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ABSTRACT

Background. Adipose tissue is an endocrine organ that could
play a role in tumor progression via its secreted adipokines. The
role of adipose-derived fatty acid-binding protein (FABP) 4 and
FABP5 in breast cancer is presently under study, but their circu-
lating levels in this pathology are poorly known. We analyzed
the blood concentrations of FABP4 and FABP5 in breast cancer
patients to determine whether there is an association between
them and breast cancer.
Materials and Methods. We studied 294 women in the oncol-
ogy department with a family history of breast cancer; 198 of
the women had breast cancer, and 96 were healthy controls.
The levels of FABP4, FABP5, lipid profile, standard biochemical
parameter, and high-sensitivity C-reactive protein (hsCRP) were
determined. We analyzed the association of FABP4 and FABP5
with breast cancer, while adjusting for demographic, anthropo-
metric, and biochemical parameters.
Results. Breast cancer patients had a 24.8% (p < .0001) and
11.4% (p < .05) higher blood concentration of FABP4 and
FABP5, respectively. Fatty acid-binding protein 4 was posi-
tively associated with age, body mass index (BMI), FABP5,
very-low-density lipoprotein cholesterol (VLDLc), non-high-
density lipoprote in cholesterol (non-HDLc), Apolipoprotein
B 100 (ApoB100), triglycerides, glycerol, glucose, and hsCRP

(p < .05), and was negatively associated with HDLc (p < .005)
in breast cancer patients. Fatty acid-binding protein 5 was
positively associated with BMI, FABP4, VLDLc, triglycerides,
glycerol, and hsCRP (p < .05), and was negatively associated
with HDLc and Apolipoprotein AI (ApoAI) (p < .05) in breast
cancer patients. Using a logistic regression analysis and
adjusting for age, BMI, hsCRP, non-HDLc, and triglycerides,
FABP4 was independently associated with breast cancer
(odds ratio [OR]: 1.091 [95% CI: 1.037–1.149]). Moreover,
total cholesterol, VLDLc, non-HDLc, ApoB100, triglycerides,
and hsCRP were significantly increased in breast cancer
patients (p < .005). In contrast, the non-esterified fatty acids
concentrations were significantly decreased in breast can-
cer patients (p < .05).
Conclusion. Circulating FABP4 and FABP5 levels were increased
in breast cancer patients compared with controls. The positive
association of FABP4 with breast cancer was maintained after
adjusting for important covariates, while the association with
FABP5 was lost. Our data reinforce the role of adipose tissue
and their adipokines in breast cancer. Despite these data, fur-
ther studies must be performed to better explain the prognosis
or diagnostic value of these blood parameters and their possi-
ble role in breast cancer.The Oncologist 2017;22:1309–1315

Implications for Practice: We focus on the effect of adipose tissue on cancer, which is increasingly recognized. The association
between adipocyte-derived adipokines and breast cancer opens new diagnosis and therapy perspectives. In this study, we provide
original data concerning FABP4 and FABP5 plasma concentrations in breast cancer patients. Compared to control group, breast
cancer patients show higher FABP4 and FABP5 blood levels. Our data suggest that, particularly, circulating FABP4 levels could be
considered a new independent breast cancer biomarker. Our work translates basic science data to clinic linking the relationship
between adipose tissue and lipid metabolism to breast cancer.
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INTRODUCTION

Breast cancer is the most frequent cancer in women in devel-
oped countries. Although the mortality rate is decreasing, it
remains the most common cause of cancer death in women [1].

Epidemiological studies have demonstrated that patients
with diabetes, metabolic syndrome, overweight, and obesity
have an increased risk of breast cancer [2–5].

During the last decade, several studies have indicated that
the adipose tissue itself is an endocrine organ that could play a
role in tumor growth or differentiation by its secreted adipo-
kines [6]. In addition to exerting these local biological effects,
adipokines circulate in the plasma and can perform their effects
on distant organs [7]. Thus, emerging research has also begun
to focus on the role of these circulating adipocyte-secreted fac-
tors in breast cancer [3, 5, 8].

