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ABSTRACT

Aim: the aim of the present study is to evaluate the prognostic
influence of loss of heterozygosity on 2p, 3p, 5q, 17p and 18q,
and c-myc overexpression on surgically treated sporadic colorectal
carcinoma.

Methods: tumor and non-tumor tissue samples from 153 pa-
tients were analyzed. Fifty-one percent of patients were male, and
mean age in the series was 67 years. Tumors were located in the
proximal colon in 37 cases, in the distal bowel in 37, and in the
rectum in 79 patients. c-myc overexpression was studied by
means of Northern blot analysis, and loss of heterozigosity
through microsatellite analysis.

Results: c-myc overexpression was detected in 25% of cas-
es, and loss of heterozygosity in at least one of the studied re-
gions in 48%. There was no association between clinical and
pathologic features, and genetic alterations. The disease-free
interval was significantly shorter for patients with both genetic
alterations; the presence of both events was an independent
prognostic factor for poor outcome in the multivariate analysis
(RR: 4.34, p < 0.0001).

Conclusions: the presence of both loss of heterozygosity and
overexpression of the c-myc oncogene separates a subset of col-
orectal carcinoma patients who have a shorter disease-free inter-
val after curative-intent surgery.

Key words: Loss of heterozygosity. c-myc. Oncogenes. Progno-
sis. Colorectal carcinoma.
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INTRODUCTION

Colorectal carcinoma (CRC) is one of the most fre-
quently diagnosed solid tumors. It is the second cause of
cancer-related death in the Western world (1,2), and in
Spain it causes 11% of cancer-related deaths in the male
population and 15% in the female one (3).

The high incidence of CRC and the ease with which
tumor tissue samples are obtained in different evolution-
ary stages have both led to the description of a tumor pro-
gression model, from benign polyps to invasive cancers
(4), all along the genetic events associated with this neo-
plastic transformation. These include, APC deletion,
DNA hypomethylation, k-ras mutations, allelic losses in
DCC, or p53 alterations (4,5).

The expression of some of these genetic alterations
seems to accompany tumoral phenotypes —more or less
aggressive— and the detection of these alterations could
be in the future the basis for deciding the application of
adjuvant therapies, which to date are only based in the
only universally accepted prognostic factor —tumor
stage.

The present work analyzes the overexpression of the c-
myc gene, a dominant oncogene that may also behave as
a suppressor gene, and the loss of heterozygosity in dif-
ferent chromosomal regions in a series of surgically-
treated patients with sporadic CRC, as well as the influ-
ence of these alterations on the recurrence of disease.
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PATIENTS AND METHODS
Patients

One-hundred and fifty-three patients, 78 males and 75
females, electively operated on for sporadic CRC, were
included. Mean age in this series was 67 years (31-89).
Eighteen patients had a Dukes’ A tumor, 61 had a Dukes’
B, 47 a Dukes’ C, and 27 had a stage D. Thirty-seven tu-
mors were located in the proximal colon, 37 in the distal
bowel, and 79 in the rectum.

Three patients (2%) died in the postoperative period
and were excluded of the survival analysis.

Patients with stage-B or higher disease were postoper-
atively treated with adjuvant therapy unless medically
contraindicated. After discharge or chemotherapy com-
pletion, all patients were included in a follow-up protocol
(6) (Table I). Suspicion of tumor relapse guided the intent
to obtain cytological or histological confirmation, but a
radiolographic image with or without elevated tumor
markers was enough to diagnose tumor recurrence.

Table I. Follow-up program for colorectal carcinoma

Months after operation 8-12 18 24 36 48 60
Exploration * oo * * *
CEA * * * * * *
Liver / abdominal US * * * * * *
Chest X-ray * * * * * *
Colonoscopy (1) * *

* *

Pelvic CAT (2)

(1): After a “clean” colon, adapted to each patient. (2): Selected cases of rectal
cancer.

