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We evaluated genetic variants of apolipoprotein E (APOE HhaI) and their association with serum lipids in colorectal cancer
(CRC), together with eating habits and personal history. Eight-seven adults with CRC and 73 controls were studied. APOE*2
(rs7412) and APOE*4 (rs429358) were identified by polymerase chain reaction-restriction fragment length polymorphism. APOE
gene polymorphisms were similar in both groups, but the ε4/ε4 genotype (6%) was present only in controls. The patients had
reduced levels (mean ± SD) of total cholesterol and low-density lipoprotein cholesterol fraction (180.4 ± 49.5 and 116.1 ± 43.1
mg/dL, respectively) compared to controls (204.2 ± 55.6, P = 0.135 and 134.7 ± 50.8 mg/dL; P = 0.330, respectively) indicating
that they were not statistically significant after the Bonferroni correction. The APOE*4 allele was associated with lower levels of
total cholesterol, low- and high-density lipoprotein cholesterol fraction and increased levels of very low-density lipoprotein
cholesterol fraction and triglycerides only among patients (P = 0.014). There was a positive correlation between the altered lipid
profile and increased body mass indexes in both groups (P < 0.010). Moreover, a higher rate of hypertension and overweight was
observed in controls (P < 0.002). In conclusion, the presence of the ε4/ε4 genotype only in controls may be due to a protective
effect against CRC. Lower lipid profile values among patients, even those on lipid-rich diets associated with the APOE*4 allele,
suggest alterations in the lipid synthesis and metabolism pathways in CRC.
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Introduction

Colorectal cancer (CRC) is a common cause of death
in Western countries where fat-rich diets, at quantities of
40 to 45% of the total calories ingested by the population,
have a close relationship with its incidence (1). In addition
to the diet, other factors predispose individuals to CRC.
These include age, with 90% of cases occurring in indi-
viduals older than 50 years, a personal history of ad-
enomas and CRC, a family history of polyposis syndrome
and Lynch syndrome, or first-degree relatives with CRC

and inflammatory intestinal disease (2). Recent years have
been marked by great discoveries about the basic mech-
anisms involved in the genesis of CRC, which have been
possible due to the recognition and description of onco-
genes, tumor suppression genes and DNA repair genes
(2,3).

There is evidence that the serum levels of total choles-
terol (TC) and low-density lipoprotein cholesterol fraction
(LDL-C) are positively correlated with the appearance of
CRC (4), although this has not always been demonstrated
(5). Thus, it is possible that genetic factors that affect the
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metabolism of cholesterol also influence susceptibility to
cancer. Hence, apolipoprotein E (apo E), which is a multi-
functional protein with a role in the transport and metabo-
lism of lipids (6), has also been considered in the etiology
of CRC (7-9).

Apo E modulates the concentration of fecal bile acids,
substances that may participate in the genesis of colorec-
tal adenocarcinomas, particularly of the proximal colon,
where they are in direct contact with the mucous mem-
brane. In this case, the presence of the APOE*4 allele is
associated with lower concentrations of these acids in the
gastrointestinal tract, suggesting its protective role against
CRC (10).

The APOE*4 allele seems to exert a protective effect in
populations with high exposure to environmental factors
predisposing to colon carcinoma (7,8), considering the
hypothesis that ε4/ε4 homozygosity at the APOE locus
was just found among controls, although this effect has not
been confirmed in low-risk populations (7-9). Ethnic diver-
sity, distinct eating habits and environmental factors char-
acterize populations, whose profile should be investigated
in association with determined genetic variants represent-
ing risk factors for this disease. This is the first study
including Brazilians to consider the possible relationship
between APOE gene polymorphisms and CRC. The 5-
year survival rate after curative resection of CRC ranges
from 40 to 60%. This stresses the necessity of a better
understanding of tumoral markers that may indicate the
prognosis and permit the selection of patients for a more
aggressive therapy aiming at increasing survival. Thus,
the objectives of the present study were to analyze the
allelic and genotypic distributions of the APOE HhaI poly-
morphism and their association with the lipid profile in
patients with colorectal cancer and to characterize the
habits and personal histories of patients compared to a
control group without this disease.