The fatty acid-binding protein (FABP) family is a group of
small proteins that act as intracellular fatty acid transporters
[9]. Fatty acid-binding proteins are implicated in the uptake and
intracellular storage of fatty acids and the regulation of gene
expression, cell proliferation, and differentiation [10]. One
member of this family, FABP4, also known as aFABP and aP2, is
a low-molecular-weight intracellular lipid transport protein,
which transports long-chain fatty acids and various other
hydrophobic ligands. Fatty acid-binding protein 4 was described
to be expressed by adipocytes and macrophages, although it is
also expressed in small quantities in other cell types and
tumors [10]. Another interesting member of this family is epi-
dermal fatty acid-binding protein 5 (FABP5). Fatty acid-binding
protein 5 is expressed in the skin, liver, brain, mammary glands,
and, importantly, in adipocytes and macrophages [10], suggest-
ing a coordinated effect with FABP4 [11].

We and other groups have described that circulating FABP4
levels are increased in metabolic pathologies, such as obesity,
metabolic syndrome, and type 2 diabetes, and the FABP4 levels
could be a useful circulating biomarker for these and other
pathologies [12–14]. The data about circulating FABP5 and its
clinical implications are more limited. The FABP5 concentration
is associated with obesity and metabolic disorders in animal
models [15], and some studies have suggested an association
of FABP5 with metabolic risk [11, 16]. Nothing is known about
circulating FABP5 and breast cancer.

Regarding the possible function of these FABPs in breast
cancer, it has been described that exogenous FABP4 (eFABP4)
controls the cell proliferation and migration of human smooth
muscle cells from the coronary artery [17]. Exogenous FABP4
activates the cell proliferation of breast cancer cells and induces
FABP5 and cluster of differentiation 36 (CD36) expression in
MCF7 cells [18]. Moreover, the overexpression of human epi-
dermal growth factor receptor 2 (HER2) increases FABP4 levels
[19], and FABP4 expression is high in HER2-positive breast
tumors [20]. These results suggest a role for circulating FABP4
in breast cancer. In fact, high circulating FABP4 levels are associ-
ated with obesity, breast cancer risk, and adverse tumor charac-
teristics [21].

However, FABP5 plays a key role in breast cancer, function-
ing in proliferation pathways, retinoic acid-resistant pathways,
and the enhancement of epidermal growth factor receptor
(EGFR) stability [22–29]. Despite these data, little is known
about the circulating levels of FABP4 and FABP5 in breast

cancer. Given the various aforementioned functions of FABP4
and FABP5, these proteins could be very good targets for the
prevention or treatment of some types of cancer [30].

We studied the association of the plasma levels of FABP4
and FABP5 with the presence of breast cancer and determined
whether these levels are linked to breast cancer. We hypothe-
sized that circulating FABP4 and FABP5 may be a breast cancer
biomarker.

MATERIALS AND METHODS

Studied Population
We studied individuals who visited the oncology department of
our hospital for breast cancer diagnostics. Breast cancer
patients were selected from families undergoing genetic testing
at the Genetic Counselling Unit of the South Catalonian Oncol-
ogy Institute and were non-carriers of their familial BRCA1 or
BRCA2 gene mutations. All patients were analyzed in the same
group regardless of tumor stage and histological subtype. Con-
trol subjects were healthy individuals of the same cohort: non-
carriers of BRCA1 and BRCA2 gene mutations. Two hundred
ninety-four individuals were included in this study comprising
breast cancer patients (n 5 198) and control subjects (n 5 96).
Anamnesis and physical examination data were recorded. The
Hospital Ethical Committee approved the project (reference
number: 99-05-20/04-5), and all of the patients provided their
written consent to participate in the study and agreed with the
publication of the results.

The body mass index (BMI) was calculated as the body
weight (kg) divided by the body height squared (m2).

Blood Sample Collection and Storage
A blood sample was obtained after overnight fasting. Plasma
aliquots were prepared and stored at 2808C in the Biobank-
Institut d’Investigaci�o Sanit�aria Pere Virgili (IISPV) (recognized
in the National Biobank Network Instituto de Salud Carlos III
(ISCIII)) of our center until further use. The blood samples were
taken before any treatment.