Sample harvesting. Immediately after bowel resection,
the specimen was opened and washed. Tumor and normal
mucosa samples were harvested. Tissue specimens were
frozen in liquid nitrogen and stored at -80 °C in a freezer
for later analysis. All patients gave their informed con-
sent for the use of their tissues, and the study was ap-
proved by the local Ethics Committee.

c-myc overexpression. c-myc overexpression was eval-
uated using a Northern-blot analysis. Tissues for RNA
extraction, frozen at -80 °C, were immediately homoge-
nized in an ice-cold solution of guanidinium thyocyanate,
to minimize the risk of RNA degradation. Moreover, all
solutions used for RNA extraction were RNAase-free.
Thus, RNA was extracted from tumor and non-tumor
samples using Chomczynski and Sacchi method (7), and
quantitated by UV spectrophotometry. Thirty micro-
grams of total RNA were denatured in 50% formamide,
2.2 M formaldehyde, 20 mM MOPS (morpholin
propanosulphonic acid) (pH 7.0), 6% glycerol at 65 °C
for 15 min, separated by size on gels containing 0.9%
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agarose and 0.66 M formaldehyde, and blotted on Gene-
Screen™ membranes (NEN Research Products, Dupont,
Boston, MA). RNA was cross-linked to the membrane by
UV light. The membrane was then prehybridized for 3
hours and hybridized for 24 h at 42 °C in a buffer contain-
ing 0.25 M Na,PO, (pH 7.2), 0.25 M NaCl, 1 mM EDTA,
100 wg/ml denatured salmon sperm DNA, 7% SDS (sodi-
um dodecyl sulphate), 50% deionized formamide, and
the labeled probe. The c-myc DNA probe was labeled
with (a”P) dCTP by random priming reaction. After hy-
bridization, membranes were washed and exposed to Ko-
dak X-OMAT AR films. Densitometric quantification of
the autoradiograms was performed in a Molecular Dy-
namics (Sunnyvale, CA) scanning laser densitometer.
The 18S ribosomal probe was used for RNA normaliza-
tion. Results were obtained comparing the c-myc signal
in tumor samples to the c-myc signal in non-tumor sam-
ples.

Loss of heterozigosity. DNA was extracted as reported
by Blin and Stafford (8). DNA samples were analyzed by
polymerase chain reaction for loss of heterozigosity at
loci exposed in table II. The polymerase chain reaction
was performed in a Thermocycler Perkin Elmer (Gene
Amp PCR System 2400) system, and was carried out in a
20 wl volume containing: 50 ng of genomic DNA, 1 uM
of primer, 0.2 mM of each deoxynucleoside triphosphate,
10 mM Tris HCI (pH 8.3), 50 mM KCI, 2 mM MgCl,, 0.5
ul (a*P)dCTP (3000 Ci/mmol) (Amersham, Bucking-

Table Il. Chromosomal regions analyzed and microsatellites

used
Chromosome Locus Microsatellite
2p 2p16 D25119
2p16 D25123
2p16.3-2p21 BAT26
3p 3p23 G219511
3p13-3p13 D35S659
3p23-3p23 D35647
3p21.3-3p14.2 D3S1300
3p21.3-3p22 D351619
3p21.3-3p22 D3S3623
3p21.3-3p22 D3S1260
3p12-3p21.1 D353697
3p12-3p21.1 D3S3722
5q 5q15-5¢21 D55299
5421-5q22 D55346
11p 11p14-11p13 D115904
17p 17p13.1 G29672
18q 18022.3-18q23 D18558

hamshire, UK), and 1 U of Dynazyme Thermostable
DNA Polymerase (Finnzymes OY, Helsinki, Finland).
PCR conditions were as follows: initial denaturation at
94 °C for 5 min, 30 cycles of 94 °C for 0.5 min, 55 °C for
0.5 min, and 72 °C for 1 min. Final extension was 72 °C
for 7 min. PCR products were denatured by 95% for-
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mamide and electrophoresed on 7 M urea polyacrylamide
gels for 3 h at 43 W, followed by autoradiography. Loss
of heterozygosity was considered when a complete loss
of one or both alleles of the locus appeared.

Statistical analysis. All clinical and pathological re-
sults were compared with molecular data by means of x>
or Fisher’s tests for qualitative variables, and t-test for
continuous ones. Disease-free survival was studied with
Kaplan Meier curves, compared with the log rank test.
Variables obtaining prognostic signification were entered
into a Cox Proportional Hazards Model. All calculations
were carried out with the Statistical Package for Social
Sciences, version 10.0, for Windows (SPSS Inc, Chicago,
IL, license number 7269515).