Patients and Methods

Patients
A total of 160 unrelated individuals attended at the

Division of Proctology, Faculdade de Medicina de São
José do Rio Preto, from August 2002 to July 2003, were
studied. The subjects were divided into two groups: CRC
group, 46 women (52.9%) and 41 men (47.1%) with a
diagnosis of colorectal neoplasia confirmed by histopa-
thology and ranging on age between 27 and 89 years
(mean: 60.6 ± 13.4 years), and control group, 41 women
(56.0%) and 32 men (44.0%), clinically healthy individuals
with normal results of colonoscopy, confirming the ab-
sence of colon neoplasia, during clinical investigation for

complex illness involving obscure weakness or refractory
anemia, and ranging in age from 21 to 86 years (mean:
61.6 ± 14.7 years). Patients with intestinal inflammatory
disease or polyposis were excluded. The study was ap-
proved by the Research Ethics Committee of Faculdade
de Medicina de São José do Rio Preto, SP, Brazil. All
individuals involved in the study were informed in writing
about its nature and signed consent forms.

Genomic DNA analysis
Genomic DNA was extracted from peripheral blood

leukocytes by the method of Gustincich et al. (11). APOE
[APOE*2 (Cys176Arg, rs7412) and APOE*4 (Cys130Arg,
rs429358)] single nucleotide polymorphisms were ana-
lyzed by the polymerase chain reaction (PCR) and by the
restriction fragment length polymorphism technique. Am-
plification was carried out in an Eppendorf-Mastercycler
thermal cycler (Eppendorf HQ, Germany). The sequences
of the primers and the PCR conditions for the APOE
variants were described by Hixson and Vernier (12). PCR
products were analyzed by 1.5% agarose gel electropho-
resis followed by ethidium bromide staining and were
digested with the endonuclease HhaI (Amersham Phar-
macia Biotech of Brazil), according to manufacturer in-
structions. Fragments were identified by 6% polyacryl-
amide gel electrophoresis. Genotyping was determined
using a homozygous sample for the restriction site as
positive control. In addition, 10% of all analyses were
repeated randomly to confirm the results obtained.

Analysis of serum lipids, personal histories and eating
habits

The lipid profile was determined in peripheral blood
samples drawn after a 12-h fast. Individuals under medici-
nal treatment with lipid-lowering drugs and hormones were
excluded. The serum concentrations of triglycerides (TG)
and TC were determined by enzymatic colorimetric meth-
ods (13,14). The serum levels of the high-density lipopro-
tein cholesterol fraction (HDL-C) were analyzed by precipi-
tation with dextran-magnesium chloride. The levels of LDL-
C and of the very low-density lipoprotein cholesterol frac-
tion (VLDL-C) were calculated by the Friedewald formula
(15) for TG levels below 400 mg/dL. The reference values
used were those recommended by the IV Brazilian Guide-
line for Dyslipidemia and Atherosclerosis prevention from
the Department of Atherosclerosis of Sociedade Brasileira
de Cardiologia (16).

Gender, ethnic group, hypertension, diabetes mellitus,
overweight including obesity, smoking, alcoholism, and
sedentary life style were considered in the personal his-
tory. Hypertension was defined as systolic arterial pres-
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sure of 140 mmHg or higher and diastolic pressure of 90
mmHg or higher (17). Patients using anti-hypertensive
medications were considered to be hypertensive. Body
mass index (BMI) was calculated using the formula [weight
(kg)/height squared (m2)], with values of 18.5–24.9 kg/m2

being considered eutrophic, values of 25.0–29.9 kg/m2

being considered to indicate overweight, and values of ≥30
kg/m2 to indicate obesity (18). A fasting blood sugar level
≥126 mg/dL was used for the diagnosis of diabetes mellitus
(16). Smoking was analyzed in terms of the duration of the
habit and the number of cigarettes per day. Individuals who
ingested ≥30 mL alcohol per day were considered to be
alcoholics. Absence of sedentary life style was understood
as physical exercise on at least three occasions weekly
with a minimum duration of 45 min.

