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Abstract – Objective: Breast cancer is the most common malignancy in women worldwide. It 
would be of great value to have reliable prognostic factors that could help to find patients with high-
est risk of recurrence. Fatty acid binding protein (A-FABP) is recognized to affect insulin sensitivity, 
lipid metabolism, and an inflammatory response associated with atherosclerosis. Circulating A-FABP 
could be involved in the pathogenesis of breast cancer. In this study, we analyzed serum A-FABP levels 
in breast cancer patients to evaluate its function as a prognostic factor in breast cancer.

Patients and Methods: Seventy-nine breast cancer patients who fulfilled the inclusion criteria 
enrolled in the study. Before any adjuvant chemotherapy or surgery, peripheral blood samples were 
collected and serum level of A-FABP was determined by using ELISA kit. The usual breast cancer 
clinical and pathological variables were also collected. All patients were followed up for 5 years 
particularly regarding cancer recurrence and patients’ survival rate.  

Results: Forty-two percent of the patients experienced no recurrence after five years. Cumulative 
risk of recurrence 5 years after the beginning of the study was 0.86. There was no significant correla-
tion between serum level of A-FABP and recurrence rate in 5 years (p=0.925). The mean serum level of 
A-FABP was not significantly correlated with conventional prognostic factors in breast cancer. 

Conclusions: According to the results, the serum levels of A-FABP had no role in prognostic role 
in breast cancer.
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INTRODUCTION
 
Breast cancer is the most prevalent cancer in wom-
en all over the world and its rate has increased dra-
matically from 641,000 cases in 1980 to more than 
1.6 million in 20101. Despite improvements in breast 
cancer screening and therapy, it still kills nearly 
half-a-million women annually, about 90% of whom 
die from distant metastases. Therefore, there is great 

interest in the identification of new cellular and 
molecular mechanisms that mediate breast cancer 
growth and metastasis. Even though widely acces-
sible prognostic factors include pathology criteria 
such as lymph node and estrogen receptor (ER) sta-
tus, tumor size, and histologic grade, these factors 
do not predict correctly exact clinical result prob-
ably because of heterogeneity of breast cancers2. 
So, more examination of the molecular mechanisms 
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and Oncology Department of Ghaem Hospital af-
filiated to Mashhad University of Medical Scienc-
es (Iran). The study protocol was confirmed by the 
local Ethics Committee of Mashhad University of 
Medical Sciences (code: 85169). All participants 
signed written consent forms.

Study protocol

A questionnaire containing demographic data and 
patients’ characteristics (including age, weight, 
height, family history of cancer, age at first preg-
nancy), pathological findings (including histologic 
grade, lymph node involvement, and metastasis) and 
cytology (including steroid receptor, HER2, P53and 
Ki67 status) was completed for all patients.

Ten milliliters of peripheral blood were collected 
from all patients and centrifuged at 10000 rpm for 
10 minutes. The plasma fraction was separated and 
stored at -70°C until required for analysis. Patients 
were evaluated for recurrence every 6 months by 
clinical oncologist for 5 years and at each follow-up 
session physical examination and, if necessary, 
mammography or ultrasound and CT scan and also 
laboratory tests were performed.

Determination of human A-FABP 
serum concentration

Serum level of human A-FABP was measured with 
an enzyme-linked immunosorbent assay (ELISA) 
kit (BioVendor, Tokyo, Japan); each assay was cali-
brated using A-FABP standard curve following the 
manufacturer‘s instructions. The kit was kept at a 
temperature of 2-8°C before its application.

Sample size

Based on available data from the previous pilot 
study which is reported σ (risk rate) 1.5593, assum-
ing α error of 5%, and study power of 80% (β = 
0.20), the calculated sample size was 80 according 
to the following formula:

N =2(z1-α/2+z1-β)2/(Ln σ)2
 

Statistical Analysis

Statistical analysis was carried out by SPSS16 
(SPSS Inc., Chicago, IL, USA). Kaplan-Meier meth-
od was used to estimate patients’ survival and haz-
ard estimation. Moreover, for investigation of the 
relationship between breast cancer risk factors and 

underlying the breast tumorigenesis and identifica-
tion of the potential biomarkers in different types of 
breast cancers will extremely help clinical diagnosis 
and facilitate the choice of more effective personal-
ized therapies to augment patient survival3.