RESULTS

In 39 cases, we detected overexpression of c-myc
(25.5%), with no relationship to sex, tumor location,
grade of differentiation, or tumor stage. Patients with
c-myc overexpression were significantly younger, 64.2
vs. 68.6 years, p = 0.03.

We could study loss of heterozigosity (loh) in 143
samples; in 69 cases (48.3%) loh was detected in at least
one of the studied regions. There was no association to
any of the variables analyzed, but we found a non-statisti-
cal association between loh and grade of differentiation,
as 32% of well-differentiated tumors showed loh, 51% of
intermediate ones harboured the alteration, and 57% of
poorly differentiated tumors were loh+ (p = 0.09).

Among 143 patients in which both genetic alterations
were analyzed, 57 cases (39.9%) were negative both for
loh and c-myc overexpression, and 20 cases were positive
for both of them.

Survival studies

Mean follow-up was 28 months, with a range from 0
to 115 months. We detected 35 tumor recurrences
(22.9%). Mean disease-free survival for patients in stages
A to C was 69% at 5 years. c-myc overexpression was
associated with a shorter disease-free survival, mainly
between patients in Dukes’ B stage (c-myc +: 58% vs.
c-myc -: 86%), but statistical signification was not reached.

Loh was a poor prognosis feature, as the disease-free
survival estimation was 56% at 5 years for patients with
allelic loss, while it was 75% for patients without loh (p =
0.07); differences were higher in Dukes’ B stage (68 vs.
92%, p < 0.05), reaching statistical signification.

In an attempt to determine the prognostic influence of
both alterations together, the series was divided into four
subsets: patients with no detectable alterations, patients
with ¢-myc overexpression and no loh, patients harbouring
loh but not c-myc overexpression, and patients with both
genetic alterations. Disease-free survival showed a signifi-
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Fig. 1.- Comparison between disease-free survival depending upon the
expression of loss of heterozygosity and c-myc overexpression. Patients
with both genetic alterations have a significantly worse prognosis than
patients without both alterations or patients with expression of only
one of these abnormalities.

Comparacion de la supervivencia libre de enfermedad en funcion de la
expresion de pérdida de heterozigosidad y sobreexpresion de c-myc.
Los pacientes con expresion de las dos alteraciones genéticas presen-
tan un prondstico significativamente peor que los enfermos sin expre-
sién de ambas o con expresion de una de las dos pero no la otra.

Table lll. Cox Proportional Hazards Model

Variable Bad prognosis ~ Relative risk ~ 95% Cl p
Dukes' stage C 3N 1.63-5.92  0.0006
Tumor location Rectum 335 1.50-7.51  0.0032

Genetic alteration c-myc (+) &loh (+)  4.34 2.13-8.81 < 0.0001

cantly worse prognosis for the latter group —patients with
both c-myc overexpression and loh— as only 33% of these
patients were disease-free at 5 years (p = 0.002) (Fig. 1).
To estimate prognostic independence, genetic alterations
were compared to “classic” prognostic factors such as
Dukes’ stage and tumor location. In the multivariate analy-
sis all three behaved as independent prognostic factors,
with the relative risk for recurrence being 3.11 for patients
in stage C, 3.35 for tumors located in the rectum, and 4.34
for tumors with loh and c-myc overexpression (Table III).

DISCUSSION

The c-myc oncogene is overexpressed or amplified in
one third of CRCs (9,10), and in up to 65% of cases when
its protein is investigated by means of immunohisto-
chemical analysis (11). The difference between DNA or
RNA analysis and protein analysis lies in that the former
technique only evaluates increased synthesis, while the
latter includes also decreased degradation. It is not clear

REV Esp ENFERM DIG 2005; 97(3): 170-178



Vol. 97. N.° 3, 2005

OVEREXPRESSION OF c-myc AND LOSS OF HETEROZIGOSITY ON 2p, 3p, 5q, 17p AND 18q 173

IN SPORADIC COLORECTAL CARCINOMA

whether the accumulation of c-myc is a feature of more
advanced tumors as communicated by Masramon et al.
(9) and Heerdt et al. (12), or if, as we have presented, the
overexpression of this gene develops in the initial
stages of tumor progression, being independent of tu-
mor stage (11,13). Attending to the location of the
tumor, most authors find increased expression of c-myc
in distal colon tumors and rectal cancers, while proximal
tumors would be characterized by other genetic alter-
ations such as microsatellite instability (14,15).

