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Abstract. Adipocytokines and markers of oxidative stress
have been shown to exhibit potential for detection of advanced
stage, HER2/neu status and lymph node metastases in
patients with breast cancer, as well as in determining the effi-
ciency of anti-cancer treatments. In the present study, blood
concentrations of apelin (APLN), retinol-binding protein
4 (RBP4), 8-hydroxydeoxyguanosine (8-oxo-dG) and total
antioxidant capacity (TAC) in women with breast cancer with
different clinicopathological features were measured prior
to and following adjuvant chemotherapy. The study included
60 women with breast cancer stratified according to tumor
grade and size, HER-2/neu expression, and lymph node and
hormone receptor status. Blood samples were taken before
and after two cycles of adjuvant chemotherapy. None of the
clinicopathological features were associated with the baseline
concentrations of RBP4, 8-0x0-dG or TAC. An increased
baseline concentration of APLN was observed in HER-2/neu
positive patients. Moreover, through multivariate logistical
regression analysis, APLN was shown to be independently
associated with a positive HER/neu status. Chemotherapy
treatment did not affect the levels of RBP4 or APLN, or TAC
values when assessing all the patients, and when assessing
the stratified groups of patients. Only 8-oxo-dG was found
to be significantly decreased following drug administration
(P=0.0009). This preliminary study demonstrated that APLN
is a significant and independent predictor of HER-2/neu posi-
tive breast cancer. A significant reduction in 8-oxo-dG levels
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following chemotherapy may indicate its potential clinical
utility in monitoring the effects of chemotherapy in breast
cancer patients.

Introduction

Breast cancer is the most common malignancy and leading
cause of cancer-associated death in women between the ages
of 35 and 50. Obesity is a well-established risk factor for devel-
opment of breast cancer, exerting its effect via several different
biological mechanisms (1,2). As an endocrine organ, adipose
tissue secretes molecules called adipocytokines that act in an
endocrine, paracrine and autocrine manner, and may promote
the malignant progression of breast cancer (3). Several studies
have indicated that adipocytokines mediate the survival,
growth, invasion and metastasis of breast cancer cells (4-7).
Apelin (APLN) and retinol-binding protein 4 (RBP4) are
adipocytokines that may serve a role in carcinogenesis (8-10).
Evaluation of their role may be useful in predicting survival
times and cancer recurrence (11-13).

APLN was isolated as an endogenous ligand from bovine
stomach epithelial cells in 1998 (14). Further studies have
demonstrated that APLN is also expressed in heart muscles,
brain, kidneys, liver, lungs and spleen, as well as in mammary
glands, placenta and gastric mucosa (15). The small peptide
is involved in several vital physiological processes, such as
angiogenesis, fluid homeostasis and glucose metabolism (16).
Growing evidence has suggested that APLN induces the
maturation of tumor blood capillaries and prompts tumor
vascularization (17). Moreover, APLN also shows lymph
angiogenic potential in relation to tumor growth and lymph
node metastasis (18). Upregulated expression of APLN
has been found in various types of cancer, including breast
cancer, where its levels have been shown to be correlated
with shorter survival times and a higher incidence of cancer
recurrence (19-21).

RBP4 is a more recently identified adipokine that transports
retinol (vitamin A) from the liver to peripheral tissues (11).
In adipose tissues, RBP4 is expressed in mature, lipid-laden
adipocytes (22). It has been observed that increased RBP4
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is positively correlated with obesity-linked complications,
including impaired glucose tolerance, insulin resistance, type 2
diabetes mellitus, dyslipidemia, hypertension and cardiovas-
cular disease (23). Studies have also indicated that upregulated
expression of RBP4 is associated with colorectal, ovarian and
endometrial cancer (24-26). Recently Jiao ez al (11) reported that
elevated RBP4 concentrations were associated with an increased
risk of breast cancer independent of BMI, lipid levels and other
potential risk factors (11). The specific role of RBP4 in carcino-
genesis is not understood, to the best of our knowledge. It has
been shown to potentiate migration and proliferation of tumor
cells by stimulating the synthesis of MMP-2 and MMP-9, thus
facilitating tumor cell infiltration in surrounding tissues (25).

It is well documented that carcinogenesis is associated with
the overproduction of reactive oxygen species (ROS) (27-29).
ROS can cause oxidative damage to lipids, proteins and DNA.
Oxidized and damaged DNA (resulting in genetic mutations) is
involved in malignant transformation. 8-hydroxydeoxyguano-
sine (8-0x0-dG) is a specific marker of 2-deoxyguanosine
damage following ROS-mediated damage to DNA. High
levels of 8-0x0-dG in tumors, blood samples or urine have
been found in patients with various types of cancer (30,31).
Moreover, 8-oxo-dG may be useful for predicting prognosis
in different types of cancer (32,33). ROS levels are maintained
within narrow limits under physiological conditions by an
antioxidant defense system consisting of multiple independent
components (34). However, there is evidence of impaired
antioxidant status in patients with various types of cancer,
including breast cancer, due to an imbalance between ROS
production and elimination, resulting in oxidative damage to
key biomolecules (35). Furthermore, recent studies have indi-
cated a close correlation between adipocytokines and oxidative
stress, where certain adipocytokines were shown to increase
the production of free radicals, whereas others inhibited this
process (31,36-38).

