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Summary

Apolipoprotein E (APOE) polymorphism plays an important role in lipid metabolism. Preliminary evidence
suggests that APOE genotype appears to be a risk factor for not only cardiovascular disease, but also Alzheimer’s
disease and cancer. We screened the APOE genotype in 290 breast cancer patients and 232 non-cancer controls and
determined the relationship between APOE gene polymorphism and breast cancer in Taiwan. We found risk for
breast cancer was associated with the APOE genotype (v2 ¼ 8.652, p ¼ 0.013). Carriers of the e4 allele were more
common in breast cancer cases than carriers of e3 allele ( p ¼ 0.004, OR ¼ 1.786, 95% CI: 1.197–2.664). In addition,
the e4 allele is also associated with HER2/neu negative status in breast cancer patients ( p ¼ 0.006, OR ¼ 0.277,
95% CI: 0.111–0.693). No significant associations between APOE genotype and tumor grade, TN classification,
progesterone receptor, estrogen receptor, lymphatic invasion, or recurrence of breast cancer were in evidence. These
results suggest that the APOE e4 allele may be a risk factor for breast cancer and correlates with HER2/neu negative
status.

Introduction

Apolipoprotein E (Apo E) is a 299-amino acid glyco-
protein which consists of four exons and three introns
spanning 3597 nucleotides located on the long arm of
chromosome 19 [1]. Apo E is a normal constituent of
very low-density lipoprotein (VLDL) and high-density
lipoprotein (HDL) and has an important role in lipid
metabolism by serving as a ligand to hepatic lipoprotein
receptors [1–3]. In humans there are three functionally
distinct isoforms of the protein (E2, E3, and E4),
encoded by the corresponding alleles e2, e3, and e4 [1–3].
These isoforms differ in amino acid sequence at posi-
tions 112 and 158. The ApoE2 isoform differs from the
wild-type ApoE3 isoform by a single amino acid change
resulting in minimal receptor binding activity and
reduced clearance of chylomicron remnants, while the
ApoE4 isoform results in faster chylomicron clearance
[4].

APOE alleles combine to generate six possible
genotypes ranking from most to least common:
3/3, 4/3, 3/2, 4/4, 4/2, and 2/2 [1–3]. The e4 allele is
associated with increased risk for coronary heart disease
[2, 5], Alzheimer’s disease [6–8] and prostatic carcino-

mas [9]. In contrast, the e4 allele is associated with
decreased risk for colon cancer [10].

Recently, the e4 allele has found to be linked to breast
cancer. Among Caucasian American women possessing
one or two copies of APOE4 allele, those with high
concentrations of triglycerides had four times the risk of
developing breast cancer when compared with women
with low triglyceride concentrations [11]. However,
compared with women in possession of the APOE3
allele, there were no associations with breast cancer risk
for Caucasian [12] or English [13] women with either the
APOE2 or APOE4 alleles. Taken together, the impact of
APOE polymorphism on breast cancer risk may vary
across diverse populations.

In population studies, APOE allele frequencies were
found to differ in 11 populations studied thus far [14,
15]. The major APOE allele in all populations is e3
(frequency range from 39.8% in Sudanese to 72.1% in
Japanese). Northern Europeans (Finns, Germans) tend
to have higher frequencies (14–19%) of the e4 allele than
southern Europeans (French, Italians; 7–12%). Nigeri-
ans, Japanese, and Finns have relatively low frequencies
(3–4%) of e2. Therefore, to determine whether APOE
genotypes (e2, e3, and e4) are related to the risk of
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breast cancer in Taiwan, the relationship between APOE
polymorphism and clinically diagnosed breast cancer
was studied.