All individuals were interviewed using a questionnaire
regarding the intake of meat (pork, beef, chicken, and fish),
fatty and fried food, fibers (vegetables, and
cereals), margarine or butter, and milk
(skimmed and whole). For the ingestion of
meat, a single alternative identifying the fre-
quency of its consumption per week was
marked, indicating zero, once weekly, two or
three times weekly or four or more times
weekly. For the ingestion of fatty foods and
fibers the alternatives little (1 or 2 times
weekly), average (3 times weekly) or fre-
quent (more than 3 times weekly) were used.
For margarine, butter and milk, the respec-
tive alternatives either confirmed their use in
the diet or not.

Statistical analysis
The exploratory analysis of the lipid pro-

file included calculations of the means and
standard deviation, with differences between
groups being assessed by the t-test. For the
comparative study of the allelic and geno-
typic frequencies for APOE, personal histo-
ries and eating habits, the Fisher exact test
was applied. An analysis of the main compo-
nents for the TC, LDL-C, HDL-C, VLDL-C,
and TG variables was performed in order to
determine hierarchical factors according to
their influence on total variation. Variables
such as gender, age, BMI, smoking, alcohol-
ism, hypertension, diabetes, practice of physi-
cal exercise, and eating habits were ana-
lyzed with respect to the hierarchical factors
obtained for the lipid profile by applying the
Pearson correlation     coefficient. Significance

was defined as P < 0.05, after applying the Bonferroni
correction to all P values.

Results

Regarding tumor location, rectal adenocarcinoma pre-
dominated (62.1%), followed by right-sided or proximal
colon (20.7%), and left-sided or distal colon adenocarci-
noma (17.2%), with a predominance of moderately differ-
entiated tumors (Table 1).

APOE HhaI polymorphisms
The distribution of alleles and genotypes is presented

in Table 2. Note the prevalence of the APOE*3 allele
(control: 0.78; CRC: 0.82), followed by the APOE*4 allele
(0.12 and 0.14, respectively). The ε3/ε3 genotype was the
most common in the two groups, varying from 66% (con-

Table 1.Table 1.Table 1.Table 1.Table 1. Location and histopathological classification of tumors of individuals
with colorectal neoplasia.

Histopathological classification Location of neoplasia
of tumor

Rectal Proximal colon Distal colon

Moderately or well-differentiated 48 (55.2%) 15 (17.2%) 14 (16.1%)
adenocarcinoma

Poorly differentiated adenocarcinoma 2 (2.3%) 1 (1.2%) -
Adenoma 4 (4.6%) 2 (2.3%) 1 (1.5%)

Data are reported as number of individuals and percent within parentheses.

Table 2.Table 2.Table 2.Table 2.Table 2. Allelic frequencies and genotypic distribution of the apolipoprotein E
polymorphisms in individuals with colorectal cancer (CRC) and controls.

APOE Hha I CRC Control

Allele N Frequency N Frequency
APOE*2 11 0.06 12 0.08
APOE*3 143 0.82 116 0.78
APOE*4 20 0.12 18 0.14
NTotal 174 1.00 146 1.00

Genotype N Percent N Percent
ε2/ε2 3 3 1 1
ε2/ε3 3 3 9 12
ε2/ε4 2 2 1 1
ε3/ε3 61 71 48 66
ε3/ε4 18 21 10 14
ε4/ε4 0 0 4 6
NTotal 87 100 73 100

N = number of alleles and genotypes. There were no statistical differences
between groups when they were compared by the Fisher exact test.
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erozygous), excluding ε2/ε4 carriers, showed that both
groups were similar (data not shown). The APOE gene
polymorphisms did not exhibit the pattern predicted by
Hardy-Weinberg (HW) equilibrium for the CRC group (χ2

(3)

= 28.5; P < 0.001) and for the control group (χ2
(3) = 7.95;

0.02 < P < 0.05) (data not shown).

Personal history, eating habits and serum lipids
Table 3 presents the demographic characteristics (gen-

der, ethnic background, hypertension, obesity or over-
weight, diabetes mellitus, smoking, alcoholism, and sed-
entary life style) and biochemical data of CRC and control
groups. There was a prevalence of European descent in
both groups (about 80%). Moreover, a higher rate of hyper-
tension and overweight or obesity was observed in the
control group (69.0 and 65.5%, respectively; P < 0.0015 for
both). Altered values (mean ± SD) for TC (204.2 ± 55.6 mg/
dL) and LDL-C (134.7 ± 50.8 mg/dL) in the control group
compared to the CRC group (180.4 ± 49.5 and 116.1 ±
43.1 mg/dL, respectively) were not statistically significant
after the Bonferroni correction.