Loh has been reported in up to 80% of CRCs. Loh
refers to the alteration detected as a partial or total loss of
one of the alleles of the analyzed loci, and we define the
genotype loh +, which appears to characterize a different
phenotype of colorectal cancer (16). In our study we in-
vestigated all the chromosomal regions involved in CRC,
i.e. 2p, 3p, 5q, 17p and 18q, which are those containing
already identified —or unidentified but suspected as yet
(2p, 3p)- suppressor genes (APC, p53, DCC). Loh is re-
ported more frequently in advanced tumors, as if there
was a progressive loss of genetic material parallel to tu-
mor progression (17); in our series, loh prevalence is just
below 50%, and it appears not to be associated with tu-
mor stage or the location of the tumor (18).

The prognostic value of c-myc overexpression in CRC
has been studied in many different ways, but neither
DNA amplification (19), nor RNA overexpression
(20,21) or the immunohistochemical analysis of the pro-
tein (11,13) have yet clarified the role of this oncogene in
the evolution of this disease. Augenlicht et al. (19) re-
ported a very interesting work where they found that pa-
tients with c-myc gene amplification had a better re-
sponse to surgery plus adjuvant therapy with levamisole
and 5-fluorouracil. Although their series is short and they
did not find prognostic independence, their paper repre-
sents a good basis for the investigation of response to
chemotherapy in association with the expression of this
gene. Bhatavdekar et al. (11) found prognostic differ-
ences in relation to c-myc protein expression in a short
series of Dukes’” B and C patients, with a greater level of
significance when c-myc was considered together with
Bcl-2 and p53; the authors postulate that the prognostic
importance of these genes lies in the cooperation between
them. The same conclusions are reported by Smith and
Goh (21), who found a different prognosis —in this case a
better one— in the group of patients with c-myc overex-
pression associated with “wild-type” p53 overexpression.

Chromosomal deletions usually affect negatively the
prognosis of CRC. Our group recently reported a rela-
tionship between 3p23 loh and shorter survival (22). In
the case of 17p the prognostic influence is variable (23),
and one can even find reports that confer a protective val-
ue to p53 alterations (24,25). Allelic losses in 18q are
usually found to be related to a poorer clinical course, as
reported by Vogelstein et al. (26) and by Rosell et al. in
our country (27); both studies find 18q loh to be an inde-
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pendent prognostic factor for CRC. The same is found for
5q loh (APC), which usually behaves as a negative prog-
nostic attribute (28).

Taken all allelic losses together, i.e. considering “loh
+” the phenotype characterized by the presence of at
least one allelic loss, we find a worse prognosis for pa-
tients harbouring this anomaly, just as our group and
other authors have previously reported (17,29). Though
statistical significance is not reached, when stage B is
considered separately differences reach signification,
which almost happens in the case of c-myc. This is a
quite important fact, as stage B patients are those who
obtain no clear benefit from adjuvant therapy; with a
genetic study, we could select patients with an estimated
poor outcome, and they would receive postoperative
chemotherapy.

The association of both genetic events is clearly a poor
prognostic factor, and it behaves independently regarding
other known prognostic variables. How could both genet-
ic events be linked? The oncogene c-myc was originally
described as a gene activated following mutagenic stim-
uli, depending upon the expression of growth factors and
with a regulatory activity on cell growth. Its presence
seems to be essential for the progression from phase G1
to S, and it also regulates cellular differentiation and pro-
motes transformation.

It has recently been rediscovered, as a tumor suppres-
sor gene that may induce cell death through apoptosis.
The dual function depends upon the cellular environ-
ment and the status of the genes targeted by c-myc (30).
Regarding cooperation mechanisms, or the relationship
between c-myc and the deleted genes in the loh geno-
type, some of them have already been elucidated. The
APC gene in 5q is connected to c-myc through the wnt
way, a membrane protein implied in intercellular com-
munication, growth and differentiation. Wnt signals in-
duce the release of the complex APC-f-catenin, and so
[-catenin can move to the nucleus to inhibit the sup-
pression of c-myc by different proteins such as Groucho
or CBP. In this way stimulus from the wnt receptor in-
duces cellular proliferation and transformation through
c-myc, and this mechanism is reproduced when there is
APC mutation or 5q deletion, as §-catenin cannot com-
plete its action (31-33). On the other hand, cooperation
with p53 appears to occur through the opposite way, the
negative growth control or its behaviour as an apoptotic
inductor and a tumor suppressor gene. It seems that
“wild-type” p53 protein plays a role in Fas-mediated
apoptosis as induced by c-myc (34). In this way, gene
mutations or 17p deletions would cause an inhibition of
c-myc -mediated apoptosis, a stimulation of cellular
transformation, and neoplasic development. There are
probably similar mechanisms which positively or nega-
tively relate to the different genes considered in the loh
genotype, and they would be responsible for the poorer
outcome of patients harbouring these alterations.