Materials and methods

Study population

The study population is composed of female Taiwanese
ranging in age from 25 to 73 years. Breast cancer
patients (n ¼ 290; mean 47.41 ± 10.12 SD) were
recruited from the China Medical University Hospital
and Feng Yuan Hospital. The informed consent was
obtained from the subjects. It is designed to embrace a
number of the clinical measures and outcomes of breast
carcinoma including menopause status, family history of
breast cancer, laterality, pathology, primary tumor size,
TNM classification, tumor grade, estrogen receptor
status, progesterone receptor status, HER2/neu status,
positive lymph node number, vascular invasion, lym-
phatic invasion, distant metastasis, and recurrence of
breast cancer. Non-cancer controls (n ¼ 232; mean
40.20 ± 10.68 SD) were recruited from the Taichung
Blood Center and China Medical University Hospital;
and infection of HBV (Hepatitis B virus), HCV (Hepa-
titis C virus), HIV (Human immuno-deficiency Virus),
and HTLV (Human T-lymphotropic virus) were
excluded. Tumor stage group was determined according
to the AJCC/UICC TNM Classification and Stage
grouping [16]. Histological grade was determined
according to the modified Bloom-Richardson grade [17].
The esterogen receptor, progesterone receptor, and
HER2/neu status were determined by immunohisto-
chemical staining methods [18, 19].

Polymorphism analysis

Genomic DNA was extracted from whole blood by using
the Viogene� isolation kit (Viogene, Taiwan). APOE
genotyping was performed according to the method of
Hixon and Vernier [20]. Exon 4 of APOE gene was
amplified by polymerase chain reaction (PCR). The
amplicon was generated using the following PCR primers:
forward primer (5¢-ACAGAATTCGCCCCGGCCTGG
TACAC-3¢); and reverse primer (5¢-TAAGCTTGGCA
CGGCTGT-CCAAGGA-3¢). Then, the PCR product
was digested by theHhaI restriction enzyme. Digests were
resolved by electrophoresis through a 4.5% agarose gel,
run at 100 V for 40 min, stained with ethidium bromide
and visualized by UV transillumination.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 10.0.7C). Difference in age was analyzed by
two-sample t-test. APOE genotypes and allele frequen-
cies of breast cancer patients and non-cancer controls
were compared by using Pearson v2-test and Fisher’s

exact test. Logistic regression analysis tested the asso-
ciations of APOE polymorphism with the risk for breast
cancer and with clinical outcome measures.

Results

We studied a total of 522 individuals: 290 breast cancer
patients and 232 non-cancer controls. There was no
significant difference between the breast cancer patients
and non-cancer controls with respect to age ( p ¼ 0.277).

The APOE genotype distribution and allele
frequencies are shown in Table 1. APOE polymorphism
was classified as e2 carrier (2/2, 2/3, or 2/4), e3 carrier (3/
3), or e4 carrier (3/4 or 4/4). The e3 allele frequency
occurred at a lower rate (70.7%) in the 290 breast cancer
cases as compared to the 232 non-cancer controls
(75.2%). A significant difference in the APOE genotypes
between breast cancer patients and non-cancer controls
was observed (v2 ¼ 8.652, df ¼ 2, p ¼ 0.013). Logistic
regression analysis revealed a significant influence of the
e4 allele on the risk for breast cancer (p ¼ 0.004,
OR ¼ 1.786, 95% CI: 1.197–2.664, e4 versus e3).

Presence or absence of HER2/neu was associated
with APOE polymorphism in breast cancer patients
(v2 ¼ 10.307, df ¼ 2, p ¼ 0.006, Table 2). The results of
a logistic regression analysis with patients classified in
the HER2/neu negative status indicated carries of the
e4 allele were significantly enriched in this group
(p ¼ 0.006, OR ¼ 0.277, 95% CI: 0.111–0.693, e4
versus e3).

There was no significant difference between APOE
polymorphism and the following clinical outcomes:

Table 1. Correlation of APOE genotypes and allele frequencies in the

study population

Allele/Genotype Patients Controls

Frequency, %

Allele

e2 9.6 9.7

e3 70.7 75.2

e4 19.6 15.1

n (%)

Genotype

e2 carrier 2/2 11 (3.8) 14 (6.0)

2/3 24 (8.3) 4 (1.7)

2/4 10 (3.4) 13 (5.6)

e3 carrier 3/3 145 (50.0) 145 (62.5)

e4 carrier 3/4 96 (33.1) 55 (23.7)

4/4 4 (1.4) 1 (0.4)

APOE v2 df p

versus study

populations

8.652 2 0.013
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progesterone receptor, estrogen receptor, lymphatic
invasion (Table 2), tumor grade, and TN classification
(Table 3).