Comparative analysis of the two groups for the inges-
tion of meat, fiber and fats showed similar intake of fat.

Lipid profile and APOE HhaI
The lipid profile is presented in association with the

genotypes for APOE, with means ± SD for each variable
for both groups (Table 4). Note that for the CRC group the
mean TC value was within the reference range for all
genotypes, while in the control group with the ε3/ε3 geno-
type, the mean value was apparently higher (213.7 ± 59.4
mg/dL) compared to the CRC group (182.3 ± 56.0 mg/dL,

P = 0.05, after Bonferroni
correction). Mean HDL-C
values were below the ref-
erence values in the CRC
group with the ε2/ε3 (33.3
± 8.3 mg/dL) and ε3/ε4
genotypes (34.4 ± 13.5
mg/dL), while they re-
mained within the recom-
mended range in the con-
trol group. The mean TG
levels for both groups
were within the reference
range for all genotypes.

Combination of variables
A multivariate logistic

regression analysis per-
formed to test the main

Table 3.Table 3.Table 3.Table 3.Table 3. Demographic characteristics and biochemical data of
Brazilian individuals with colorectal cancer (CRC) and controls.

Variable CRC Control
(N = 79) (N = 58)

Gender (men) 49.4% 46.6%
Ethnics (European descent) 84.8% 84.5%
Hypertension 32.9% 69.0%*
Obesity or overweight 27.8% 65.5%*
Diabetes mellitus 6.3% 5.2%
Smokers 16.5% 13.8%
Ex-smokers 32.9% 34.5%
Alcoholics 16.5% 3.5%
Ex-alcoholics 3.8% 6.9%
Sedentary life style 58.2% 63.8%
TC (mg/dL) 180.4 ± 49.5 204.2 ± 55.6
HDL-C (mg/dL) 39.6 ± 15.3 45.0 ± 13.9
LDL-C (mg/dL) 116.1 ± 43.1 134.7 ± 50.8
VLDL-C (mg/dL) 24.5 ± 17.5 25.6 ± 11.9
TG (mg/dL) 116.2 ± 56.6 128.0 ± 59.5

Continuous variables are reported as means ± SD or percent. TC
= total cholesterol; HDL-C = high-density lipoprotein cholesterol
fraction; LDL-C = low-density lipoprotein cholesterol fraction;
VLDL-C = very low-density lipoprotein cholesterol fraction; TG =
triglycerides. *P < 0.05 (Fisher exact test).

trol) to 71% (CRC), followed by the ε3/ε4 genotype (con-
trol: 14%; CRC: 21%). The ε2/ε3 genotype was not signifi-
cantly more frequent in the control group (12%) than in the
CRC group (3%). On the other hand, the ε4/ε4 genotype
was not observed in the CRC group and in only 6% of
control subjects. The analysis comparing APOE*2 allele
carriers to APOE*4 allele carriers (homozygous or het-

Table 4.Table 4.Table 4.Table 4.Table 4. Serum lipid concentrations in Brazilian individuals with colorectal cancer (CRC) and controls
according to APOE gene polymorphisms.

APOE gene Lipids (mg/dL)
polymorphisms

TC HDL-C LDL-C VLDL-C TG

ε2/ε3
CRC (N = 3) 179.6 ± 13.0 33.3 ± 8.3 122.6 ± 0.57* 27.0 ± 2.0 134.0 ± 10.5
Control (N = 8) 161.2 ± 25.8 52.1 ± 15.4 93.2 ± 23.6 21.0 ± 13.2 106.0 ± 67.4

ε3/ε3
CRC (N = 53) 182.3 ± 56.0* 41.9 ± 16.1 118.9 ± 48.5 21.2 ± 10.9 107.6 ± 55.8
Control (N = 41) 213.7 ± 59.4 43.4 ± 13.7 143.9 ± 54.1 26.5 ± 12.4 132.6 ± 61.6