Fatty acid binding proteins (FABPs) consist of 
a family of cytosolic proteins that coordinate lip-
id transport and responses4. FABP members show 
tightly adjusted patterns of tissue distribution, such 
as adipose tissues FABP (A-FABP) and epidermal 
FABP (E-FABP) in the skin, offering several roles 
for each type of FABPs in different tissues and cells5.

Adipose tissue plays a key role in cancer pro-
gression not only in obese patients but also in oth-
er ones. Understanding its biology in the context 
of microenvironmental tumour tissue will allow 
us to identify new therapeutic targets. Adipokines 
provided by adipose tissue have an important role 
in cancer initiation and progression. The A-FABP 
including FABP4 and FABP5 are implicated in tum-
origenesis in different cancer types, including glio-
ma and breast, prostate, colorectal, oral, and ovarian 
cancers.

FABP4 (also known as aP2) is highly expressed 
by adipocytes, macrophages, and dendritic cells. 
Although the function of FABP4 in cancer is still 
uncertain, it has been reported to be highly ex-
pressed by human tumors such as ovarian and blad-
der cancers6.

A-FABP is recognized to affect insulin sensitivi-
ty, lipid metabolism, and an inflammatory response 
associated with atherosclerosis, and circulating 
A-FABP could be involved in the pathogenesis of 
breast cancer.

In this study, we analyzed serum A-FABP levels 
in breast cancer patients to evaluate its function as a 
prognostic factor in breast cancer.

PATIENTS AND METHODS

Study population

Patients with diagnosis of breast cancer based on 
clinical and preclinical data who met the inclusion 
criteria consisting of age between 25 and 70 years 
and non-metastatic breast cancer, were enrolled in 
the study. Patients with autoimmune disease, ma-
lignancies other than breast cancer, hypertension, 
cardiovascular disease, diabetes, liver disease, and 
cerebral ischemia were excluded.

Ethics

This is a clinical study conducted from April 2005 
to July 2014 at the Cancer Institute, Omid Hospital 
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Evaluation of survival and hazard function

By using Kaplan-Meier method, it can be estimated 
that 42% of the patients experienced no recurrence 
after five years. Figure 1 shows five-year survival 
and annual recurrence rate for study population. 
Cumulative risk of recurrence 5 years after diagno-
sis of breast cancer was 0.86 (Figure 2).

Evaluation of the correlation between 
recurrence and five-year survival 
with breast cancer risk factors and 
serum A-FABP in study population

After performing collinearity test, affecting fac-
tors in Cox regression model were identified and 
entered in a Cox regression model. These include 
factors such as age, BMI, family history, stage of 
breast cancer, estrogen receptor-positive, age at first 
pregnancy, number of pregnancies and HER2 and 
Ki67 and P53 status. General appropriateness of the 
model was evaluated based on Enter method, which 
was statistically significant (p=0.037).

serum biomarkers, Cox regression model was used. 
It should be noted that in all analysis p<0.05 was 
considered statistically significant.

RESULTS

Characteristics of the study Population

Seventy-nine eligible patients according to the in-
clusion criteria completed the study. All patients 
admitted in this study were diagnosed with nonmet-
astatic breast cancer and invasive ductal carcinoma 
(IDC) was the most common type of malignancy in 
patients. About half of patients was diagnosed with 
histologic stage 2 of breast cancer. The most com-
mon chemotherapy regimen administered to pa-
tients was “Adriamycin, Cyclophosphamide-Pacli-
taxel” (AC-Taxol) (44.3%). The mean age of patients 
admitted to the study was 46.47±9.39 years old and 
all patients were females. Demographic character-
istics, risk factors for breast cancer and prognostic 
factors related to breast cancer are summarized in 
Tables 1 and 2.

