal cancer: the ‘RASCAL II’ study, Br. J. Cancer 85
(2001), 692–696.

[4] G. Auer, U. Kronenwett, U. Roblick, B. Franzén, J. Haber-
mann, R. Sennerstam and T. Ried, Human breast adenocarci-
noma: DNA content, chromosomes, gene expression and prog-
nosis, Cell. Oncol. 26 (2004), 171–174.

[5] P. Castagnola, W. Giaretti, Mutant KRAS, chromosomal in-
stability and prognosis in colorectal cancer, BBA-Rev. Cancer
(2005) [Epub ahead of print].

[6] L. De Benedetti, S. Sciallero, V. Gismondi, R. James, A.
Bafico, R. Biticchi et al., Association of APC gene mutations
and histological characteristics of colorectal adenomas, Cancer
Res. 54 (1994), 3553–3556.

[7] S. Derks, M.H. Lentjes, D.M. Hellebrekers, A.P. de Bruine,
J.G. Herman, M. van Engeland, Methylation-specific PCR un-
raveled, Cell. Oncol. 26 (2004) 291–299.

[8] E.J. Douglas, H. Fiegler, A. Rowan, S. Halford, D.C. Bicknell,
W. Bodmer et al., Array comparative genomic hybridization
analysis of colorectal cancer cell lines and primary carcinomas,
Cancer Res. 64 (2004), 4817–4825.

[9] P. Duesberg, R. Li, D. Rasnick, A. Fabarius and R. Hehlmann,
Carcinogenesis by aneuploidization, Cell. Oncol. 26 (2004),
181–186.

[10] E.R. Fearon and B. Vogelstein. A genetic model for colorectal
tumorigenesis, Cell 61 (1990), 759–767.

[11] E. Geido, A. Sciutto, A. Rubagotti, C. Oliani, R. Monaco, M.
Risio and W. Giaretti, Combined DNA flow cytometry and sort-
ing with k-ras2 mutation spectrum analysis and the progno-
sis of human sporadic colorectal cancer, Cytometry 50 (2002),
216–224.

[12] W. Giaretti, N. Pujic, A. Rapallo, S. Nigro, A. Di Vinci, E.
Geido and M. Risio, K-ras-2 G-C and G-T transversions corre-
late with DNA aneuploidy in colorectal adenomas, Gastroen-
terology 108 (1995), 1040–1047.

[13] W. Giaretti, A. Rapallo, E. Geido, A. Sciutto, F. Merlo, M.
Risio and F.P. Rossini, Specific K-ras2 mutations in human
sporadic colorectal adenomas are associated with DNA near-
diploid aneuploidy and inhibiytion of proliferation, Am. J. Path.
153 (1998), 1201–1209.



366 Letter to the Editor

[14] W. Giaretti, S. Molinu, J. Ceccarelli and C. Prevosto, Chro-
mosomal instability, aneuploidy, and gene mutations in human
sporadic colorectal adenomas, Cell. Oncol. 26 (2004), 301–
305.

[15] W. Giaretti and D. Malacarne, Chromosomal instability, aneu-
ploidy, and gene mutations in human sporadic colorectal ade-
nomas, Cell. Oncol. 27 (2005), 269–271.

[16] M. Hermsen, C. Postma, J. Baak, M. Weiss, A. Rapallo, A.
Sciutto et al., Colorectal adenoma to carcinoma progression
follows multiple pathways of chromosomal instability, Gas-
troenterology 123 (2002), 1109–1119.

[17] K.P. Janssen, M. Abala, F. El Marjou, D. Louvard, S. Robine,
Mouse models of K-ras-initiated carcinogenesis, BBA-Rev.
Cancer (2005) [Epub ahead of print].

[18] J.R. Jass and L.H. Sobin, Histological Typing of intestinal Tu-
mours, WHO International Histological Classification of Tu-
mours, Springer-Verlag, 1989.

[19] J.F. Kerr, C.M. Winteford and B.V. Harmon, Apoptosis: its sig-
nificance in cancer and therapy, Cancer 73 (1994), 2013–2026.

[20] K.W. Kinzler and B. Vogelstein, Lessons from hereditary col-
orectal cancer, Cell 87 (1996), 159–170.

[21] C. Lengauer, K.W. Kinzler and B. Vogelstein, Genetic instabil-
ities in human cancers, Nature 396 (1998), 643–649.