Although alterations in the levels of adipocytokines and
markers of oxidative stress in patients with breast cancer
are well documented, relatively little is known regarding the
degree to which they vary in different breast cancer subtypes
or in relation to the aggressiveness of the breast cancer (39,40).
Breast cancer is a complex and heterogeneous disease, and its
prognosis may vary based on the combined characteristics of
the tumor itself and any underlying conditions a patient may
have (41). The role of obesity-related markers and oxidative
stress in tumor growth and metastasis may be associated with
distinct subtypes of breast cancer. Therefore, in the present
study, the concentrations of APLN, RBP4 and 8-oxo-dG
in breast cancer patients with different clinicopathological
features, including tumor grade and size, HER-2/neu expres-
sion, hormone receptor status and lymph node status were
investigated. Due to the fact that there is a great interest in
identifying biomarkers that may be used to predict chemo-
therapy treatment responses, the second aim of the present
study was to analyze the effects of 6-week adjuvant chemo-
therapy on APLN, RBP4 and 8-ox0-dG levels.

Materials and methods

Patients and methods. The study cohort was formed of women
with breast cancer treated at the Greater Poland Cancer Center

in Poznan between December 2016 to November 2017 who
qualified for adjuvant chemotherapy. The study was performed
according to principles of the Declaration of Helsinki (42).
The protocol used in the present study was approved by the
Local Bioethical Committee of Poznan University of Medical
Sciences (approval no. 1016/16). The study included 60 women
and written informed consent was obtained from all partici-
pants. The median age was 58 years old (range, 31-76). Selected
clinical criteria collected in the pre-operative period included
tumor histological grade and size, HER-2/neu expression,
and the presence/absence of regional lymph node metastases,
and this data was used to divide patients into different catego-
ries. The histological grading of breast tumors was based on the
Modified Bloom-Richardson Grading Scheme (43). The status
the HER2-neu, progesterone and estrogen receptor expression
was assessed by immunohistochemistry (IHC) analysis at the
Department of Cancer Pathology, Greater Poland Cancer Center,
as a routine diagnostic procedure, using the EnVision™ + HRP
complex (DakoCytomation; Agilent Technologies, Inc.). HER2
status (HercepTest™; Agilent Technologies, Inc.) was scored
as follows: 0, no staining; 1, weakly visible staining in >10%
of neoplastic cells; 2, weak or moderate staining in >10% of
neoplastic cells; and 3, strong staining in >10% of neoplastic
cells. In the case of moderate expression (2+), a FISH test was
performed to assess HER2-neu gene amplification using HER2
IQFISH pharmDx™ kit (Dako Omnis; Agilent Technologies,
Inc.). HER2 IQFISH pharmDx™ reagent (Dako Omnis;
Agilent Technologies, Inc.) was used as a reference standard
for HER2. Assessment of HER2 gene amplification with
the HER2 IQFISH pharmDx™ test (Dako Omnis) was fully
automated and was performed on the Dako Omnis device
according tot the manufacturer's protocol. For FISH analysis,
the slides were deparaffinized by immersing them in Clearify™
for 10 min, unmasking the antigen using ISH Pre-Treatment
Solution (Dako Omnis; Agilent Technologies, Inc.) for 15 min,
followed by dehydration in 96% ISH Ethanol Solution (Dako
Omnis; Agilent Technologies, Inc.) at 32°C twice for 3 min.
Subsequently, slides were treated with pepsin for 15 min and
finally air dried at 45°C for 15 min. Next, the slides were
subjected to denaturation by immersing them in a denaturing
solution at 66°C for 10 min. Slides underwent hybridization by
applying HER2 IQFISH pharmDx™ (Dako Omnis; Agilent
Technologies, Inc.). HER2 IQFISH pharmDx™ reagent (Dako
Omnis; Agilent Technologies, Inc.) is a mix of IQISH probes
consisting of a mix of Texas red labeled DNA probes (218 kb
long region) containing the HER2 gene on chromosome 17, and
a mix of fluorescein labeled probes peptide nucleic acid directed
against the centromeric region of chromosome 17 (CEN-17).
Specific hybridization with target regions results in a distinct
red fluorescent signal for each HER2 gene locus and a green
fluorescent signal for each centromere of chromosome 17. The
slides were hybridized at 45°C for 75 min. A deep rinse was
performed with ISH Stringent Wash Buffer (Dako Omnis™;
Agilent Technologies, Inc.) at 61°C for 10 min. After staining
in the Dako Omnis machine, sections were mounted on a slide
with Fluorescence Mounting Medium (Dako Omnis™; Agilent
Technologies, Inc.) containing DAPI and then covered with a
coverslip. Using a fluorescence microscope equipped with
appropriate filters, the position of tumor cells was determined
and the red (HER2) and green (CEN-17) signals were counted,



BIOMEDICAL REPORTS 14: 30, 2021 3

and the HER2/CEN-17 ratio was calculated. Healthy cells in the
analyzed tissue sections served as the internal control for positive
staining. IHC scores of 3+ and 2+ with positive HER2 ampli-
fication was considered to be indicative of positive HER2-neu
receptor activity. IHC 0, 1+ and 2+ with negative HER2 ampli-
fication was taken to be negative HER2-neu receptor activity.
To assess the activity of estrogen and progesterone receptors,
monoclonal antibodies against estrogen (cat. no. 1D5; 1:50;
DakoCytomation; Agilent Technologies, Inc.) and progesterone
receptors (cat. no. PgR636; 1:50; DakoCytomation; Agilent
Technologies, Inc.) and a polyclonal antibody against estrogen
p receptors (Chemicon) were used. The presence of estrogen
and/or progesterone receptors on the tumor surface defined the
tumor as hormone dependent. The characteristics of the study
group are presented in Table 1. All patients underwent four
cycles of adjuvant chemotherapy in a regimen involving doxo-
rubicin and cyclophosphamide (AC). HER2-positive patients
received trastuzumab in addition to AC.

