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Elovlé6 is a poor prognostic predictor in breast cancer
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Abstract. Elongation of long chain fatty acids family
member 6 (Elovl6) has been demonstrated to be involved
in insulin resistance, obesity and lipogenesis. In addition, it
has been reported that the protein is upregulated in human
hepatocellular carcinoma and is implicated in nonalcoholic
steatohepatitis-associated liver carcinogenesis. Excess body
weight has been associated with an increased risk of post-
menopausal breast cancer and poor prognosis. However, the
connection between Elovl6 expression and outcome of breast
cancer remains uncertain. Therefore, the present study used
immunohistochemical analysis to investigate the expression
of Elovl6 in breast cancer tissues from patients who had
undergone curative mastectomy. Out of a total of 70 patients,
37.1% of patients exhibited positive Elovl6 expression in breast
cancer tissue, whilst 62.9% were considered as negative. Posi-
tive Elovl6 expression correlated with positive lymph node
involvement and shorter recurrence-free survival. However,
Elovl6 expression had no association with primary tumor
size, lymph node metastasis, stage, grade, estrogen receptor,
progesterone receptor, HER2 and age. Therefore, positive
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Elovl6 expression is a poor prognostic factor in patients with
breast cancer that have previously undergone surgery, and
may function as a potential therapeutic approach in the future,
particularly in the scope of obesity related disease.

Introduction

Overweight or obese patients have become an emerging health
concern worldwide, and are associated with several diseases,
including cardiovascular disease, type 2 diabetes mellitus and
various forms of cancer (1). The prevalence of obesity has
substantially increased over the last few decades, with the
World Health Organization estimating that 500 million adults
worldwide and 31% of females in the United States are cate-
gorically obese (2,3). In Taiwan, the prevalence of obesity has
increased to 13.2% of adult women, which poses a major task
in the prevention of female cance (4). There is accumulating
evidence that being overweight carries an established risk for
renal cell cancer, colon cancer, endometrial cancer, esophageal
adenocarcinoma and postmenopausal breast cancer. A major
review by the International Agency for Research on Cancer
analyzed data regarding weight, physical activity and cancer
incidence in Europe (5). The review concluded that obesity
contributed to the cause of 39% of endometrial cancer cases,
37% of esophageal cancer cases, 25% of kidney cancer cases,
11% of colon cancer cases and 9% of postmenopausal breast
cancer cases (5). Data published over the last 25 years has indi-
cated that obesity is responsible for ~20% of cancer-associated
mortalities in women and ~14% in men (6). These rates are
second only to smoking for the number of avoidable cases of
cancer (6).

In women, breast cancer is the most frequently diagnosed
form of cancer and the second highest cause of cancer-asso-
ciated mortality in the United States, with a similar outcome
reported for Asia-Pacific populations (7,8). Various factors
associated with a greater risk of breast cancer have been
identified. Among the modifiable risk factors, diet and obesity
have been evaluated for use in strategies for breast cancer
prevention. Previous studies have demonstrated that insulin
resistance and diabetes mellitus contribute to cytotoxic agent
resistance in cancer cells and poor response to chemotherapy in
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patients with hepatocellular carcinoma (HCC) (9,10). Together
with insulin resistance and diabetes mellitus, weight gain in
adults is correlated with a greater risk of breast cancer and
is a poor prognostic parameter, particularly in nonsmoking
women (11-13). The mechanism underlying the association
between increased incidences of breast cancer and obesity
in women remains poorly understood, but a growing body of
evidence suggests that insulin resistance, chronic inflamma-
tion, estrogen and adipokine interaction may be involved (14).
An expression array analysis of breast tumor tissues from
postmenopausal women demonstrated that progesterone
receptor (PR) expression correlated with metabolic upregula-
tion of glucolysis and lipogenesis (15). Furthermore, it has
been identified that obesity is correlated with estrogen receptor
(ER) and PR expression, thus supporting their underlying
associations (16).