TABLE 1. Demographic data, characteristics and risk factors of study population.

Demographic characteristics

Gender (female) (%) 100
Height (cm) 153.98±6.451 (138-173)2

Weight (kg) 68.12±13.051 (42-104)2

Age (years) 46.47±9.391 (27-70)2

BMI1 (kg/m2) 28.83±5.801 (14-46.5)2

A-FABP (pg/mL) 18.82±6.99

Risk factors

BMI>30 (%) 48.1
Family history of breast cancer (%) 19
Age at first pregnancy (years) 20.67±5.341 (15-37)2

Type of Breast Cancer (%)
 IDC2 89.3

 Others 10.7
 AC-Taxol3 44.3

Type of chemotherapy (%)
 CAF4 32.9

 CSF5 21.5
 None 1.3
Number of chemotherapy sessions (N) 5c (0-8)
Radiation dose (Gy) 5267±457a (4600-6400)b

Co-treatment with radiotherapy (%) 84.8
Trastuzumab administration (%) 8.9

Abbreviations: 1BMI: body mass index; 2IDC: invasive ductal carcinoma; 3AC-taxol: adriamycin, cyclophosphamide, paclitaxel; 
4CAF: cyclophosphamide, adriamycin, fluorouracil; 5CSF: cytarabine, aclarubicin, g-csf. a) Mean±SD; b) Range; c) Median.
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and tumors. FABP4 is known as a metabolic and 
vascular risk biomarker. FABP4 can exert its met-
abolic action in a paracrine or exocrine manner. In 
fact, high blood levels of FABP4 are connected with 
metabolic diseases, including obesity, metabolic 
syndrome, type 2 diabetes, and atherosclerosis7.

FABP4 has an important role in tumor initia-
tion and progression. It is involved in lipid transfer 
between adipocytes and tumor cells, inducing the 
fatty acid oxidation pathway to fuel tumor growth.

In this study, the A-FABP blood concentration of 
79 patients suffering breast cancer was determined 
and its correlation with risk of a second relapse has 
been evaluated every 6 months for 4 years follow-up. 
Based on our findings, there was not any connec-
tion between serum concentration of A-FABP and 

Table 3 shows the result of the Wald test. Age, 
BMI, positive family history, and number of preg-
nancies were effective on survival rate and other 
variables such as serum A-FABP level had no role 
in regression equation (p=0.925) and there was no 
correlation between these factors and recurrence 
rate or five-year survival.
 

DISCUSSION

FABP4, also known as aFABP and aP2, is a low-mo-
lecular-weight protein that transports long-chain 
fatty acids (LCFAs) and other hydrophobic ligands. 
FABP4 was first described in adipocytes and mac-
rophages, but it is also expressed in other cell types 

TABLE 2. Prognostic factor in study population.

Prognostic factor in study population

 Stage 1 17.1
Stage of the disease (%) Stage 2 55.7
 Stage3 26.6
ER1 negative (%)  30.4%
PR2 negative (%)  35.4%
HER23 negative (%)  82.9%
Ki67 positive (%)  75.8%
P53 positive (%)  61.9%
The largest mean tumor size (cm)  3.28±1.57a (1-8)b

Abbreviations: 1ER: Estrogen receptor; 2PR: Progesterone receptor; 3HER2: Human epidermal growth factor 2 receptor. a) 
Mean±SD; b) Range.

Fig. 1. Kaplan-Meier estimates 
of disease-free survival in pri-
mary breast cancer patients 
(n=79).
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centration of A-FABP. Xu et al8 demonstrated that 
higher A-FABP levels in overweight/obese people 
were significantly associated with insulin resis-
tance, adiposity, dyslipidemia, and glucose intoler-
ance9. A 10-year cohort study in China also found 
that serum A-FABP levels were associated with glu-
cose dysregulation and could predict the develop-
ment of T2DM9.