Blood samples for biochemical analyses were taken from
the antecubital vein 1 day prior to chemotherapy after an
overnight fast, and 6 weeks later when the first and second
cycles of chemotherapy were completed. Samples were
collected in EDTA anticoagulant serum tubes. After 30 min,
the tubes were centrifuged at 1,000 x g for 15 min. Serum and
plasma samples were stored at a temperature of -80°C until
required for assay. The concentrations of RBP4, APLN and
8-0x0-dG were measured using ELISA kits according to the
manufacturer's protocol (AssayPro LLC, cat. no. ER3005-1;
Phoenix Pharmaceuticals, cat. no. EKE-057-15, Inc, EIAab,
cat. no. E0660Ge). Total antioxidant capacity (TAC)
was determined using an Antioxidant assay kit (Cayman
Chemical Company) and expressed in Trolox equivalents.
Trolox is a water-soluble analog of tocopherol used to assess
the antioxidant potential of a mixture containing several
antioxidants.

Women with diabetes mellitus, cardiovascular diseases,
hypertension, and inflammatory diseases were not included in
the present study.

Statistical analysis. Statistical analysis was performed using
Statistica version 12.0 (StatSoft Inc.). The normality of quan-
titative variables was assessed using a Kolmogorov-Smirnov
or Shapiro-Wilk test. Normally distributed, continuous
variables were presented as the mean + standard deviation.
Parameters that were not normally distributed are presented as
a median (range). Comparisons between appropriate catego-
ries of patients were made using an unpaired Student's t-test
or a Mann-Whitney U test depending on the distribution of the
data. A comparison between analyzed parameters before and
after chemotherapy was performed using a paired Student's
t-test or a Wilcoxon test, depending on the distribution of the
data. Pearson's or Spearman's correlation coefficient analysis
was used to assess the strength of any association between
different variables. Multivariate logistical regression analysis
was performed using APLN as an independent variable and
HER-2/neu status as a dependent variable after adjusting for
age, BMI, adipose tissue content, TAC value, 8-o0x0-dG levels,
lymph node status, hormone receptor status, tumor grade and
size. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Table I. Clinicopathological characteristics of the study group.

Clinicopathological feature N (%)
Histopathological grade

sl 31 (51.7)

1 29 (48.3)
HER-2/neu expression

+ 20 (33.3)

- 40 (66.7)
Tumor size

<2cm 33 (55)

>2 cm 27 (45)
Regional lymph node metastases

Present 32 (53.3)

Absent 28 (46.7)
Hormonal sensitivity

Hormonal-positive 44 (73.3)

Hormonal-negative 16 (26.7)

Results

Baseline concentrations of adipocytokines and markers
of oxidative stress in patients with breast cancer. First,
patients were divided into subgroups according to selected
clinical features, including histological tumor grade and size,
HER-2/neu expression, hormone receptor status, the pres-
ence/absence of metastases in regional lymph nodes. The
concentrations of APLN, RBP4 and 8-o0xo0-dG, as well as the
TAC levels were assessed. All parameters were evaluated
before administration of any chemotherapy.

No differences in adipose tissue content and BMI values
were observed between the groups. RBP4 and 8-oxo-dG
levels also did not differ between the groups. RBP4 and
8-0x0-dG concentrations did not differ amongst patients based
on tumor size, tumor grade, HER-2/neu status, presence of
lymph node metastases or hormone receptor status (Table II).
Only APLN levels were found to be significantly higher in
HER-2/neu positive cases compared with HER-2/neu nega-
tive patients (Table IIC). In addition, only TAC levels were
significantly higher in women with hormone-positive breast
cancer (Table I1E).

Logistical regression showed that higher APLN levels
were significantly associated with positive HER-2/neu
status (Table III, Model 1), even after adjusting for potential
confounding factors, such as age, BMI, adipose tissue content,
markers of oxidative stress (Table I1I, Model 2), tumor grade
and size, hormone receptor status and lymph node metas-
tasis (Table III, Model 3).

Univariate analysis performed on the levels before
chemotherapy demonstrated that neither APLN nor RBP4
concentrations were correlated with patient age, BMI or the
parameters of oxidative stress (Table IV). RBP4 concentra-
tions were only positively associated with adipose tissue
content (Table IV). 8-0x0-dG levels were not correlated with
age, adipose tissue content or TAC. However, there was a
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Table II. Concentration of adipocytokines and selected markers of oxidative stress in women with breast cancer.