ε3/ε4
CRC (N = 18) 176.5 ± 36.5 34.4 ± 13.5 109.1 ± 32.4 32.7 ± 30.2 131.9 ± 63.4
Control (N = 6) 185.6 ± 36.9 45.1 ± 14.9 121.0 ± 25.7 22.1 ± 5.0 109.8 ± 24.8

Data are reported as mean ± SD. TC = total cholesterol; HDL-C = high-density lipoprotein cholesterol
fraction; LDL-C = low-density lipoprotein cholesterol fraction; VLDL-C = very low-density lipoprotein
cholesterol fraction; TG = triglycerides. *P = 0.05 compared to control (t-test).
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components, identified as Factors 1, 2, and 3, showed the
relationship between the lipid profile variables. In this
case, Factor 1, which selected individuals with high or low
levels of TC, LDL-C, VLDL-C, and TG all together, was
responsible for 50.39% of the total variants of the lipid
profile among the individuals. The mean Factor 1 value
was significantly lower in the CRC group (-0.25 ± 1.52)
compared to controls (0.35 ± 1.63, P = 0.016). This means
that the patients, in general, had lower levels of TC, LDL-C,
VLDL-C, and TG compared to controls. Factor 2 explained
28.5% of the total variation, identifying individuals with
high levels of TC, HDL-C and LDL-C and reduced levels of
VLDL-C and TG and vice versa. The mean Factor 2 value
was significantly higher in the CRC group (0.17 ± 1.24)
compared to controls (-0.24 ± 1.10, P = 0.021). This
indicates that the patients, in general, had reduced levels
of TC, LDL-C and HDL-C and high levels of the VLDL-C
and TG subset compared to controls, with a tendency to
the inverse result for the controls. Factor 3 explained
16.6% of the total variation of the lipid profile and identified
higher levels of HDL-C and VLDL-C and reduced levels of
LDL-C or vice versa, with similar means for the two groups
(P = 0.370).

Regarding the analysis of factors in relation to alleles,
there was a significant relationship only among patients,
whose mean Factor 2 value was significantly higher in
individuals with the APOE*4 allele (0.60 ± 1.48) compared
with individuals with the APOE*3 allele (-0.28 ± 1.02; P =
0.014). This means that higher levels of TC, LDL-C and
HDL-C and lower levels of VLDL-C and TG were, in gen-
eral, seen in individuals with the APOE*3 allele compared
to individuals with the APOE*4 allele.

Factors 1, 2, and 3, representing the lipid profile, were
also analyzed with respect to BMI, age, smoking, hyper-
tension, diabetes, and eating habits. A significant positive
correlation was noted between Factor 1 and BMI in CRC (r
= 0.306, P = 0.007) and control groups (r = 0.388, P =
0.003). This means that individuals with altered lipid profile
levels, in general had increased BMI values. Moreover, in
the controls, Factor 1 was also positively correlated with
age (r = 0.367, P = 0.005). The other variables did not show
statistically significant relationships with the main compo-
nents identified as Factors 1, 2, and 3 in either group (data
not shown).

Discussion

The present data indicate that the allelic and genotypic
distributions for APOE gene polymorphisms were similar
between patients with CRC and controls (8,9). Moreover,
our study failed to provide outright confirmation of the

conclusions of Kervinen et al. (10) in view of the significant-
ly lower frequency of the APOE*4 allele in patients with
proximal carcinoma or adenoma compared to patients with
distal CRC and controls. However, the ε4/ε4 genotype
detected only in controls suggests a possible protective
effect of the APOE*4 allele, as reported by others (8,10). In
contrast with the current results of a prevalence of female
patients and rectal adenocarcinoma, the increased risk of
colon cancer in individuals with the ε2/ε3 genotype was
reported particularly in men (8).

In our series, the genotypic distribution observed for
APOE in both groups was not in HW equilibrium. Similar
situations in case-control type studies with analysis of
single nucleotide polymorphisms have also been reported
by others (19-21). The absence of the HW equilibrium
suggests doubts including that evolutive factors and the
criteria utilized in the selection of randomized patients may
have changed the genotypic frequencies.