Biochemical Analysis
The levels of plasma glucose, total cholesterol, high-density lip-
oprotein cholesterol (HDLc), low-density lipoprotein cholesterol
(LDLc), very-low-density lipoprotein cholesterol (VLDLc), triglyc-
erides, ApoB100, ApoAI, high-sensitivity C-reactive protein
(hsCRP), and non-esterified fatty acids (NEFA) were analyzed
using standard enzymatic and colorimetric techniques (Spin-
react, S.A., Girona, Spain, http://www.spinreact.com; Wako
Chemicals GmbH, Neuss, Germany, http://www.wako-chemi-
cals.de; Polymedco, Cortlandt, NY, http://www.polymedco.
com; coefficient of variation (CV), 4%) adapted to a Cobas Mira
Autoanalyzer (Roche Diagnostics, Sant Cugat del Vallès, Spain,
http://www.roche.es). The lipid profile was analyzed according
to Spintrol ‘‘H’’ CAL and GC-MS reference methods. Spintrol
‘‘H’’ Normal was used as a quality control. Fatty acid-binding
protein 4 and FABP5 were evaluated using a commercial ELISA
kit (Biovendor, Brno, Czech Republic, http://www.biovendor.
com; CV, 5%). Moreover, we analyzed free glycerol using the
glycerol detection kit (Zenbio, Tebu-Bio, Barcelona, Spain,
http://www.zen-bio.com).
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Statistical Analysis
The results were expressed as the mean6 standard deviation
(SD) for normally distributed data, the median (interquartile
range) for data that were not normally distributed, and fre-
quencies for categorical data. The differences between groups
were assessed using Student’s t test, the Mann-Whitney U test,
or chi-square tests. Correlations were performed using the
Spearman’s test. Multiple linear regression analysis using the
enter method was used to test the association of the FABP4
and FABP5 concentrations with breast cancer, age, BMI, hsCRP,
non-HDLc, and triglycerides. Binary logistic regression analysis
with enter method was used to calculate the odds ratio (OR) of
serum FABP4 and FABP5 for their association with the presence
of breast cancer.

Statistical analyses were performed using SPSS software
(IBM SPSS Statistics, version 20.0, North Castle, New York,
http://www.ibm.com). A p value <.05 was considered to be
statistically significant in all analyses.

RESULTS

Table 1 shows the clinical and demographic characteristics of
our cohort of 198 patients and 96 controls.We found a statisti-
cally significant difference in the menopause status of control

women (35.9%) compared with breast cancer patients (20.7%,
p< .05). The median age of our breast cancer population was
44 years (range: 37–50 years; p 5 .062; non-significant (n.s))
and the BMI was 25.0 (range: 22.9–28.6; p 5 .078; non-signifi-
cant (n.s)). Additionally, we found no significant differences in
number of children, age of menarche, smoke, hypertension,
type 2 diabetes, and obesity.

Regarding lipid parameters, total cholesterol, VLDLc, non-
HDLc, ApoB100, and triglycerides were significantly increased
in breast cancer patients (p< .005). The glycerol concentration
was increased in breast cancer patients compared with that in
control women (58.93 [44.64–83.93] mM vs. 53.57 [42.86–
73.21] mM; p 5 .059; n.s.), but this increase was not significant.
Non-esterified fatty acids concentrations were significantly
decreased in breast cancer patients (351 [231–592] mmol/L
compared with 478 [288–646.5] mmol/L in healthy women;
p< .05). Moreover, the hsCRP levels were higher in breast can-
cer patients than in the control cohort (0.56 [0.16–1.57] mg/L
vs. 0.35 [0.10–0.81] mg/L, respectively; p< .001).We found no
differences in glucose concentration.

Interestingly, breast cancer patients had a mean increase of
24.8% (p< .0001) in FABP4 and 11.4% (p< .05) in FABP5 (Fig.
1) compared with controls. Fatty acid-binding protein 4

Table 1. Characteristics of the study group

Study group data
Control (n 5 96),
n (range)