A, Tumor size

Analyzed parameter <2 cm >2 cm P-value
RBP4, pg/ml 67.14 (55.07-103.7) 69.02 (42.85-1054) 0.741
APLN, ng/ml 1.31+0.39 1.26+£0.47 0.721
8-0x0-dG, ng/ml 10.1 (5.80-26.54) 8.97 (3.68-31.61) 0.886
TAC, pg/ml 2.85(0.62-12.13) 3.32 (2.02-9.20) 0.156
BMI, kg/m? 25.7 (19.70-41.80) 27.2 (17.70-37.40) 0.950
Adipose tissue content, % 33.5 (18.80-44.30) 31.8 (15.30-43.40) 0.223
Age 58.36+9.30 57.48+10.71 0.734
B, Histopathological grade

Analyzed parameter /1T I P-value
RBP4, pg/ml 66.96 (55.07-103.4) 69.02 (42.85-105.4) 0.457
APLN, ng/ml 1.25+0.40 1.33+0.45 0.558
8-0x0-dG, ng/ml 9.28 (5.80-30.94) 9.19 (3.68-31.61) 0.392
TAC, ug/ml 2.98 (1.26-12.13) 2.91 (0.62-9.20) 0.968
BMI, kg/m? 25.3 (18.30-36.50) 26.8 (17.70-41.80) 0.142
Adipose tissue content, % 31.6 (15.30-43.0) 35.4 (18.50-44.30) 0.095
Age 58.52+8.69 57.38+11.14 0.659
C, HER-2/neu expression

Analyzed parameter + - P-value
RBP4, pg/ml 79.41 (42.85-103.7) 67.14 (55.38-1054) 0.780
APLN, ng/ml 1.58+0.37 1.16+1.00 0.002°
8-0x0-dG, ng/ml 9.96 (4.99-31.61) 9.23 (3.68-30.94) 0.893
TAC, pg/ml 3.57 (0.62-12.13) 2.91 (1.26-9.20) 0.408
BMI, kg/m? 25.2 (19.70-41.80) 27 (17.70-37.40) 0.541
Adipose tissue content, % 32 (18.80-44.00) 33.4 (15.30-44.30) 0.632
Age 59.50+8.86 57.20+£10.37 0.399
D, Regional lymph node metastases

Analyzed parameter Present Absent P-value
RBP4, pg/ml 66.21 (42.85-105.4) 72.92 (55.07-103.7) 0.268
APLN, ng/ml 1.24+0.47 1.33+0.37 0479
8-0x0-dG, ng/ml 10.15 (4.51-30.94) 9.05 (3.68-31.61) 0.545
TAC, ug/ml 348 (1.26-12.13) 2.72 (0.62-9.80) 0.321
BMI, kg/m? 25.5(17.70-37.40) 26.2 (21.20-41.80) 0.51
Adipose tissue content, % 31.8 (15.30-43.40) 33.55 (21.90-44.30) 0.219
Age 58.75+10.14 57.07+9.68 0516
E, Hormone receptor status

Analyzed parameter Positive Negative P-value
RBP4, pg/ml 66.95 (42.85-105.4) 7292 (57.61-103.4) 0.277
APLN, ng/ml 1.22+1.07 0.87+£0.55 0.265
8-0x0-dG, ng/ml 8.65 (3.68-30.94) 14.07 (5.80-31.61) 0.086
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Table II. Continued.
E, Hormone receptor status
Analyzed parameter Positive Negative P-value
TAC, ug/ml 3.18 (0.62-12.13) 2.07 (1.26-5.99) 0.043*
BMI, kg/m? 26.6 (17.70-37.40) 24.85 (19.50-41.80) 0.640
Adipose tissue content, % 32.95 (15.30-44.30) 33.25 (19.50-44.00) 0.676
Age 57.8+8.83 58.44+12.66 0.826

iP0.05, °P<0.01. RBP4, retinol-binding protein 4; APLN, apelin; 8-0x0-dG, 8-hydroxydeoxyguanosine; TAC, total antioxidant capacity.

Table III. Multivariate logistical regression analysis of the
association between APLN and HER-2/neu status.

Variable  Oddsratio  95% confidence interval ~ P-value
Model 1 2.14 0.483-10.73 0.038*
Model 2 26.84 1.627-1363 0.045°
Model 3 91.15 3.142-30162 0.043%

“P<0.05. Model 1, unadjusted APLN; Model 2, adjusted for age, BMI,
adipose tissue content, 8-0x0-dG, TAC value; Model 3, adjusted for
tumor size, histopathological grade, lymph node status and hormone
receptor status; APLN, apelin.

EZ3 Before chemotherapy
E3 After 6-week chemotherapy

100

-

B

Concentration of RBP4 (ug/ml)

0 T T

Figure 1. Difference in RBP4 levels after 6-weeks of chemotherapy. Data
were analyzed using a Wilcoxon test. RBP4, retinol-binding protein 4.

significant negative association between 8-oxo-dG levels and
BMI (Table IV).

Concentration of adipocytokines and markers of oxidative
stress after 6-weeks of chemotherapy. The effects of 6-week
chemotherapy on APLN, RBP4, 8-0x0-dG and TAC levels in
the entire group, as well as within the different subgroups was
next addressed.

Levels of RBP4 in the total group of women increased
from an initial value of 67.51 pug/ml (42.85-105.4 pug/ml) to
75.27 pg/ml (49.56-109.8 ug/ml) after 6-weeks of chemo-
therapy (Fig. 1). However, this increase was not statistically
significant (P=0.2066).