174

A. SANCHEZ-PERNAUTE ET AL.

REFERENCES

1.

2.

10.

11.

12.

13.

15.

16.

17.

18.

Greenle RT, Murray T, Bolden S, Wingo PA. Cancer statistics, 2000.
CA Cancer J Clin 2000; 50: 7-33.

Cohen AM, Minsky BD, Schilsky RL. Cancer of the colon. In: DeVi-
ta Jr VT, Hellman S, Rosenberg SA. Cancer. Principles and practice
of oncology. 5th ed. Philadelphia: Lippincott - Raven Publishers,
1997. p. 1144-97.

Centro Nacional de Epidemiologia. Area de Epidemiologia Ambien-
tal y Cancer. Mortalidad por Cancer en Espana, 2000. http: //cne.isci-
ii.es/cancer/mort2000.txt.

Fearon ER, Vogelstein B. A genetic model for colorectal carcinogen-
esis. Cell 1990; 61: 759-67.

Toribara NW, Slisenger MH. Screening for colorectal cancer. N Engl
J Med 1995; 332: 861-7.

Cerdan FJ. Seguimiento de los pacientes intervenidos de céncer col-
orrectal. Rev Cancer 1997; 11: 32-41.

Chomczynski P, Sacchi N. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem 1987; 162: 156-9.

Blin N, Stafford DW. A general method for isolation of high mole-
cular weight DNA from eukaryotes. Nucleic Acid Res 1976; 3:
2303-8.

Masramon L, Arribas R, Tortola S, Perucho M, Peinado MA. Moder-
ate amplifications of the c-myc gene correlate with molecular and
clinicopathological parameters in colorectal cancer. Br J Cancer
1998; 99: 2349-56.

Arango D, Corner GA, Wadler S, Catalano PJ, Augenlicht LH. C-
myc/p53 interaction determines sensitivity of human colon carcinoma
cells to 5-fluorouracil in vitro and in vivo. Cancer Res 2001; 61:
4910-5.

Bhatavdekar JM, Patel DD, Ghosh N, Chikhlikar PR, Trivedi TI,
Suthar TP, et al. Coexpression of Bcl-2, c-Myc and p53 oncoproteins
as prognostic discriminants in patients with colorectal carcinoma. Dis
Colon Rectum 1997; 40: 785-90.

Heerdt BG, Molinas S, Deitch D, Augenlicht LH. Aggressive sub-
types of human colorectal tumors frequently exhibit amplification of
the c-myc gene. Oncogene 1991; 6: 125-9.

Miller F, Heimann TM, Quish A, Pyo DJ, Szporn A, Martinelli G, et
al. Ras and c-myc protein expression in colorectal carcinoma. Study
of cancer prone patients. Dis Colon Rectum 1992; 35: 430-5.
Rothberg G, Spandorfer JM, Erisman MD, Staroscik RN, Sears HF,
Petersen RO, et al. Evidence that c-myc expression defines two genet-
ically distinct forms of colorectal adenocarcinoma. Br J Cancer 1985;
52: 629-32.

Bufill JA. Colorectal cancer: Evidence for distinct genetic categories
based on proximal or distant tumor location. Ann Intern Med 1990;
113:779-88.

Goel A, Arnold CN, Niedzwiecki D, Chang DK, Ricciardiello L,
Carethers JM, et al. Characterization of sporadic colon cancer by pat-
terns of genomic instability. Cancer Res 2003; 63: 1608-14.

Weber JC, Schneider A, Rohr S, Nakano H, Bachellier P, Méchine A,
et al. Analysis of allelic imbalance in patients with colorectal cancer
according to stage and presence of synchronous liver metastases. Ann
Surg 2001; 234: 795-803.