Processes related to cancer metabolism, such as glucolysis
and lipogenesis, are part of a large body of research that may
be able to define its exact role in cancer cells. However, the
role of lipogenesis in tumor initiation remains unknown. In
cancer stem cells of the breast, ectopic expression of sterol
regulatory element-binding protein-1 (SREBP-1), which is a
master regulator of lipogenic genes, promoted cell growth and
mammosphere formation, and significantly enhanced lipogen-
esis in stem cells (17). Multifunctional fatty acid synthase (FAS)
enzymes, which convert acetyl CoA into fatty acids, is overex-
pressed in a wide range of human tumors (18). Under hypoxic
conditions, FAS is upregulated following activation of Akt and
SREBP-1 (19). FAS expression in breast cancer confers poor
prognosis and is associated with HER2 expression in aggres-
sive breast cancer (20,21), whilst FAS inhibition reverses the
resistance of trastuzumab in HER2(+) breast cancer cells (22).
As a long fatty acid elongase, Elovl6 contributes to de novo
synthesis of fatty acids, and is understood to modulate insulin
resistance (23). As well as FAS involved in de novo lipogen-
esis, the study of Elovl6 in carcinogenesis remains limited.
In nonalcoholic steatohepatitis (NASH)-associated HCC, the
expression of Elovl6 is upregulated, thus highlighting the
contribution of lipogenesis in liver carcinogenesis (24). The
aim of the present study is to nvestigate the behavior of Elovl6
in breast cancer, as it is important to understand the molecular
mechanism of lipogenesis in mammary carcinogenesis, with
ongoing efforts required to identify novel diagnostic and
therapeutic targets.

Materials and methods

Patients and tumor samples. In 2006 and 2007, a total of
70 patients with histologically confirmed breast cancer were
treated at Chi-Mei Medical Center (Tainan, Taiwan). All
patients received standard therapy for curative purpose of
breast cancer as indicated. Clinical information was obtained
from medical records, and all samples were obtained by
mastectomy. Specimens were fixed with 10% formalin and
embedded in paraffin. The present study was approved by the
institute review board of Chi-Mei Medical Center (institutional
review board serial no. 10207-001).

Immunohistochemistry. Staining was carried out on
formalin-fixed and paraffin-embedded tissue sections using
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immunoperoxidase methods. Following deparaffinization
in xylene and rehydration in a graded alcohol series, the
sections were heated in a microwave with citrate buffer
for 13 min for heat-induced epitope retrieval (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). The following
steps were performed using a Novolink™ Polymer Detec-
tion system (Leica Microsystems, Ltd., Milton Keynes,
UK). Novolink Peroxidase Block was added for 5 min to
neutralize the endogenous peroxidase activity, followed by
the addition of Novolink Protein Block for 5 min. Next, the
sections were incubated with the primary antibody against
Elovl6 (dilution, 1:20; Atlas Antibodies, Stockholm, Sweden)
overnight at 4°C. The sections were washed and subsequently
incubated with Novolink Post Primary Block for 10 min,
followed by Novolink Polymer for 10 min. The color reaction
was developed using NovoLink DAB Substrate Buffer, and
the sections were counterstained with Mayer's hematoxylin
(ScyTek Laboratories Inc., Logan, UT, USA). The intensity
of the reactions were analyzed qualitatively. Microscopic
fields with the highest degree of immunoreactivity were
selected for analysis. The intensity score represented the
mean staining intensity of the positive tumor cells, and was
classified as follows: Negative, 0; weak, 1; moderate, 2; and
strong, 3, as described previously (25,26). Intensity scores of
0 and 1 were considered to represent negative Elov16 expres-
sion, whilst scores of 2 and 3 were considered to represent
positive Elovl6 expression.

Statistical analysis. All analyses were performed using
SigmaStat version 3.1 (Systat Software, Inc., San Jose, CA,
USA) and SPSS version 12.0 (SPSS, Inc., Chicago, IL, USA).
The ¥ test was used to compare categorical variables, and
Kaplan-Meier survival analysis was used to estimate survival
curves. In addition, differences between two groups were
analyzed using the Wilcoxon rank-sum test. All tests were
two-tailed and P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