No change in RBP4 concentration were observed after
6-weeks of chemotherapy in any of the sub-categories based

Before chemotherapy
B3 After 6-week chemotherapy

E

o ——

5 s
3 1.5‘

% S,

%5 1.0 S
N =——
= e

S 05 |

= iy

8 E.E.EEE )

§ 0.0l —bomiines 7

Figure 2. APLN concentration before and after 6-weeks of chemotherapy.
Data were analyzed using a paired Student's t-test. APLN, apelin.

EZ3 Before chemotherapy
E3 After 6-week chemotherapy

==

o

Concentration of 8-oxo-dG (ng/ml)

Figure 3. Concentration of 8-0xo-dG before and after 6-weeks of chemo-
therapy. Data were analyzed using a Wilcoxon test. "P<0.05. 8-ox0-dG,
8-hydroxydeoxyguanosine.

on tumor histological grade and size, HER-2/neu expression,
hormone receptor status, and the presence/absence of regional
lymph node metastases (Table V).

The concentrations of APLN prior to chemotherapy and
6 weeks after were 1.30+0.40 and 1.23+0.41 ng/ml, respec-
tively. However, this reduction was not significantly different
(P=0.2058; Fig. 2).

APLN concentration was not significantly altered in any
of the subgroups after 6-weeks of chemotherapy (Table VI).

The concentration of 8-oxo-dG decreased significantly
when comparing all the data together, from 9.23 ng/ml
(3.68-31.61 ng/ml) to 742 ng/ml (3.64-22 .97 ng/ml) after 6-weeks
of chemotherapy; P=0.0009 (Fig. 3). A similar observation was
seen when comparing patients with tumors >2 cm (P=0.007), with
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Table IV. Univariate analysis for association between parameters before and after treatment.

A, Before chemotherapy

APLN RBP4 8-0x0-dG
Correlated parameter P-value r P-value P-value
Age 0.057 0.728° 0.118 0.456¢ 0.030 0.864¢
BMI -0.084 0.613° 0.271 0.082°¢ -0.343 0.040*¢
Adipose tissue content -0.237 0.147° 0.343 0.026*¢ -0.225 0.186¢
TAC -0.18 0.293¢ -0.005 0.974¢ 0.204 0.232¢
8-0x0-dG -0.01 0.955¢ 0.004 0.981¢ -
B, After 6-weeks of chemotherapy

APLN RBP4 8-0x0-dG
Correlated parameter P-value r P-value P-value
Age -0.028 0.868° 0.162 0.305° 0.039 0.822¢
BMI 0.104 0.530° 0.230 0.143° -0.262 0.123¢
Adipose tissue content 0.295 0.069° 0.318 0.040%° -0.202 0.236¢
TAC 0.161 0.348¢ -0.160 0.317¢ 0.365 0.029*¢
8-0x0-dG -0.240 0.194¢ -0.096 0.579¢ -

"P<0.05. "Pearson correlation coefficient; ‘Spearman correlation coefficient.

Table V. Effect of 6-weeks of chemotherapy on retinol-binding protein 4 concentration in women with breast cancer.

Clinicopathological feature

Before chemotherapy, yg/ml*

After 6-weeks of chemotherapy, pg/ml*

P-value

Histopathological grade
1411
11

HER-2/neu expression
+

Tumor size
<2 cm
>2 cm

Regional lymph node metastases
Present
Absent

Hormonal sensitivity
Hormonal-positive
Hormonal-negative

66.96 (55.07-103.4)
69.02 (42.85-105.4)

79.41 (42.85-103.7)
67.14 (55.38-105.4)

67.14 (55.07-103.7)
69.02 (42.85-105.4)

66.21 (42.85-105.4)
72.92 (55.07-103.7)

66.95 (42.85-105.4)
72.92 (57.61-103.4)

72.03 (49.56-99.82)
80.48 (53.68-105.4)

79.82 (49.56-109.8)
73.63 (56.48-102.6)

72.93 (49.56-109.8)
77.78 (53.68-99.82)

67.69 (53.68-99.82)
81.58 (49.56-109.8)

76.4 (49.56-99.82)
70.94 (56.48-109.8)

0.537
0.254

0.791
0.174

0.558
0.239

0424
0.348

0.213
0.7

“Median (range).

metastases in the regional lymph nodes (P=0.004), irrespective of
the HER-2/neu status (HER2/neu positive P=0.021; HER2/neu
negative P=0.017) (Table VII). A decrease in 8-0xo-dG levels was
observed regardless of tumor grade (I/II P=0.007; IIT P=0.041)

and hormone receptor status (hormone-positive P=0.038;

hormone-negative P=0.004) (Table VII).

TAC values increased after 6 weeks of chemotherapy in
the entire group of women from an initial value of 2.97 mmol/I
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Table VI. Effect of 6-weeks of chemotherapy on apelin concentration in women with breast cancer.

Clinicopathological feature Before chemotherapy, ng/ml* After 6-weeks of chemotherapy, ng/ml* P-value
Histopathological grade

/i 1.25+0.40 1.21£0.47 0.661

I 1.33+0.45 1.23+0.38 0.223
HER-2/neu expression

+ 1.58+0.37 1.46+0.44 0415

- 1.16+1.00 1.11+0.38 0.459
Tumor size

<2 cm 1.31+£0.39 1.26+£0.43 0.561

>2 cm 1.26+0.47 1.17£0.43 0.306
Regional lymph node metastases

Present 1.24+0.47 1.11£0.40 0.101

Absent 1.33+0.37 1.33+0.42 0.937
Hormonal sensitivity

Hormonal-positive 1.22+1.07 1.08+0.55 0.290

Hormonal-negative 0.87+0.55 0.74+0.42 0.095

“Mean =+ standard deviation.