Discussion

This study evaluated the association between the risk for
breast cancer and APOE gene polymorphism. Epide-

miological studies have revealed that age–incidence
curves of breast cancer in Asians differs from those in
Caucasians [21]. The peak of age distributions for East
Asian women occurs in the range from 40 to 50 years,
contrasting with the incidence occurring at greater than
50 years of age in Western women. In our study, the
genotype distribution of APOE polymorphism in our
Taiwanese study population agrees with the findings of

Table 2. Association between APOE genotypes and HER2/neu status, estrogen receptor status, progesterone receptor status, and lymphatic

invasion in breast cancer patients

APOE genotypea, n (%) APOE versus status

Total e2 e3 e4 v2 df p

HER2/neu

Positive 51 11 (21.6) 33 (64.7) 7 (13.7) 10.307 2 0.006

Negative 102 12 (11.8) 51 (50.0) 39 (38.2)

ERb

Positive 120 19 (15.8) 61 (50.8) 40 (33.3) 0.004 2 0.998

Negative 82 13 (15.9) 42 (51.2) 27 (32.9)

PRc

Positive 96 96 17 (17.7) 44 (45.8) 35 (36.5) 2.545 2 0.280

Negative 96 14 (14.6) 55 (57.3) 27 (28.1)

Lymphatic invasion

Positive 93 18 (19.4) 46 (49.5) 29 (31.2) 0.948 2 0.623

Negative 175 26 (14.9) 89 (50.9) 60 (34.3)

aAPOE genotype was classified as e2 carrier (2/2, 2/3, 2/4), e3 carrier (3/3), and e4 carrier (3/4, 4/4).
bEstrogen receptor.
cProgesterone receptor.

Table 3. Correlation of APOE genotypes with TN classification or tumor grade in breast cancer patients

APOE genotypea, n (%)

Total e2 e3 e4 v2 df p

APOE versus T classification

T classificationb

1 94 12 (12.8) 45 (47.9) 37 (39.4) 5.002 4 0.287

2 150 29 (19.3) 70 (46.7) 51 (34.0)

3 21 2 (9.5) 14 (66.7) 5 (23.8)

APOE versus N classification

N classificationc

0 187 27 (14.4) 95 (50.8) 65 (34.8) 0.860 2 0.650

1 or 2 79 17 (18.7) 43 (47.3) 31 (34.1)

APOE versus Tumor grade

Tumor grade

I 31 5 (16.1) 16 (51.6) 10 (32.3) 0.406 4 0.982

II 119 21 (17.6) 57 (47.9) 41 (34.5)

III 65 11 (16.9) 34 (52.3) 20 (30.8)

aAPOE genotype was classified as e2 carrier (2/2, 2/3, 2/4), e3 carrier (3/3), and e4 carrier (3/4, 4/4).
bT1 classification: tumor 2 cm or less in greatest dimension. T2 classification: tumor more than 2 cm but not more than 5 cm in greatest

dimension. T3 classification: tumor more than 5 cm in greatest dimension.
cN0 classification: no regional lymph node metastases. N1 classification: metastasis to movable ipsilateral axillary lymph nodes. N2 classification:

metastases to ipsilateral axillary nodes fixed to one another or to other structures.
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Eichner et al. [15] who estimated APOE genotype
frequencies from diverse populations for the purposes of
international and ethnic comparisons. The average age
of female breast cancer patients in Taiwan (mean
47.4 ± 10.1 SD) is younger than those reported in
American Caucasian women (mean 58.0 ± 9.8 SD) [12].
Carriers of the e4 allele are at significantly increased risk
of breast cancer (1.786-fold) as compared to carriers of
the e3 allele in Taiwan. The e4 allele frequency in
American Caucasian breast cancer patients was
approximately 11.9% [12], whereas in Taiwanese breast
cancer patients the e4 allele frequency was is estimated
at 19.6%. The higher e4 allele frequency observed in
Taiwanese women may represent a more important risk
factor for earlier onset of breast cancer in the Taiwanese
population. Moreover, this increased genetic risk may
be shared more broadly in Asian populations.