Breast cancer
(n 5 198),
n (range) p value

Clinical data

Age (years) 48 (38–58) 44 (37–50) .062

Number of children 2 (1–2) 2 (1–2) .520

Menarche (years) 12 (11–13) 12 (12–14) .218

Menopause (yes, %) 35.9 20.7 <.05

Smoke (yes, %) 35.7 33.6 .875

BMI (kg/m2) 24.0 (21.9–28.1) 25.0 (22.9–28.6) .078

Hypertension (yes, %) 10.1 17.0 .183

Type 2 diabetes (yes, %) 20.8 20.6 .329

Obesity (yes, %) 12.3 18.9 .270

Biochemical data

Total cholesterol (mmol/L) 4.966 0.90 5.406 0.99 <.001

HDLc (mmol/L) 1.65 (1.40–1.88) 1.65 (1.39–1.91) .844

LDLc (mmol/L) 3.255 (2.65–3.81) 3.21 (2.56–3.97) .899

VLDLc (mmol/L) 0.41 (0.31–0.67) 0.55 (0.40–0.79) <.001

Non-HDLc (mmol/L) 3.266 0.81 3.716 0.92 <.0001

ApoAI (mg/dL) 140 (126–161) 147 (130–165) .174

ApoB100 (mg/dL) 93.26 21.7 101.86 23.0 <.05

Triglycerides (mmol/L) 0.91 (0.69–1.49) 1.25 (0.90–1.77) <.001

Glycerol (mM) 53.6 (42.9–73.2) 58.9 (44.6–83.9) .05

NEFA (mmol/L) 478 (288–646) 351 (231–592) <.05

Glucose (mg/dL) 90.5 (79.5–101.5) 94.0 (82.0–105.0) .148

hsCRP (mg/L) 0.355 (0.10–0.81) 0.56 (0.16–1.57) <.001

Data are expressed as median (IQR) for non-normally distributed data, the mean6 SD for normally distributed data, or percentages for categorical
variables. The statistical tests used were Student’s t test (for data that were normally distributed), Mann-Whitney U test (for data that were not
normally distributed), or chi-square tests (for data gathered as categorical variables).
Abbreviations: ApoAI, apolipoprotein AI; ApoB100, apolipoprotein B100; BMI, body mass index; HDLc, high-density lipoprotein cholesterol; hsCRP,
high-sensitivity C-reactive protein; IQR, interquartile range; LDLc, low-density lipoprotein cholesterol; NEFA, non-esterified fatty acids; Non-HDLc,
non-high-density lipoprotein cholesterol; SD, standard deviation; VLDLc, very low-density lipoprotein cholesterol.
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remained significant after adjusting for age, BMI, total choles-
terol, triglycerides, NEFA, and hsCRP (p< .0001). When we
added menopause status, the difference in FABP4 remain sig-
nificant (p< .001). By contrast, the FABP5 differences were lost
after adjusting for these variables (p 5 .323). When we strati-
fied by molecular subtype or stage, FABP4 was significantly
increased in patients with luminal A and B breast cancer

subtype with respect to control group (p 5 .026 and p 5 .005,
respectively). Moreover, a significant increase in FABP4 was
observed in stage II and III with respect to control group
(p 5 .001 and p 5 .005, respectively).

Table 2 shows the correlations between the FABP4 plasma
concentrations and biochemical data in breast cancer patients
and control women. Fatty acid-binding protein 4 was signifi-
cantly positively associated with age, BMI, FABP5, total choles-
terol, LDLc, VLDLc, non-HDLc, ApoB100, triglycerides, glycerol,
and hsCRP (p< .05) in control population. When we studied
the correlation in the breast cancer group, the significant asso-
ciation between FABP4 and total cholesterol and LDLc was lost.
Interestingly, the significant negative correlation of FABP4 and
HDLc (r 5 –.203; p< .005) and the significant positive associa-
tion with glucose (r 5.181; p< .05) was only observed in
breast cancer patients.

Table 3 shows the correlations between FABP5 plasma con-
centrations and biochemical data in breast cancer and control
women. Fatty acid-binding protein 5 was significantly positively
associated with age, BMI, FABP4, LDLc, VLDLc, non-HDLc,
ApoB100, triglycerides, and glycerol (p< .05) in control popula-
tion. When we studied the correlation in the breast cancer
group, the significant association between FABP5 and age,
LDLc, non-HDLc, and ApoB100 was lost. Interestingly, the signif-
icant negative correlation of FABP5 and HDLc (r 5 –.213;
p< .001), ApoAI (r 5 –.170; p< .05) and the significant posi-
tive association with hsCRP (r 5.276; p< .0001) was only
observed in breast cancer patients.