Table VII. Effect of 6-weeks of chemotherapy on 8-hydroxydeoxyguanosine concentration in women with breast cancer.

Clinicopathological feature Before chemotherapy, ng/ml* After 6-weeks of chemotherapy, ng/ml° P-value
Histopathological grade

v 9.28 (5.80-30.94) 7.26 (3.90-22.97) 0.007°

I 9.19 (3.68-31.61) 7.44 (3.64-14.68) 0.041*
HER-2/neu expression

+ 9.96 (4.99-31.61) 7.5 (3.64-13.30) 0.021*

- 9.23 (3.68-30.94) 7.05 (4.62-22.97) 0.017¢
Tumor size

<2cm 10.1 (5.80-26.54) 7.98 (3.64-22.97) 0.061

>2 cm 8.97 (3.68-31.61) 6.81 (4.30-12.52) 0.007°
Regional lymph node metastases

Present 10.15 (4.51-30.94) 7.33 (4.30-22.97) 0.004°

Absent 9.05 (3.68-31.61) 7.52 (3.64-14.68) 0.059
Hormonal sensitivity

Hormonal-positive 8.65 (3.68-30.94) 6.85 (3.90-22.97) 0.038*

Hormonal-negative 14.07 (5.80-31.61) 7.56 (3.64-10.68) 0.004°

P<0.05,"P<0.01. ‘Median (range).

(0.62-9.80 mmol/I) to 3.22 mmol/l (1.15-8.85 mmol/l) (Fig. 4).
However, this increase was not significant (P=0.8984). There
was no statistically significant change in TAC in any of the
subgroups after 6-weeks of chemotherapy (Table VIII).

In the post-treatment period, neither APLN, RBP4 or
8-ox0-dG were shown to be correlated with the age of patients
or their BMI. A positive correlation was observed between
RBP4 and adipose tissue content, and between 8-oxo-dG and
TAC values (Table IV).

Discussion

Breast cancer is the most common type of cancer in
women worldwide, and is the second-leading cause of
cancer-associated morbidity and mortality in women (44).
The mechanisms and factors contributing to development
and progression of breast cancer have been studied exten-
sively. Adipocytokines and oxidative stress appear to serve a
significant role in carcinogenesis (45,46). Moreover, findings
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Table VIII. Effect of 6-weeks of chemotherapy on total antioxidant capacity concentration in women with breast cancer.

Clinicopathological feature Before chemotherapy, mmol/l After 6-weeks of chemotherapy, mmol/l P-value
Histopathological grade

/1 298 (1.26-12.13) 3.2 (1.15-8.85) 0.626

I 291 (0.62-9.20) 3.66 (1.42-8.72) 0.481
HER-2/neu expression

+ 3.57 (0.62-12.13) 3.5(1.42-747) 0.684

- 291 (1.26-9.20) 3.22(1.15-8.85) 0.700
Tumor size

<2 cm 2.85(0.62-12.13) 3.5(1.15-8.72) 0.284

>2 cm 3.32(2.02-9.20) 3.22(1.52-8.85) 0.316
Regional lymph node metastases

Present 348 (1.26-12.13) 3.27 (1.52-8.85) 0.889

Absent 2.72 (0.62-9.80) 3.19 (1.15-8.72) 0.983
Hormonal sensitivity

Hormonal-positive 3.18 (0.62-12.13) 3.39 (1.15-8.72) 0.627

Hormonal-negative 2.07 (1.26-5.99) 2.54 (1.59-8.85) 0.313

E=3 Before chemotherapy
E3 After 6-week chemotherapy

104 —
3
£
E 5]
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Figure 4. TAC values before and after 6-weeks of chemotherapy. Data were
analyzed using a Wilcoxon test. TAC, total antioxidant capacity.

from several studies have suggested that adipocytokines
and markers of oxidative stress may be promising tools for
identifying advanced stage caner, lymph node metastases and
adverse prognoses among cancer patients, including breast
cancer patients (47,48). Evaluation of these markers to predict
the efficiency of anti-cancer treatments and survival outcomes
in breast cancer patients is now becoming a subject of intense
study (49,50).

The aim of the present study was to evaluate the concen-
trations of APLN, RBP4 and 8-0x0-dG, as well as the TAC
values, taking into account select clinicopathological char-
acteristics of breast cancer, such as tumor histological grade
and size, HER-2/neu expression, hormone receptor status, and
the presence/absence of regional lymph node metastases. The
evaluations were performed twice: before and after the second
cycle of chemotherapy administration.

Increased APLN levels were found to be a significant
and independent predictor of HER-2/neu expression. Women
with a higher APLN concentrations appeared to be more
likely to develop a positive HER-2/neu breast cancer pheno-
type. In general, HER-2/neu was overexpressed in ~30% of

breast carcinomas, and was associated with aggressive tumor
behavior and a poor prognosis. Interestingly, HER-2 expres-
sion and functions have been shown to be modified by obesity
and/or lipid-related components (51). A growing number of
studies indicate the ability of adipocyte-secreted factors,
namely leptin, to activate signaling pathways involved in the
upregulation of HER-2/neu expression (52-54). An independent
association between APLN and positive HER-2/neu status was
demonstrated for the first time in the present study, and this
may suggest the involvement of APLN in the development of
this breast cancer subtype. The association between APLN
and HER-2/neu expression should thus be investigated further.