Another possible mechanism explaining the appar-
ent increased risk for breast cancer in carriers of the e4
allele may be related to this allele’s triglyceride-elevat-
ing effect. APOE4 reduces triglyceride clearance from
plasma, resulting in persistently elevated triglyceride
concentrations, which could result in decreased sex
hormone-binding globulin levels and elevated levels of
free estradiol [22]. It has been demonstrated that
estrogen activates estrogen receptor and results in
transcription of various genes that are involved in
cellular proliferation. In particular, the presence of
estrogen receptor and/or progesterone receptor is an
important diagnostic feature in breast cancer develop-
ment and progress [23, 24]. However, we did not find
any correlation between APOE polymorphism and
estrogen receptor status or progesterone receptor
status.

Furthermore, we found patients possessing e4 alleles
were associated with HER2/neu-negative status.
Human HER2/neu gene overexpression is associated
with a faster rate of tumor growth and an increased
rate of metastasis [25]. HER2/neu-positive patients
tend to have a poor prognosis and a decreased disease-
free survival and overall survival time [25,26].
Accordingly, we tested for a synergistic effect between
HER2/neu status and the APOE e4 allele and did not
find a significant influence on the recurrence of breast
cancer and the distant metastasis (data not shown).
Failure to demonstrate an association between APOE
e2 or e4 carrier status and a measure of tumor pro-
gression, the cell proliferation index (MIB-1) [13],
highlights the need of consistent measures and inde-
pendent replication studies.

In conclusion, our findings suggest that APOE
polymorphism plays an important role in the develop-
ment of breast cancer. The APOE e4 allele influences the
risk for breast cancer and is correlated with absence of
HER2/neu status. Taken together, the APOE genotype
should be explored further to evaluate its potential as a
marker for not only cardiovascular and Alzheimer’s
disease risk, but for breast cancer risk.

Acknowledgements

This study was supported in part by grants from the
China Medical University (CMU92-CM-05 and
CMU92-CI-02) and by a grant from the China Medical
University Hospital (DMR92-022).

References

1. Mahley RW: Apolipoprotein E cholesterol transport protein with

expanding role in cell biology. Science 240: 622–630, 1998

2. Davignon J, Gregg RE, Siing CF: Apolipoprotein E polymor-

phism and atherosclerosis. Atherosclerosis 8: 1–21, 1988

3. Poirer J, Davignon J, Bouthillier D: Apolipoprotein E polymor-

phism and Alzheimer’s disease. Lancet 342: 697–699, 1993

4. Breslow JL: Genetic basis of lipoprotein disorders. J Clin Invest 84:

373–380, 1989

5. Uterman G: Apolipoprotein E polymorphism in health and

disease. Am Heart J 113: 433–440, 1987

6. Corder EH, Saunders AM, Strittmatter WJ, Roses A: Gene dose of

apolipoprotein E type 4 allele and the risk of Alzheimer’s disease in

late onset families. Science 261: 921–923, 1993

7. Saunders AM, Strittmatter WJ, Schmechel D, Roses A: Associ-

ation of apolipoprotein e4 with late-onset familial and sporadic

Alzheimer’s disease. Neurology 43: 1467–1472, 1993

8. Strittmatter WJ, Saunders AM, Schmechel D, Roses A: Apolipo-

protein E: high-activity binding to b-amyloid and increased

frequency of type 4 allele in late-onset familial Alzheimer’s disease.

Proc Natl Acad Sci USA 90: 1977–1981, 1993

9. Lehrer S: Possible relationship of the apolipoprotein E (Apo E) e4
allele to prostate cancer. Br J Cancer 78: 1398, 1998

