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ABSTRACT

Background: Adipose tissue is an active endocrine organ responsible for the production of adipokines. Aim: This study
aimed to investigate whether serum levels of four adipokines (leptin, adiponectin, resistin, visfatin) and lipid parame-
ters (cholesterol, triglycerides, LDL-cholesterol, HDL-cholesterol) are affected by adjuvant chemotherapy.
Methodology: Twenty-five Greek patients who had been operated and received adjuvant chemotherapy with a good
response were included. Blood samples were collected at three distinct time points during treatment, in order to
mesure the above parameters. Results: Cholesterol, LDL and HDL levels did not show statistically significant differ-
ences at the three time points. In contrast, triglycerides were statistically significant higher (p=0.0030) at the final time
point. Serum leptin and resistin levels prior to treatment were significantly higher (p<0.0001) than those observed
during mid- and end-treatment. Comparison between the mid- and end- treatment time points showed a statistically
significant difference (p<0.0001), with higher levels observed at the mid-treatment time point. Serum adiponectin lev-
els yielded a significant difference (lower value) between the baseline and the end time points (p<0.0001), as well as
across the other time points. Visfatin levels were significantly higher at the baseline of the treatment compared to both
mid- and end-treatment levels (both p<0.0001). Conclusion: Increased levels of adiponectin, together with decreased
values of the other three adipokines, are consistent with the results from previous studies, suggesting their potential
use as auxiliary parameters. Regarding lipids, only levels of triglycerides provide relevant information. However, due
to the absence of a control group and the small sample size (n=25), these findings should be interpreted as exploratory
and hypothesis-generating rather than confirmatory.
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1. INTRODUCTION

Worldwide, breast cancer (BC) is the most
commonly diagnosed malignancy and the main
cause of cancer-related death in women. High
invasiveness, frequent recurrences, metastatic
ability to brain and lungs, contribute to its severity
[1]. Adipose tissue plays a key role as an energy
storage depot and functions as an endocrine
organ to produce various bioactive substances [2].
Epidemiological and etiological data have shown
that conditions of abnormal distribution of adipose
tissue, such as obesity, are an important risk factor
and a negative prognostic factor for this malignancy
[3].

Lipids are described as natural compounds,
soluble in polar solvents and insoluble in water.
They include small biomolecules with remarkable
variation in structure [4]. It is well established that
the composition and permeability of the cell mem-
brane may be altered due to changes in lipid me-
tabolism. This fact may be crucial for the develop-
ment and progression of many diseases, including
cancer. Concerning cancer, lipids may affect tu-
mor growth and development. Proliferation is a
significant feature of cancer cells, which requires a
constant supply of lipids for the biosynthesization
of their membranes and the modification of their
proteins. Furthermore, non-renewing cells require
significant amounts of lipids to support cell signal-
ing and resist apoptosis. Lipoproteins transport
both endogenously and exogenously derived lipids
to the tissues, playing a fundamental role in the
progression of cancer via the delivery of lipids to
malignant cells and tumors [5-6].

The most important plasma/serum lipids from
a clinical point of view are total cholesterol (TC)
and triglycerides (TG) [7]. Cholesterol, despite its
role as a major component of cell membranes,
serves as a precursor for steroid hormones,
vitamin D, oxysterols and bile acids. Cholesterol is
required for neuronal signaling molecules to
function. On the other hand, triglycerides
represent the main energy source in the body. The
hydrophobic nature of these biomolecules requires
the presence of lipoproteins (complex lipid
aggregates and proteins) which transport lipids
between tissues.

Adipocytes are the primary cell population of
adipose tissue, which is a type of connective tissue
because its extracellular matrix is composed of
proteins [8]. Especially in breast where there is a
large concentration of adipose tissue, mature
adipocytes and mammary epithelial cells are

separated, under normal conditions, by a
basement membrane that limits the interaction
between them. However, during tumor
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development, epithelial cancer cells penetrate the
basement membrane and interact with adipocytes
which then contribute to tumor progression. The
extremely complex interaction between cancer-
associated adipocytes (CAA) and cancer cells
(breast cancer cells or BC) is not fully understood;
however, it is known that CAAs communicate with
BC cells through adipokines [9]. Dysregulation of
adipose tissue function, as observed in obesity,
has been associated with the development of sev-
eral diseases, including cancer. It is estimated that
obesity contribute to approximately 20% of can-
cers [10].

The most important secretory products of adi-
pose tissue are ‘“lipokines” or “lipocytokines”.
These molecules are protein hormones that are
synthesized and secreted by adipocytes or by cells
that are included in or filter the adipose tissue [11].
These include classic adipokines such as resistin,
visfatin, leptin, and adiponectin; newer molecules
such as apelin, nesfatin, and vaspin; as well as cy-
tokines (e.g., TNFa, IL-6), chemokines (e.g., MCP-
1), proteins of the alternative complement pathway
(e.g., adipsin), enzymes (e.g., P450 aromatase),
and other bioactive products such as angiotensin-
ogen [12].