In contrast, RBP4 levels were not associated with
any clinicopathological features of breast cancer in the
pre-treatment period. Its concentration was found to be similar
amongst patients regardless of tumor size and histological
grade, HER-2/neu status, hormone receptor status and the
presence/absence of regional lymph node metastases. A limited
number of studies have investigated the association between
adipocytokine levels and clinicopathological features of breast
cancer, with differing results (55). Significant differences in
the serum concentrations of adipocytokines with regard to
histological subtype, clinical stage and metastasis status were
reported in some studies, but not others (56). Earlier observa-
tions supported by the present study suggest that secretion
patterns of adipocytokines are specific to individuals, and are
strictly dependent on the type of cancer and its characteristic
features. Certain adipocytokines may rise or fall based on
the particular type or subtype of cancer, whereas others may
stay constant. Disease progression may also affect their levels
differently. Therefore, the use of multiple adipocytokines in a
panel may be more informative and allow for better prognostic
prediction.

In the present study, no association was found between
increased breast tumor aggressiveness and invasiveness with
increased 8-0x0-dG concentrations or reduced antioxidant status.
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Similar findings were reported by Himmetoglu er al (48), who
found that 8-oxo0-dG levels did not change between breast cancer
patients divided into different groups based on tumor grade,
tumor stage and the presence/absence of metastases. In addition,
Zowczak-Drabarczyk et al (57) demonstrated that the mean TAC
levels did not differ significantly in relation to lymph node or
HER-2/neu expression status in patients with newly diagnosed
breast cancer. These results may suggest that 8-oxo-dG and TAC
values are not useful for subtyping breast cancer and assessing its
aggressiveness or metastatic invasiveness.

It is well established that obesity significantly increases the
risk of breast cancer and is associated with increased tumor
burden, histopathological grade and a higher incidence of lymph
node metastasis (58). The mechanisms by which obesity contrib-
utes to breast cancer are complex and have not yet been fully
elucidated. However, several reports have shown that adipocy-
tokines may be major contributing factors to obesity-associated
breast cancer (59). Their altered secretion patterns in obese
adipose tissues may modulate tumor cell behavior, such as
proliferation and migration (45,55). In the present study, a signif-
icant association with adipose tissue content was observed only
for RBP4. In contrast, APLN was not correlated with adipose
tissue content nor with BMI. Previous reports comparing the
levels of adipocytokines between obese and non-obese breast
cancer patients have yielded inconsistent results (55). Some find-
ings indicate that obese breast cancer patients (BMI >25 kg/m?)
had lower adiponectin and higher leptin levels compared with
non-obese patients (BMI <25 kg/m?) (60). However, concentra-
tions of other major adipocytokines, such as resistin and visfatin
were found to not be altered, regardless of BMI values (60).
El-Benhawy er al (55) observed a higher level of vistafin in
women with breast cancer compared with the control group.
However, there was no significant difference in visfatin concen-
trations between obese and non-obese subjects in the same study
group of patients (55). Moreover, visfatin concentration were not
correlated with BMI (55). The authors hypothesized that there
may be other significant sources of this adipocytokine other than
adipose tissue. Lymphocytes, neutrophils and other immune
system cells can secrete certain adipocytokines as inflamma-
tory phase proteins based on the inflammatory status of breast
cancer. Therefore, they are suspected to be an alternative source
of adipocytokines. The lack of any relationship between APLN
and BMI with adipose tissue content in the present study may
suggest that other factors, which are not necessarily connected
with adipose tissue, may influence its levels. Unexpectedly, there
was a significant negative association between 8-oxo-dG levels
and BMI values. Although previous cross-sectional studies have
reported a similar correlation in certain types of cancer, the exact
relationship between these two factors remains unclear (61,62).
Mizoue et al (62) postulated that weight loss induced by
increased energy expenditure that accompanies certain types of
cancer, leading to elevation of mitochondrial ROS production,
may be reflected in the rise of 8-oxo-dG levels (63). Numerous
studies have confirmed the relationship between the secre-
tion of adipocytokines by adipose tissue, and the stimulation
or inhibition of ROS production. Than et al (64) showed that
APLN inhibits the production and release of ROS in adipocytes
by increasing the expression of antioxidant enzymes such as
catalase, superoxide dismutase 1 and glutathione peroxidase,
and also inhibits the expression of enzymes with pro-oxidative

properties. Conversely, Wang et al (65) demonstrated the effects
of RBP4 on the stimulation of anion radical production by
mitochondria in the aortic vascular endothelium. However, in
the present study, a correlation between the concentrations of
the selected adipocytokines and indicators of oxidative stress
was not found.

Chemotherapy is the most frequently used treatment
for breast cancer patients, contributing to the reduction in
cause-specific mortality by lowering the risk of recurrence
and metastasis (66). Responses to chemotherapy vary greatly
amongst individuals, making it difficult to accurately predict the
outcomes of the treatment. Chemotherapy affects biochemical
processes and as a result, alters the levels of various molecules,
including those detectable in the blood (67). Understanding the
relationship between changes in the concentration profiles of
multiple circulating markers following different chemothera-
peutic regimens may help predict their effectiveness.