To further explore the relationship between FABP4 and
breast cancer, a linear regression model was generated (Table 4

Figure 1. FABP4 and FABP5 plasma concentrations in breast cancer
patients and control women. The white bars represent FABP4 levels
(ng/mL), and the black bars represent FABP5 levels (ng/mL). The bars
depict the mean and standard error of the mean. A p value <.05
was considered to be statistically significant. Mann-Whitney U test.
Abbreviations: BC, breast cancer; FABP, fatty acid-binding protein.

Table 2. Spearman correlation of clinical and biochemical
variables with plasma levels of FABP4

Variable
Control
(n 5 96) p value

Breast cancer
(n 5 198) p value

Age 0.402 <.0001 0.157 <.05

Menarche 20.021 .872 20.068 .407

BMI 0.452 <.0001 0.491 <.0001

FABP5 0.389 <.0001 0.355 <.0001

Total cholesterol 0.374 <.0001 0.057 .428

HDLc 0.019 .858 20.203 <.001

LDLc 0.335 <.001 0.077 .286

VLDLc 0.419 <.0001 0.314 <.0001

Non-HDLc 0.376 <.0001 0.135 <.05

ApoAI 0.044 .681 20.097 .175

ApoB100 0.398 <.0001 0.153 <.05

Triglycerides 0.419 <.0001 0.320 <.0001

Glycerol 0.270 <.05 0.287 <.0001

NEFA 0.106 .314 0.139 .053

Glucose 0.073 .489 0.181 <.05

hsCRP 0.514 <.0001 0.373 <.0001

Abbreviations: ApoAI, apolipoprotein AI; ApoB100, apolipoprotein
B100; BMI, body mass index; FABP, fatty acid-binding protein; HDLc,
high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive
protein; LDLc, low-density lipoprotein cholesterol; NEFA, non-
esterified fatty acids; Non-HDLc, non-high-density lipoprotein choles-
terol; VLDLc, very low-density lipoprotein cholesterol.

Table 3. Spearman correlation of clinical and biochemical
variables with plasma levels of FABP5

Variable
Control
(n 5 96) p value

Breast cancer
(n 5 198) p value

Age 0.217 <.05 0.082 .256

Menarche 0.083 .511 0.048 .561

BMI 0.367 <.001 0.251 <.001

FABP4 0.389 .0001 0.355 .0001

Total
cholesterol

0.191 .063 20.019 .785

HDLc 20.083 .420 20.213 <.001

LDLc 0.209 <.05 20.033 .641

VLDLc 0.285 <.05 0.193 <.05

Non-HDLc 0.266 <.05 0.060 .397

ApoAI 20.078 .455 20.170 <.05

ApoB100 0.240 <.05 0.059 .407

Triglycerides 0.285 <.001 0.206 <.001

Glycerol 0.275 <.001 0.240 <.001

NEFA 0.069 .504 0.043 .546

Glucose 0.081 .435 20.076 .289

hsCRP 0.185 .071 0.276 .0001

Abbreviations: ApoAI, apolipoprotein AI; ApoB100, apolipoprotein
B100; BMI, body mass index; FABP, fatty acid-binding protein; HDLc,
high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive
protein; LDLc, low-density lipoprotein cholesterol; NEFA, non-esterified
fatty acids; Non-HDLc, non-high-density lipoprotein cholesterol; VLDLc,
very low-density lipoprotein cholesterol.
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and supplemental online Table 1). The significant direct relation
between FABP4 and breast cancer remained robust after addi-
tional adjustment for the following covariates (model 6): age,
BMI, hsCRP, non-HDLc, and triglycerides (r25 .331, p< .0001).
No significant association was found between FABP5 and breast
cancer after the multiple adjustment (Table 4 and supplemental
online Table 1).

Table 5 depicts the OR for FABP4 and FABP5 and selected
covariates in breast cancer patients compared with those in
control women. The FABP4 concentration was associated with
a higher risk of breast cancer after adjusting for age, BMI, non-
HDLc, and triglycerides (OR: 1.091 [95% CI: 1.037–1.149]). Con-
versely, the FABP5 concentration was not associated with an
increased likelihood of having breast cancer (OR: 1.035 [95% CI:
0.938–1.141]). Age and non-HDLc also showed a significant
association with breast cancer risk.