10. Kervinen K, Sodervik H, Makela J, Lehtola J, Niemi M,

Karailuoma MI, Kesaniemi YA: Is the development of adenoma

and carcinoma in proximal colon related to apolipoprotein E

phenotype? Gastroenterol 110: 1785–1790, 1996

11. Moysich KB, Freudenheim JL, Baker JA, Ambrosone CB,

Bowman ED, Schisterman EF, Vena JE, Shields PG: ApoE4 gene

linked to breast cancer. BMJ 319: 662, 1999

12. Moysich KB, Freudenheim JL, Baker JA, Ambrosone CB,

Bowman ED, Schisterman EF, Vena JE, Shields PG: Apolipopro-

tein E genetic polymorphism, serum lipoproteins, and breast

cancer risk. Mol Carcinog 27: 2–9, 2000

13. Zunarelli E, Nicol JAR, Migaldi M, Trentini GP: Apolipoprotein

E polymorphism and breast carcinoma: correlation with cell

proliferation indices and clinical outcome. Breast Cancer Res Treat

63: 193–198, 2000

14. Hallman DM, Boerwinkle E, Saha N, Sandholzer C, Menzel HJ,

Csazar A, Utermann G: The apolipoprotein E polymorphism:

a comparison of allele frequencies and effects in nine populations.

Am J Hum Genet 49: 338–349, 1991

15. Eichner JE, Dunn ST, Perveen G, Thompson DM, Stewart KE,

Stroehla BC: Apolipoprotein E polymorphism and cardiovascular

disease: a human genome epidemiology review. Am J Epidemiol

155: 487–495, 2002

16. Balch CM, Buzaid AC, Soong SJ, Atkins MB, Cascinelli N, Coit

DG, Fleming ID, Gershenwald JE, Houghton A Jr, Kirkwood JM,

McMasters KM, Mihm MF, Morton DL, Reintgen DS, Ross MI,

Sober A, Thompson JA, Thompson JF: New TNM melanoma

staging system: linking biology and natural history to clinical

outcomes. Semin Surg Oncol 21: 43–52, 2003

17. Elston CW, Ellis IO: Pathological prognostic factors in breast

cancer. I. The value of histological grade in breast cancer:

experience from a large study with long-term follow-up. Histopa-

thology 19: 403–410, 1991

18. Chebil G, Bendahl PO, Idvall I, Ferno M: Comparison of

immunohistochemical and biochemical assay of steroid receptors

N-W Chang260



in primary breast cancer-clinical associations and reasons for

discrepancies. Acta Oncol 42: 719–725, 2003

19. Regitnig P, Schippinger W, Lindbauer M, Samonigg H, Lax SF:

Change of HER-2/neu status in a subset of distant metastases from

breast carcinomas. J Pathol 203: 918–926, 2004

20. Hixson JE, Vernier DT: Restriction isotyping of human apolipo-

protein E by gene amplification and cleavage with HhaI. J Lipid

Res 31: 545–548, 1990

21. Takatani O, Okumoto T, Kosano H: Genesis of breast cancer in

Japanese: a possible relationship between sex hormone binding

globulin (SHBG) and serum lipid components. Breast Cancer Res

Treat 18(Suppl 1): 527–529, 1991

22. Brinton L, Lacey J, Devesa SS: Epidemiology of Breast Cancer. In:

Donegan WL, Spratt JS (eds) Cancer of the Breast. 5th ed WB

Saunders, Philadelphia, 2002, pp. 111–132

23. Emi Y, Kitamura K, Shikada Y, Kakeji Y, Takahashi I, Tsutsui

S: Metastatic breast cancer with HER2/neu-positive cells tends

to have a morbid prognosis. Surgery 131(Suppl 1): S217–S221,

2002

24. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire

WL: Human breast cancer: correlation of relapse and survival with

amplification of the HER-2/neu oncogene. Science 235: 177–182,

1987

25. Key TJ, Pike MC: The role of oestrogens and progestagens in the

epidemiology and prevention of breast cancer. Eur J Cancer Clin

Oncol 24: 29–43, 1988

26. Nilsson S, Makela S, Treuter E, TujagueM, Thomsen J, Andersson

G, Enmark E, Pettersson K, Warner M, Gustafsson JA: Mecha-

nisms of estrogen action. Physiol Rev 81: 1535–1565, 2001

Address for offprints and correspondence:Nai-Wen Chang, Department

of Biochemistry, College of Medicine, China Medical University, 91

Hsueh-Shih Road, Taichung 404, Taiwan; Tel:. +886-4-22053366

ext.8608; Fax: +886-4-22053764; E-mail: nwchang@mail.cmu.edu.tw

APOE polymorphism and HER2/neu 261