The present study is the first to evaluate the effects of
adjuvant chemotherapy on circulating levels of APLN and RBP4
in women with breast cancer. Previously, Stomian et al (67)
assessed the adipocytokine levels in patients with colorectal
cancer who received palliative chemotherapy. They observed
increased plasma levels of the anti-inflammatory protein adipo-
nectin, and decreased plasma levels of visfatin and resistin.
Coskun et al (68) performed a study in which they enrolled
patients with breast cancer who underwent tumor resection
and then received adjuvant chemotherapy and/or radiotherapy.
The authors did not observe altered serum levels of visfatin,
adiponectin or leptin in the patients. However, resistin levels
were found to be increased. In the present study, there were no
significant differences in levels of APLN and RBP4 regard-
less of the clinicopathological features of the tumor during
administration of chemotherapy. The constant and unchanged
concentrations of APLN and RBP4 were observed during
chemotherapy likely exclude them as candidates for moni-
toring the effects of treatments in breast cancer patients.

The mechanism of action of certain chemotherapeutic agents
have been definitively linked to the generation of free radicals
which, in-turn, induce tumor-cell apoptosis (69). However, the
majority of the drugs act in a non-specific manner, harming
both malignant and normal cells to a similar degree. This is
evident by the elevation of key markers of oxidative stress, and
reduced plasma levels of antioxidants that are observed during
chemotherapy (70). Free radicals produced during chemo-
therapy cause oxidative damage to important biomolecules
including DNA. One of the most frequently studied markers of
oxidative DNA damage is the production of 8-oxo-dG, when
ROS reacts with guanine bases in DNA (71). Several studies
have shown that oxidative stress levels, based on 8-0xo0-dG
levels in urine or blood serum, may be a useful biomarker for
determining the response to radiotherapy and chemotherapy in
cancer patients (33). In most cases, chemotherapy accompanied
by ROS overproduction results in elevated levels of 8-0xo-dG in
patients with various types of cancer (72,73).

In contrast to previous reports, in the present study,
decreased levels of 8-oxo-dG were observed during chemo-
therapy in almost all groups of breast cancer patients. One
exception was women with tumor sizes <2 cm and without
lymph node metastases. Pour Khavari er al (33) investigated
the serum levels of 8-0x0-dG following chemotherapy in
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patients with upper gastrointestinal tumors, and found that
a decrease in its concentration was associated with worse
response to treatment and shorter progression-free survival.
Thus, it is hypothesized that the low serum levels of 8-oxo-dG
observed in the present study during chemotherapy may
reflect enhanced systemic antioxidant defense in response
to ROS production induced by chemotherapy. The increased
production of antioxidants may assist in the prevention of
ROS-induced DNA damage, leading to decreased formation of
8-0x0-dG. It has been suggested that this mechanism may also
occur in tumor cells and lead to chemoresistance by offering
these cells a growth advantage through evasion of apoptosis
and necrosis caused by ROS (74). Thus, chemoresistance may
explain why patients with the worst chemotherapy responses
have lower serum levels of 8-0x0-dG (33).

Contrary to previous reports, which demonstrated deple-
tion in antioxidant status caused by chemotherapy (70), in
the present study, TAC in breast cancer patients remained
stable or increased slightly. Similar results were found by
Hewala and Abo Elsoud (75), who observed that chemotherapy
in breast cancer patients had no significant effect on serum TAC
values. Moreover, Subramanyam et al (76) demonstrated that
chemotherapy resulted in a significant increase in blood serum
TAC values in cervical cancer patients. These contrasting
observations may be important evidence of adaptation of the
antioxidant system to enhanced production of ROS induced by
chemotherapy. A positive correlation between TAC value and
rising 8-o0xo-dG levels during chemotherapy observed in the
present study further confirms this hypothesis.

The present study has several limitations. First, the number
of participants was small. Due to the size of the group, no divi-
sion into molecular subtypes of breast cancer was performed
and no correlation between them and adipocytokines and
markers of oxidative stress was investigated. An analysis of the
correlation between such small groups of patients would give
unreliable and possibly unrepresentative results. Therefore,
these preliminary observations serve as a proof-of-concept and
basis for future clinical investigations involving larger cohorts
of patients. The study did not take into account the division
into histological subtypes of breast cancer, as it may wrongly
suggest that only women with a specific histological subtype of
breast cancer participated in the present study. Factors that may
influence the concentrations of the analyzed parameters, such
as menopause status and smoking habit were not considered.
Additionally, the effects of the complete chemotherapeutic
regimen was not assessed, only the effects of the first phase on
the concentration of adipocytokines and markers of oxidative
stress were investigated. To confirm the clinical usefulness of
8-0x0-dG in women with breast cancer, a prospective cohort
study is required to determine 8-oxo-dG levels after completion
of chemotherapy to investigate its association with outcomes.

In conclusion, the present preliminary study demonstrated
that high APLN levels were independently associated with
HER/neu expression, and may therefore be useful in subtyping
this aggressive type of breast cancer. Moreover, 8-oxo-dG,
which decreased during chemotherapy, may act as a serum
marker for monitoring treatment effects. However, further
studies are required to validate the clinical potential of these
parameters. This includes confirming these results in a larger
study group and considering important aspects such as other

health status measures not included in the present study, as
well as duration of chemotherapy, including after completion
of the full regimen vs. analysis at different timepoints during
the course of treatment.
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