The analysis of the main components identified by the
relationship between variables of the lipid profile con-
firmed the presence of reduced levels of TC, LDL-C, VLDL-
C, and TG as a whole in CRC, with an association among
the variables responsible for 50.3% of the total variation in
the lipid profile. In fact, the association between CRC and
reduced cholesterol levels was also reported by others
(22,23), although its combination with obesity seems to
indicate a four-times greater risk for colon cancer in men
compared with a group showing average values of both
variables (23), data not available from the current study
with a predominance of rectal adenocarcinoma. In con-
trast, overweight and obesity were prevalent in controls,
although both groups showed a positive correlation be-
tween BMI and lipid profile, in agreement with other reports
(24). It is possible that the period of evolution of the disease
during the selection of the patients (in the current study
only 2.3% of the subjects had slightly differentiated adeno-
carcinoma), the gender (23) and age (25) may contribute
to the differences in results between the studies. In addi-
tion, visceral obesity has also been reported to be a risk
factor for the disease (26). Thus, Schoen et al. (27), in a
study of patients with CRC, even without an association
between BMI and CRC, observed a relationship between
waist circumference and waist/hip index and the disease.
Moreover, the discrepancy in the distribution of fat be-
tween men and women should be emphasized, as also
should hormone replacement therapy for postmenopausal
women, which is associated with a lower risk of colon
cancer (28).

In the present study, the frequency of ingestion of
fibers and red and white meat was similar for both groups.
However, it may be suggested that cooking methods such
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as frying meat excessively may influence the production of
heterocyclic amines or polycyclic aromatic hydrocarbon-
ates, reactive metabolites with a toxic action, increasing
the risk of CRC (29), while dietary constituents such as
folic acid from vegetables may reduce the risk for the
disease (26). Studies of an association between eating
habits and risk for CRC require careful evaluation with the
identification not only of food classes, but also of food
types and cooking practices, which were not evaluated in
the current study. Also, sedentary life style prevailed among
both CRC and control subjects, probably due to the older
age range (mean age was about 60 years) in both groups.
Participants, in general, did not practice physical exercises
in a regular manner. In fact, physical exercise has been
considered to be a protective factor against CRC (30).

The lipid profile was positively correlated with age only
for the control group, with values similar to those of the
general population (24), except for women, probably be-
cause postmenopausal women were included in this study,
as were alcoholics. Alcoholism was prevalent in patients
as also reported by other investigators, with a co-carcino-
genic effect together with cigarettes (30), that in our series
was similar between both groups. Fujimori et al. (31), in an
evaluation of the influence of the consumption of alcohol
on the association between serum cholesterol levels and
colorectal adenoma or adenocarcinoma, observed signifi-
cantly lower levels of TG and cholesterol in patients with
adenoma who consumed alcoholic beverages on a daily
basis, compared to those without the disease. These re-
sults suggest modifications in the lipid synthesis and me-
tabolism secondary to CRC.

Studies have demonstrated a significantly increased
risk of CRC, and particularly colon cancer, in subjects with

a cluster of three conditions: hypertension, excessive weight
and lower HDL-C levels (32). In the present study, hyper-
tension was more prevalent in the control group than in the
CRC group, in agreement with other studies (33), in which
data showed the absence of any association between
CRC and hypertension (34). However, in an Australian
population, hypertension, coronary artery disease and
chronic arthritis were identified as independent risk factors
for CRC (33). Moreover, a meta-analysis showed a 30%
increase in relative risk for the development of CRC in
patients with diabetes mellitus compared to those without
the disease (35). Thus, it is possible that the association
between insulin resistance and CRC is mainly determined
by adiposity (32), which was not analyzed in the present
study due to the low frequency of diabetes mellitus in both
groups.

The presence of the ε4/ε4 genotype only in control
subjects suggests its protective effect against CRC. The
association of the APOE*4 allele with lower levels of TC
and LDL-C in the CRC group, different from that which
occurs in the general population, suggests alterations in
the lipid synthesis and metabolism pathways in CRC.
However, the mechanism of the involvement of APOE in
carcinogenesis is not clear and further studies with larger
samples are necessary to confirm this in the Brazilian
population.