DISCUSSION

In this study, we evaluated the FABP4 and FABP5 plasma con-
centrations in breast cancer patients. Our main conclusions are
that FABP4 and FABP5 are higher in breast cancer patients. This
association remained significant after adjusting for BMI, total

cholesterol, triglycerides, NEFA, hsCRP, age, and menopause,
but the association was lost in the case of FABP5. The FABP4
results are in agreement with previous findings from Hancke
et al. [21]. They described that FABP4 was associated with
breast cancer risk, and breast cancer patients with high serum
levels of FABP4 had a worse prognosis in populations of post-
menopausal women. They focused their study on postmeno-
pausal and obese women, but we extended this observation in
our populations of 80% premenopausal patients. Moreover,
they showed significantly higher serum FABP4 levels in obese
than in nonobese breast cancer patients and controls, inde-
pendent of menopausal status [21]. Our results provide a new
viewpoint to previous ones because our FABP4 association
with breast cancer was independent of BMI. Despite these
data, there are no other reports describing the association of
circulating FABP4 and breast cancer or even other cancer types.
Furthermore, some recent publications have addressed the
possible function of FABP4 in breast cancer [18–20, 31–33],
suggesting a putative role for this molecule in this pathology.
These results are emerging with an exciting role for circulating
FABP4 in breast cancer progression because circulating FABP4
would play a role in either fatty acid transport or activating key
survival and proliferation pathways.

Although some publications also described the cellular role
of FABP5 in breast cancer, there are no studies on circulating
FABP5 and breast cancer. The role of circulating FABP5 in breast
cancer could be important considering that FABP5 has some
important functions in breast cancer, such as its participation in
proliferation pathways, retinoic acid-resistant pathways, and
EGFR stability [22–29]. To our knowledge, this is the first paper
describing the increased levels of circulating FABP5 in breast
cancer patients. Moreover, we described that the association
of FABP5 with breast cancer is lost after adjusting for BMI, total
cholesterol, triglycerides, NEFA, hsCRP, age, and menopause.
This suggests a cooperative mechanism between these risk fac-
tors and FABP5.

Moreover, total cholesterol, VLDLc, non-HDLc, ApoB100,
and triglycerides are increased in our cohort of breast cancer
patients. Moreover, non-HDLc was associated with breast can-
cer risk in the logistic regression model. These results agree
with previous results in other populations [34–36]. However,
we found no significant difference in the HDLc or LDLc levels.
There are some controversial results concerning HDLc and LDLc

Table 4. Linear regression analysis of FABP4 and FABP5 with breast cancer

FABP4 FABP5

Model Beta r
2

p value Beta r
2

p value

Model 1: BC (crude) 4.86 .06 <.0001 0.88 .01 <.05

Model 2: BC1 age 5.89 .13 <.0001 0.89 .04 <.05

Model 3: BC1 age1 BMI 4.80 .28 <.0001 0.68 .06 .148

Model 4: BC1 age1 BMI1 hsCRP 4.29 .32 <.0001 0.62 .06 .185

Model 5: BC1 age1 BMI1
hsCRP1 non-HDLc

4.16 .32 <.0001 0.58 .08 .230

Model 6: BC1 age1 BMI1
hsCRP1 non-HDLc1 TG

3.95 .33 <.0001 0.48 .08 .319

Beta unstandardized coefficients for breast cancer.
Abbreviations: BC, breast cancer; BMI, body mass index; FABP, fatty acid-binding protein; hsCRP, high-sensitivity C-reactive protein; Non-HDLc,
non-high-density lipoprotein cholesterol; TG, triglycerides.

Table 5. Logistic regression analysis for variables predicting
breast cancer

Variable OR 95% CI p value

FABP4 1.091 1.037–1.149 .001

Age 0.941 0.913–0.970 .000

BMI 0.987 0.909–1.072 .76

Non-HDLc 1.755 1.135–2.714 .011

TG 1.416 0.802–2.499 .23

FABP5 1.035 0.938–1.141 .491

Age 0.954 0.928–0.981 .001

BMI 1.038 0.965–1.117 .314

Non-HDLc 1.702 1.13–2.565 .011

TG 1.542 0.887–2.678 .125

Data are presented as OR (95% CI).
Abbreviations: BC, breast cancer; BMI, body mass index; CI, confidence
interval; FABP, fatty acid-binding protein; hsCRP, high-sensitivity C-reactive
protein, Non-HDLc, non-high-density lipoprotein cholesterol; OR, odds
ratio; TG, triglycerides.
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in breast cancer, and more studies should be performed to
define the association between breast cancer and these mole-
cules [20, 33, 37–39].