A total of 70 women with invasive breast cancer were included
in the present study. All patients underwent mastectomy
and indicated adjuvant treatment. The tumor samples were
harvested from primary breast tumors. Among the 70 samples,
37.1% exhibited positive Elovl6 expression and 62.9% were
considered as negative. Positive Elovl6 expression was defined
as moderate to strong intensity from immunohistochemistry
staining (Fig. 1). In high-power field microscopic analysis,
the breast cancer cells exhibited positive expression of Elovlo
with cytoplasmic and nuclear distribution (Fig. 2). In order
to analyze the contribution of Elovl6 to the development of
breast cancer, the present study evaluated the association
between Elovl6 expression in clinical breast tumor tissues
and clinicopathological parameters, including primary tumor
size, lymph node metastasis, stage, grade, ER, PR, HER2 and
age. The results demonstrated that positive Elovl6 expres-
sion was correlated with positive lymph node involvement
(P=0.018)(Table I). Positive lymph node involvement is known
to function as an important predictor of breast cancer patient
survival. In the present study, 8/70 patients experienced
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Figure 1. Representative examples of Elovl6 expression in human breast cancer. Left lane, intensity score 0; middle left lane, intensity score 1; middle right
lane, intensity score 2; and right lane, intensity score 3. (A) Hematoxylin, (B) Elovl6 staining, and (C) negative control. Scale bars, 500 gm. Elov16, elongation

of long-chain fatty acids family member 6.

Figure 2. Histological detection of Elovl6 protein in breast cancer cells.
Lower panel, hematoxylin; upper panel, Elovl6 stain. Scale bars, 500 gm
(left) and 100 ym (right). Elov16, elongation of long-chain fatty acids family
member 6.

recurrence within 5 years of breast cancer resection. A total of
4/26 (15.4%) patients with positive Elovl6 expression experi-
enced recurrence compared with 4 out of 44 (9.1%) patients
with negative Elovl6 expression (Table IT). The present study
performed Kaplan-Meier survival analysis to estimate the
recurrence-free survival time of patients with Elov16(+)
breast cancer. The results demonstrated that patients with
positive Elovl6 expression had a poorer recurrence-free
survival time compared with patients with negative Elov16
expression (P<0.05) (Fig. 3).

Discussion

It has been reported that obesity increases the incidence,
progression and mortality associated with breast cancer
primarily in postmenopausal women (27,28). A rodent model
study demonstrated that obese animals deposited excess
nutrients into tumors, and increased expression of PR was
positively correlated with glycolytic and lipogenic enzymes
from tumors (15). In a retrospective study in Asia, it was
observed that obese women experience more advanced disease
with higher axillary lymph node ratio and higher stage at
diagnosis (16). The present study identified that Elovl6, a key
enzyme involved in the lipogenesis pathway, functioned as a
novel prognostic factor in breast cancer and was correlated with
nodal metastasis. These findings support a previous hypothesis
suggesting that the activation of fatty acid synthesis is required
for tumor survival and carcinogenesis. Enzymes implicated in
fatty acid synthesis may serve as a rational therapeutic target
for cancer treatment (29). Due to the limited number of study
samples, the present study is unable to clarify the prognostic
role of Elovl6 in hormone positive breast cancer. Therefore,
further studies with larger sample sizes are warranted.
Lipogenesis is considered as a potential target for the treat-
ment of cancer and several enzymes involved in this process
have been considered as therapeutic targets. The regulation of
FAS in cancer was initially investigated in the 1980s in human
breast cancer cells expressing functioning ERs and PRs (30).
High expression of FAS has been associated with a greater risk
of breast cancer-associated mortality, which has resulted in the
investigation of FAS as a chemotherapy target (31). Orlistat,
an inhibitor of FAS, was originally regarded as an antiobesity
drug, but has now been identified to exert anticancer activity
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Table I. Association between Elovl6 expression and clinico-
pathological characteristics.
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Table II. Breast cancer recurrence rate at 5 years post-resection.

5-year disease

Characteristic N* Elovl6 (+)® Elovl6 (-)° P-value  Characteristic N recurrence rate, % (n)

Tumor size 0.239 All tumors 70 114 (8)
<2 cm 30 14 16 Elovl6(+) 26 154 4)
>2 cm 40 12 28 Elovl6(-) 44 9.1 (4)

Node involvement 0.018 ER(+) tumors 40 7.5 (3)
Positive 29 16 13 Elovl6(+) 17 11.8 (2)
Negative 41 10 31 Elovl6(-) 23 43 (1)

Stage 0.298 PR(+) tumors 40 10 (4)

I 23 11 12 Elovl6(+) 18 11.1 (2)
I 35 13 22 Elovl6(-) 22 9.1 (2)
11T 12 2 10 ) ) ) _