There is also a relation between serum level of 
A-FABP and heart ischemia. Serum level of A-FABP 
in ischemic patients is significantly higher in compar-
ison with healthy people. Several studies have exam-
ined the connection between the circulating A-FABP 
concentration and future cardiovascular events. 

the second relapse during four years follow-up. To 
the best of our knowledge, no clinical studies have 
considered the relation between A-FABP blood 
concentration and patients’ relapse and survival. 
Moreover, the results of other previous studies were 
controversy. One reason for controversy findings of 
previous studies is ignoring the confounding fac-
tors which are effective on A-FABP serum level.  
The patients suffering diabetes, hypertension and 
ischemic heart disease were removed from this 
study because these aforementioned diseases are 
confounding factors and can affect the serum con-
centration of A-FABP. Previous studies revealed 
that diabetes type 2 (T2DM) intensifies serum con-

Fig. 2. Kaplan-Meier estimates 
of recurrence in primary breast 
cancer patients (n=79).

TABLE 3. Correlation between recurrence rate and five-year survival with breast cancer risk factors.

Variable p-value1 Degree of Standard β Wald statistic
   freedom error 

Age 0.001* 1 0.64 0.21 10.72
BMI 0.02* 1 0.18 0.41 5.42
Family History 0.06 1 1.16 -2.15 3.41
Stage of breast cancer 0.66 1 0.49 -0.22 0.19
ER positive 0.32 1 0.63 0.64 1.03
Age at first pregnancy 0.25 1 0.06 -0.07 1.30
Number of pregnancies 0.002* 1 0.22 -0.65 9.18
P53 0.18 1 0.69 0.93 1.83
HER2 0.63 1 0.54 -0.26 0.23
Ki67 0.11 1 1.16 1.84 2.56
A-FABP 0.643 1 0.005 -0.002 0.208

Abbreviations: BMI: body mass index; ER: estrogen receptor; HER2: Human epidermal growth factor 2 receptor. 1Wald test.
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disease. Other groups reported the usefulness of the 
circulating A-FABP concentration as a prognostic 
biomarker in patients with acute coronary syndrome 
as well as in those with end-stage renal disease. 
Therefore, by eliminating these confounding fac-
tors, we could achieve a more reliable result.  
In some studies, the level of A-FABP mRNA ex-
pression has been compared between normal and 
cancer cells that have reported paradoxical results.

According to Hao et al13, the expression of 
A-FABP in tumor-associated macrophages, pro-
motes breast cancer progression. Although upreg-
ulation of A-FABP was inversely related to breast 
cancer survival, deficiency of A-FABP significantly 
decreased mammary tumor growth and metasta-
sis13. Yet, the important point is that A-FABP is ex-
pressed in fat tissue and then is secreted to the blood 
circulation. So, the level of mRNA may be different 
from the blood level of A-FABP. The next difference 
of our study with other ones is that they have just 
considered the serum level of A-FABP in a specific 
group of breast cancer patients.

Hancke et al14 have studied 200 post-menopause 
women, 159 patients with breast cancer and 41 peo-
ple with benign breast lesions. The concentration of 
A-FABP was higher in women suffering from breast 
cancer with BMI higher than 25 kg/m2. This study 
demonstrated a relationship between obesity and 

Chow et al10 reported that the serum concentration 
of A-FABP predicted the progress of cardiovascular 
disease in a community-based cohort10.

Eynatten et al11 found a connection between the 
circulating A-FABP concentration and long-term 
prognosis in patients with coronary heart disease. 
In their study, many participants were patients with 
an old myocardial infarction undergoing coronary 
artery bypass grafting, PCI, or non-invasive treat-
ment. It is also possible to see a correlation between 
A-FABP serum level and blood pressure.