Garcia-Hisrschfeld Garcia J, Blanes Berenguel A, Vicioso Recio

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

REV Esp ENFERM DIG (Madrid)

L, Marquez Moreno A, Rubio Garrido J, Matilla Vicente A.
Colon cancer: p53 expression and DNA ploidy. Their relation to
proximal or distal tumor site. Rev Esp Enferm Dig 1999; 91: 481-
8.

Augenlicht LH, Wadler S, Corner G, Richards C, Ryan L, Multani
AS, et al. Low-level c-myc amplifications in human colonic carcino-
ma cell lines and tumours: a frequent, p53-independent mutation as-
sociated with improved outcome in a randomized multi-institutional
trial. Cancer Res 1997; 57: 1769-75.

Nagai MA, Habr-Gama A, Oshima CT, Brentani MM. Association of
genetic alterations of c-myc , c-fos, and c-Ha-ras proto-oncogenes in
colorectal tumors. Frequency and clinical significance. Dis Colon
Rectum 1992; 35: 444-51.

Smith DR, Goh HS. Overexpression of the c-myc proto-oncogene in
colorectal carcinoma is associated with a reduced mortality that is ab-
rogated by point mutation of the p53 tumor suppressor gene. Clin
Cancer Res 1996; 2: 1049-53.

Iniesta P, Massa MJ, Gonzalez-Quevedo R, de Juan C, Moran A,
Sanchez-Pernaute A, et al. Loss of heterozygosity at 3p23 is correlat-
ed with poor survival in patients with colorectal carcinoma. Cancer
2000; 89: 1220-7.

Petersen S, Thames HD, Nieder C, Petersen C, Baumann M. The re-
sults of colorectal cancer treatment by p53 status: treatment-specific
overview. Dis Colon Rectum 2001; 44: 322-34.

Soong R, Grieu F, Robbins P, Dix B, Chen D, Parsons R, et al. p53 al-
terations are associated with improved prognosis in distal colonic car-
cinomas. Clin Cancer Res 1997; 3: 1405-11.

Ahnen DJ, Feigi P, Quan G, Fenoglio-Preiser C, Lovato LC, Bunn Jr
PA, et al. Ki-ras mutations and p53 overexpression predict the clinical
behavior of colorectal cancer: a Southwest Oncology Group Study.
Cancer Res 1998; 58: 1149-58.

Jen J, Kim H, Piantadosi S, Liu Z-F, Levitt RC, Sistonen P, et al. Al-
lelic loss of chromosome 18q and prognosis in colorectal cancer. N
Engl J Med 1994; 331: 213-21.

Martinez-Lopez E, Abad A, Font A, Monz6 M, Ojanguren I, Pifarré
A, et al. Allelic loss on chromosome 18q as a prognostic marker in
stage II colorectal cancer. Gastroenterology 1998; 114: 1180-7.
McLeod HL, Murray GI. Tumour markers of prognosis in colorectal
cancer. Br J Cancer 1999; 79: 191-203.

Massa MJ, Iniesta P, Gonzalez Quevedo R, de Juan C, Caldés T,
Sanchez- Pernaute A, et al. Differential prognosis of replication error
phenotype and loss of heterozigosity in sporadic colorectal cancer.
Eur J Cancer 1999; 35: 1676-82.

Packham G, Cleveland JL. c-Myc and apoptosis. Biochem Biophys
Acta 1995; 1242: 11-28.

Pennisi E. How a growth control path takes a wrong turn to cancer.
Science 1998; 281: 1438-41.

He T-C, Sparks AB, Rago C, Hermeking H, Zawel L, da Costa LT, et
al. Identification of C-MYC as a target of the APC pathway. Science
1998; 281: 1509-12.

Seidler HBK, Utsuyama M, Nagaoka S, Takemura T, Kitagawa M,
Hirokawa K. Expression level of Wnt signaling components possibly
influences the biological behavior of colorectal cancer in different age
groups. Exp Mol Pathol 2004; 76: 224-33.

Green DR. A Myc-induced apoptosis pathway surfaces. Science
1997; 278: 1246-7.

REV Esp ENFERM DIG 2005; 97(3): 170-178




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