[22] R. Monaco, J.M. Chen, D. Chung, P. Brandt-Rauf and M.R.
Pincus, Comparison of the computed three-dimensional struc-
tures of oncogenic forms (bound to GDP) of the ras-gene-
encoded p21 protein with the structure of the normal (non-
transforming) wild-type protein, J. Protein. Chem. 14 (1995),
457–466.

[23] T. Muto, H.J.R. Bussey and B.C. Morson, The evolution of can-
cer of the rectum, Cancer 36 (1975), 2251–2270.

[24] I. Petersen, Chromosome, ploidy and genetic imbalances of
lung cancer, Cell. Oncol. 26 (2004), 173–174.

[25] T.P. Pretlow and T.G. Pretlow, Mutant KRAS in aberrant crypt
foci (ACF): Initiation of colorectal cancer?, BBA-Rev. Cancer
(2005) [Epub ahead of print].

[26] P.S. Rabinovitch, Genomic instability and progression to can-
cer in two models of preneoplastic disease: Barrett’s esophagus
and ulcerative colitis, Cell. Oncol. 26 (2004), 210–211.

[27] H. Rajagopalan, M.A. Nowak, B. Vogelstein and C. Lengauer,
The significance of unstable chromosomes in colorectal cancer,
Nat. Rev. Cancer 3 (2003), 695–701.

[28] D. Rasnick, Aneuploidy theory provides the “alternative plau-
sible” explanation of cancer, Cell. Oncol. 26 (2004), 194–198.

[29] T. Ried, M.J. Difilippantonio, C. Montagna, K. Heselmeyer-
Haddad, H. Padilla-Nash, J. Habermann and M. Upender, Pat-
terns and consequences of chromosomal aneuploidy in cancer
cells, Cell. Oncol. 26 (2004), 224–225.

[30] R.A. Risques, V. Moreno, M. Ribas, E. Marcuello, G. Capellà
and M.A. Peinado, Genetic pathways and determinants of clin-
ical outcome in colorectal cancer, Cell. Oncol. 26 (2004), 207–
209.

[31] C.A. Rubio, T. Alm, A. Aly and B. Poppen, Intraepithelial bod-
ies in colorectal adenomas: Leuchtenberger bodies revisited,
Dis. Colon Rectum 34 (1991), 47–50.

[32] J. Sambrook, E.F. Fritsch and T. Maniatis, Molecular Cloning,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
1989.

[33] E. Saraga, D. Bautista, G. Dorta, P. Chaubert, P. Martin, B. Sor-
dat et al., Genetic heterogeneity in sporadic colorectal adeno-
mas, J. Pathol. 18 (1997), 281–286.

[34] N. Smakman, I.H. Borel Rinkes, E.E. Voest and O. Kranen-
burg, Control of colorectal metastasis formation by K-Ras,
BBA-Rev. Cancer (2005) [Epub ahead of print].

[35] R.G. Steinbeck, Pathologic telophases: significant source of in-
terphase aneuploidy, Cell. Oncol. 26 (2004), 233–236.

[36] J. Sudbo and A. Reith, The evolution of predictive oncology
and molecular-based therapy for oral cancer prevention, Int. J.
Cancer 115 (2005), 339–345.

[37] J. Sudbo, S.M. Lippman, J.J. Lee, L. Mao, W. Kildal, A. Sudbo
et al., DNA content as a prognostic marker in patients with oral
leukoplakia, N. Engl. J. Med. 344 (2001), 1270–1278.

[38] M.B. Terry, A.I. Neugat, R.M. Bostick, J.D. Potter, R.W. Haile
and C.M. Fenoglio-Preiser, Reliability in the classification of
advanced colorectal adenomas, Cancer Epidemiol. Biomarkers
Prev. 11 (2000), 660–663.

[39] E. Torlakovic, E. Skovlund, D.C. Snover, G. Torlakovic and
J.M. Nesland, Morphologic reappraisal of serrated colorectal
polyps, Am. J. Surg. Pathol. 27 (2003), 65–81.

[40] S.J. Winawer, A.G. Zauber, M.N. Ho, M.J. O’Brien, L.S. Got-
tlieb, S.S. Sternberg et al., Prevention of colorectal cancer by
colonoscopic polipectomy. The National Polyp Study Work-
group, N. Engl. J. Med. 329 (1993), 1977–1981.

[41] Yuen, H. Davies, T.L. Chan, J.W. Ho, G.R. Bignell, C. Cox et
al., Similarity of the phenotypic patterns asoociated with BRAF
and KRAS mutations in colorectal neoplasia, Cancer Res. 62
(2002), 6451–6455.