Grade 0295 Elovl1e6, elongatl(?n of long-chain fatty acids family member 6; ER,

estrogen receptor; PR, progesterone receptor.
I 18 7 11
I 37 14 23
11T 15 5 10

ER 0412 1.0 = p=0.045 1.0 p=0.112
Positive 0 17 23 TL'—L_LL 1}:‘_::;_11_

. 0.9+ L 0.9 |
Negative 30 9 21 P e
- | =
PR 0.186 E g T mem— %”‘
Positive 40 18 22 z z
£ 0.7 E0.7+
Negative 30 8 22 o o

HER2 0.960 67 Elov16 6] Elov16
Positive 28 10 18 ol —Posive | sl i
Negative 42 16 26 0 20 40 6 s 100 20 40 60 80 100

Diabetes 0915 Recurrence free survival (month) Overall survival (month)
Positive 17 6 11 Figure 3. Survival in Elovl6(+) and Elovl6(-) breast cancer tissues as deter-
Negative 33 20 33 mined by Kaplan-Meier survival analysis. Elov16, elongation of long-chain

fatty acids family member 6.

Overweight 0.062
Positive 24 13 11
Negative 46 13 33

“Total number of tumors = 70; total Elov16(+) tumors = 26; ‘total
Elov16(-) tumors = 44. Elov16, elongation of long-chain fatty acids
family member 6; ER, estrogen receptor; PR, progesterone receptor;
HER2, human epidermal growth factor receptor 2.

in oral squamous cell carcinoma (32). Aside from extensive
studies examining insulin resistance and lipogenesis, a limited
amount of research has focused on the role of Elovl6 in cancer
biology. In a study investigating pediatric primary central
nervous system germ cell tumors, the expression of Elovl6
mRNA was observed to be abundant in germinoma (33).
To analyze the oncogenic role of Elovl6, a phosphatase and
tensin homolog-null mouse model demonstrated that Elovl6
expression was significantly higher in HCC tissue compared
with adjacent NASH liver tissue (24). Among the enzymes
involved in de novo lipogenesis, inhibition of ATP citrate lyase
(ACLY) results in apoptosis and growth suppression in human
cancer cells (34). In addition, ACLY depletion induces phos-
phorylation of AMP-activated protein kinase and coincides
with Elov16 downregulation (35). Notably, it was reported that

diethylnitrosamine-induced carcinogenesis, which mimics
inflammatory events in early hepatocarcinogenesis, increased
C18/C16 ratio and hepatic lipids. To clarify the emerging role
of Elovl6 in cancer biology, a recent study analyzed human
liver samples from patients with NASH or NASH-related
HCC (36). The results demonstrated that the NASH and
NASH-related HCC tissues exhibited an elevated expression
of Elovl6 (36). When combined, these results suggest that
Elovl6 may be regarded as an oncogenic protein in the process
of lipogenesis.

Elovl6 deficiency reduces SREBP-1 and peroxisome
proliferator-activated receptor o, in addition to altering hepatic
fatty acid composition. Elovl6 knockout mice are unique as
their insulin resistance increases without amelioration of
hepatosteatosis and obesity (37). This emphasizes the impor-
tance of tissue fatty acid composition in insulin sensitivity,
which may be controlled by Elovl6 activity (37). A novel,
selective and potent active inhibitor for mammalian Elovl6 has
been identified. In a previous study, chronic treatment with an
oral inhibitor of Elovl6 in animals with diet-induced obesity
resulted in a reduction in hepatic fatty composition (38).
However, the same inhibitor failed to improve insulin sensi-
tivity via Elovl6 inhibition in several other animal models (38).
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Based on the implication of Elovl6 expression in breast cancer,
further studies are required to evaluate the therapeutic poten-
tial of Elovl6 inhibition in breast cancer treatment.

In conclusion, the present study demonstrated that Elovl6,

a microsomal enzyme that regulates fatty acid metabolism
and insulin sensitivity, was associated with a poor outcome in
patients with operable breast cancer. In addition, the overex-
pression of Elovl6 was associated with malignant involvement
of regional lymph nodes and shorter recurrence free survival.
These results suggest that Elovl6 may function as a prognostic
predictor in human breast cancer and may hold promise as a
potential strategy for cancer chemoprevention and treatment.
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