Acknowledgments

The authors would like to thank José Antônio Cordeiro
for assistance with the statistical analysis, and David An-
drew Hewitt for revising the English text.

References

1. Rao CV, Hirose Y, Indranie C, Reddy BS. Modulation of
experimental colon tumorigenesis by types and amounts of
dietary fatty acids. Cancer Res 2001; 61: 1927-1933.

2. Rabelo R, Foulkes W, Gordon PH, Wong N, Yuan ZQ,
MacNamara E, et al. Role of molecular diagnostic testing in
familial adenomatous polyposis and hereditary nonpolypo-
sis colorectal cancer families. Dis Colon Rectum 2001; 44:
437-446.

3. Aaltonen LA, Peltomaki P, Leach FS, Sistonen P, Pylkkanen
L, Mecklin JP, et al. Clues to the pathogenesis of familial
colorectal cancer. Science 1993; 260: 812-816.

4. Tornberg SA, Holm LE, Carstensen JM, Eklund GA. Risks
of cancer of the colon and rectum in relation to serum
cholesterol and beta-lipoprotein. N Engl J Med 1986; 315:
1629-1633.

5. Chung YW, Han DS, Park YK, Son BK, Paik CH, Lee HL, et
al. Association of obesity, serum glucose and lipids with the
risk of advanced colorectal adenoma and cancer: a case-
control study in Korea. Dig Liver Dis 2006; 38: 668-672.

6. Souza DR, Nakachima L, Biagioni RB, Nakazone MA, Pinhel
MA, Trindade DM, et al. Relevance of apolipoprotein E4 for
the lipid profile of Brazilian patients with coronary artery
disease. Braz J Med Biol Res 2007; 40: 189-197.

7. Shinomiya S, Sasaki J, Kiyohara C, Tsuji E, Inoue H,
Marugame T, et al. Apolipoprotein E genotype, serum lipids,
and colorectal adenomas in Japanese men. Cancer Lett
2001; 164: 33-40.

8. Watson MA, Gay L, Stebbings WS, Speakman CT, Bingham
SA, Loktionov A. Apolipoprotein E gene polymorphism and
colorectal cancer: gender-specific modulation of risk and



403

Braz J Med Biol Res 42(5) 2009

Colorectal cancer and apolipoprotein E in Brazilians

www.bjournal.com.br

prognosis. Clin Sci 2003; 104: 537-545.
9. Slattery ML, Sweeney C, Murtaugh M, Ma KN, Potter JD,

Levin TR, et al. Associations between apoE genotype and
colon and rectal cancer. Carcinogenesis 2005; 26: 1422-
1429.

10. Kervinen K, Sodervik H, Makela J, Lehtola J, Niemi M,
Kairaluoma MI, et al. Is the development of adenoma and
carcinoma in proximal colon related to apolipoprotein E
phenotype? Gastroenterology 1996; 110: 1785-1790.

11. Gustincich S, Manfioletti G, Del Sal G, Schneider C, Carninci
P. A fast method for high-quality genomic DNA extraction
from whole human blood. Biotechniques 1991; 11: 298-300,
302.

12. Hixson JE, Vernier DT. Restriction isotyping of human apo-
lipoprotein E by gene amplification and cleavage with HhaI.
J Lipid Res 1990; 31: 545-548.

13. Bucolo G, David H. Quantitative determination of serum
triglycerides by the use of enzymes. Clin Chem 1973; 19:
476-482.

14. Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzy-
matic determination of total serum cholesterol. Clin Chem
1974; 20: 470-475.

15. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plas-
ma, without use of the preparative ultracentrifuge. Clin Chem
1972; 18: 499-502.

16. Sposito AC, Caramelli B, Fonseca FA, Bertolami MC, Afiune
NA, Souza AD, et al. IV Brazilian Guideline for Dyslipidemia
and Atherosclerosis prevention: Department of Atheroscle-
rosis of Brazilian Society of Cardiology. Arq Bras Cardiol
2007; 88 (Suppl 1): 2-19.

17. IV Brazilian guidelines in arterial hypertension. Arq Bras
Cardiol 2004; 82 (Suppl 4): 7-22.

18. World Health Organization (WHO). Physical status: the use
and interpretation of anthropometry. Geneve: WHO, Tech-
nical Report Series, 841; 1995.