Ota et al12 found that in a group of 30 normoten-
sive patients, those with a positive family history of 
hypertension had higher levels of A-FABP than those 
with negative family history. However, it is unknown 
whether elevated circulating A-FABP is directly ef-
fective on insulin resistance and hypertension and 
that determination of serum A-FABP might be a nov-
el approach for identifying individuals at risk of hy-
pertension and atherosclerotic events12.

A-FABP can be a meaningful parameter in met-
abolic syndrome. The increase of A-FABP can lead 
to the rise of resistance to insulin which itself is a 
predisposing factor for arteriosclerosis and dyslip-
idemia. Some previous studies demonstrated that 
circulating A-FABP is not only a biomarker, but it 
also plays an important role in the progression of 
obesity, metabolic syndrome, and cardiovascular 

TABLE 4. Mean serum A-FABP levels in the groups of conventional prognostic factors.

Abbreviations: ER=oestrogen receptor; PR=progesterone receptor.

Prognostic factors Mean lipocalin p-value Mean A-FABP  p-value
    (ng/ml–1)   (ng/ml–1) 
 

Tumor size (T) 1 (n=17) 62.35±61.14 0.08 18.06±6.09 0.58
 2-4 (n=62) 43.24±29.46  19.03±7.25

Nodal status (N) 0 (n=41) 50.96±46.67 0.391 19.8±8.24 0.185
 1-3 (n=32) 43.37±27.86  17.71±5.12

Histologic grade  1-2 (n=63) 48±42.01 0.627 18.99±6.84 0.691
 3 (n=16) 44.34±19.58  18.14±7.76

ER expression Positive (n=54) 46.86±32.6 0.895 18.38±6.56 0.434 
 Negative (n=25) 48.43±51.51  19.84±7.95

PR expression Positive (n=50) 47.89±32.38 0.879 18.58±6.35 0.708
 Negative (n=29) 46.25±49.25  19.25±8.15

Ki-67 Positive (n=60) 51.55±52.28 0.255 21.07±7.87 0.056
 Negative (n=19) 36.91±18.99  16.94±3.78

Her-2 Positive (n=3) 21±8.2 0.042* 14±4.01 0.642 
 Negative (n=76) 47.44±40.92  19.43±7.43

P 53 Positive (n=52) 47.89±31.27 0.709 20.2±7.1 0.185
 Negative (n=27) 54.39±62.03  17.11±7.19

Histology  Ductal (n=72) 47.52±39.05 0.881 18.92±7.09 0.626
 Others (n=7) 44.98±38.14  17.58±6.07

HRT use Received (n=57) 46.76±31.7 0.871 18.18±6.46 0.237
 Not received (n=22) 48.97±55.61  20.58±8.2

Age  Pre-menopause (n=63) 46.42±41.57 0.595 18.32±6.19 0.207
 Post-menopause (n=16) 50.93±25.06  20.8±9.52
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rum FABP levels are significantly higher in breast 
cancer patients than in healthy patients, and high se-
rum levels of FABP are connected with adverse tu-
mor characteristics, like large tumor size and lymph 
node metastasis. Similar relationships have also been 
found in bladder and prostate cancer16.

LIMITATIONS

This study has several limitations. First, a small 
number of patients was enrolled. Second, in this 
study we did not consider dyslipidemia and its ef-
fect on A-FABP concentration. Moreover, we just 
had one serum sample from patients which was col-
lected at the beginning of treatment course. It could 
be better to collect serum sample before and after 
treatment course and compare the levels of AFABP 
between them. It is possible that there was a cor-
relation between serum level of AFABP after che-
motherapy course with recurrence and survival rate. 
Another limitation is the follow-up period which 
could be longer in future studies.

CONCLUSIONS

Based on our findings, serum concentrations of 
A-FABP may not have any role in breast cancer 
prognosis prediction including patients’ recurrence 
and survival rate. Further studies should be per-
formed to investigate the correlation between pre- 
and post-chemotherapy A-FABP serum level and 
breast cancer prognosis in larger populations.
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