Because total cholesterol and non-HDLc, but not LDLc or
HDLc, are higher in breast cancer patients in our breast cancer
population, we hypothesize that there is a possibility of a new
role for VLDLc, which is rich in ApoB100 and triglycerides, in
this pathology. In fact, breast cancer patients have higher levels
of VLDLc than control women in our cohort.

Fatty acid-binding protein 4 and FABP5 were highly corre-
lated with hsCRP in our population. Interestingly, FABP5 is asso-
ciated with hsCRP only in our breast cancer population. There
are some controversial results regarding the levels and the pos-
sible role of CRP in breast cancer. In fact, the CRP levels are ele-
vated under specific conditions in breast cancer patients, but
the results are not conclusive [40–42]. In our population, we
found that the CRP levels are higher in breast cancer patients,
implicating a role of inflammation in this pathology. As
described above, FABP4 and FABP5 were also elevated in breast
cancer patients, again supporting the role of inflammation in
our breast cancer population. In fact, it has been described pre-
viously that FABP4 and FABP5 are associated with CRP in some
metabolic pathologies [11, 43], and we describe these new
associations in breast cancer.

Actually, the association between FABP4 and FABP5 and
lipid or inflammation parameters has been shown in other met-
abolic disorders, such as type 2 diabetes, obesity, and metabolic
syndrome [11, 13, 43], but they have not been described in
breast cancer. Moreover, as we showed in the multivariate
analyses, FABP4 is associated with breast cancer after adjusting
for age, BMI, non-HDLc, triglycerides, and hsCRP. Thus, FABP4 is
an independent biomarker for breast cancer despite other met-
abolic parameters. In fact, in the bivariate correlation, we
showed that, in breast cancer patients, FABP4 is associated pos-
itively with age, BMI, FABP5, VLDLc, non-HDLc, ApoB100, tri-
glycerides, glycerol, glucose, and hsCRP, and is negatively
associated with HDLc in our breast cancer population. Fatty
acid-binding protein 5 is associated positively with BMI, FABP4,
VLDLc, triglycerides, glycerol, and hsCRP, and is negatively asso-
ciated with HDLc and ApoAI in our breast cancer population.
This association is lost after adjusting for the covariables
described above, showing a dependent mechanism for FABP5
in breast cancer. Finally, we described that FABP4 increases the
risk of breast cancer, but we could not find significant differen-
ces in FABP5. Obviously, metabolic disorders play important
roles in cancer progression; in our breast cancer cohort, FABP5
lost its association with breast cancer when we corrected for
some metabolic variables. However, to our knowledge, this is
the first time that FABP4 has been described as an independent
biomarker for breast cancer.

These results suggest that FABP4 and FABP5 might act as a
paracrine adipokine and might be two of the molecules key to
understanding the mechanisms underlying the obesity–breast
cancer progression link and the cross-talk between cancer cells
and adipose tissue in non-obese patients.

Our study has some limitations. Our population is a sub-
group of patients belonging to families with a genetic history of
breast cancer. Although these patients are non-carriers of
BRAC1 and BRCA2 mutation, they could have other genetic
alterations that we did not consider. Therefore, this population
can introduce a bias in the interpretation of the results and the
extrapolation for the sporadic breast cancer risk population.
Accordingly, our breast cancer population was younger than
controls, explaining the negative association observed between
age and BC in the regression model. Moreover, we have not
taken into account the different tumor stage and histological
subtypes.

CONCLUSION
The FABP4 and FABP5 concentrations are higher in breast can-
cer patients. Fatty acid-binding protein 4 association was inde-
pendent of age, BMI, lipids, and inflammation status, while
FABP5 association was lost after adjusting, suggesting that
there is a direct impact of high FABP4 concentration on breast
cancer. These results strengthen the role of these adipocyte-
secreted factors on breast cancer. Further research may provide
evidence of the effects of these circulating adipokines on breast
cancer.
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