19. Xu J, Turner A, Little J, Bleecker ER, Meyers DA. Positive
results in association studies are associated with departure
from Hardy-Weinberg equilibrium: hint for genotyping error?
Hum Genet 2002; 111: 573-574.

20. Wittke-Thompson JK, Pluzhnikov A, Cox NJ. Rational infer-
ences about departures from Hardy-Weinberg equilibrium.
Am J Hum Genet 2005; 76: 967-986.

21. Pinhel MA, Nakazone MA, Cacao JC, Piteri RC, Dantas RT,
Godoy MF, et al. Glutathione S-transferase variants in-
crease susceptibility for late-onset Alzheimer’s disease: as-
sociation study and relationship with apolipoprotein E epsi-
lon4 allele. Clin Chem Lab Med 2008; 46: 439-445.

22. Forones NM, Falcao JB, Mattos D, Barone B. Cholester-
olemia in colorectal cancer. Hepatogastroenterology 1998;

45: 1531-1534.
23. Kreger BE, Anderson KM, Schatzkin A, Splansky GL. Se-

rum cholesterol level, body mass index, and the risk of
colon cancer. The Framingham Study. Cancer 1992; 70:
1038-1043.

24. Schubert CM, Rogers NL, Remsberg KE, Sun SS, Chumlea
WC, Demerath EW, et al. Lipids, lipoproteins, lifestyle, adi-
posity and fat-free mass during middle age: the Fels Longi-
tudinal Study. Int J Obes 2006; 30: 251-260.

25. Lundqvist E, Kaprio J, Verkasalo PK, Pukkala E, Koskenvuo
M, Soderberg KC, et al. Co-twin control and cohort analyses
of body mass index and height in relation to breast, pros-
tate, ovarian, corpus uteri, colon and rectal cancer among
Swedish and Finnish twins. Int J Cancer 2007; 121: 810-
818.

26. Strohle A, Maike W, Hahn A. Nutrition and colorectal can-
cer. Med Monatsschr Pharm 2007; 30: 25-32.

27. Schoen RE, Tangen CM, Kuller LH, Burke GL, Cushman M,
Tracy RP, et al. Increased blood glucose and insulin, body
size, and incident colorectal cancer. J Natl Cancer Inst
1999; 91: 1147-1154.

28. Chlebowski RT, Wactawski-Wende J, Ritenbaugh C,
Hubbell FA, Ascensao J, Rodabough RJ, et al. Estrogen
plus progestin and colorectal cancer in postmenopausal
women. N Engl J Med 2004; 350: 991-1004.

29. Schiffman MH, Felton JS. Re: “Fried foods and the risk of
colon cancer”. Am J Epidemiol 1990; 131: 376-378.

30. Casimiro C. Etiopathogenic factors in colorectal cancer.
Genetic and clinical features (first of 2 parts). Nutr Hosp
2002; 17: 63-71.

31. Fujimori S, Kishida T, Mitsui K, Yonezawa M, Nagata K,
Shibata Y, et al. Influence of alcohol consumption on the
association between serum lipids and colorectal adenomas.
Scand J Gastroenterol 2002; 37: 1309-1312.

32. Bowers K, Albanes D, Limburg P, Pietinen P, Taylor PR,
Virtamo J, et al. A prospective study of anthropometric and
clinical measurements associated with insulin resistance
syndrome and colorectal cancer in male smokers. Am J
Epidemiol 2006; 164: 652-664.

33. Kune GA, Kune S, Watson LF. Colorectal cancer risk,
chronic illnesses, operations, and medications: case control
results from the Melbourne Colorectal Cancer Study. Can-
cer Res 1988; 48: 4399-4404.

34. Negri E, Bosetti C, La Vecchia C, Levi F, Tomei F, Frances-
chi S. Allergy and other selected diseases and risk of colo-
rectal cancer. Eur J Cancer 1999; 35: 1838-1841.

35. Larsson SC, Orsini N, Wolk A. Diabetes mellitus and risk of
colorectal cancer: a meta-analysis. J Natl Cancer Inst 2005;
97: 1679-1687.