Leptin is a hormone with M.W equal to 16 kD.
Adipose tissue is the main site of its secretion,
which is proportional to tissue’s mass. Serves as a
message of satiety and energy adequacy, inhibit-
ing appetite [13]. Leptin’s receptor, a single trans-
membrane protein, expressed in most tissues, is
responsible for hormone’s action. Intracellular sig-
naling pathways such as JAK/STAT3, MAPK,
PI3K/Akt, ERK1/2, AMPK and IRS, are induced by
this receptor [13-14].

Mechanisms of oncogenesis including (cell
proliferation, invasion, angiogenesis and inflam-
mation are associated with the upregulation of
specific gene transcription, activated by
JAK2/STAT3 pathway [15]. Moreover, anti-apop-
totic proteins, inflammation markers (TNF-a, IL-6),
factors of angiogenesis (Vascular Endothelium
Growth Factor) and the HIF-1a, are over-ex-
pressed [16-17]. Cell division is promoted through
activation of c-fos gene response elements follow-
ing ERK phosphorylation. Subsequently, JAK2 ac-
tivation, PI3K and Akt are phosphorylated, leading
at glucose utilization, cell growth, cell proliferation
and apoptosis [18]. Leptin has also been associ-
ated with breast cancer (BC) depending on the
menopausal status. Respectively, there is a
positive and negative correlation in post-
menopausal and pre-menopausal women [19-20].

Adiponectin, a 244 amino acid monomer adi-
pokine (also known as AdipoQ or ACRP30), with
M.W equal approximately to 26 kDa, is the most
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abundant peptide hormone, which secretion
comes from white adipocytes and belongs to the
family C1g/TNF proteins [21]. Its levels show an
inverse correlation with the mass of adipose tissue
and appear to have a protective effect against the
appearance of various obesity-related disorders,
such as metabolic syndrome, cardiovascular
diseases and several malignancies [21].

Several receptors have been identified as
binding sites for adiponectin: AdipoR1 (mainly ex-
pressed in skeletal muscles and endothelial cells),
AdipoR2 (mainly hepatic expression), and T-cad-
herin [22-23]. Adiponectin receptors are widely ex-
pressed in different tissues, including cancer cells
[15].

Adiponectin inhibits cell-proliferation, migration
and is responsible for pro-apoptotic actions [24].
There is evidence that low serum levels of the hor-
mone is an independent risk factor for breast
cancer (BC) regardless of age, lymph nodes
metastases, hormone receptor and menopause
status [25]. Moreover, invasiveness may be
determined by adiponectin’s levels [26].

Resistin is another adipocytokine of 12.5 kDa.
Mononuclear inflammatory and adipose cells, are
responsible for its secretion [27]. TLR4 binds re-
sistin and as a result the PI3K, p38 MAPK, and NF-
kB pathways, are activated. NF-kb protein medi-
ates and several inflammatory cytokines (TNF-a,
IL-6, IL-1, etc.) and adhesion molecules, are pro-
duced. Adipocytes that penetrate adipose tissue,
mostly express resistin. Thus, its serum levels are
more likely to be associated with inflammation
[28], supporting its role as adipokines potentially
involved in cancer development. Resistin also acts
as a link between obesity and increased inflamma-
tion, contributing to inflammation-associated tu-
mor growth [29].

Visfatin, a 52-kDa protein is the product of the
NAMPT gene. It is an enzyme, adipocytokine, and
growth factor [29-30]. Visfatin exists in two forms,
the Intracellular-iNampt and extracellular-eNampt.
iNampt plays a role in NAD (electron carrier) bio-
synthesis, which is essential for cellular metabo-
lism. On the other hand, eNampt is excreted by a
variety of tissues such as adipose by cell lysis [30].
Diabetes, obesity, aging, atherosclerosis, cardiac
hypertrophy, and autoimmune diseases, are asso-
ciated with eNampt [31].

In oncogenesis, eNampt displays pro-inflam-
matory, proliferative, anti-apoptotic, and pro-angi-
ogenic effects [32] by inducing inflammation
through the activation of NF-kB and promoting pro-
liferation through the upregulation of Notch-1, cy-
clin D1, cyclin dependent kinase 2, MAPKs, ERK-
1/2, and p38 signaling pathways [33-34]. Moreo-
ver, eNampt may act as an endocrine mediator in

some cancers and may contribute through its im-
munosuppressive properties to the characteristic
immune-evasive properties of malignancies [35].
The aim of this clinical laboratory study was to
evaluate adipokines (leptin, adiponectin, resistin,
visfatin) and lipids (cholesterol, triglycerides, LDL-
cholesterol, HDL-cholesterol) in BC patients who
received adjuvant therapy (5-fluorouracil (5-FU),
cyclophosphamide, doxorubicin, paclitaxel) at
three predefined time points: baseline, mid-treat-
ment, and end of treatment.

2. METHODOLOGY

2.1. Study setting

The study was conducted at the Laboratory
Chemistry, Biochemistry, Cosmetology of the
Department of Biomedical Sciences of School of
Health and Care Sciences of the University of
West Attica, Athens, Greece from March 2021 to
January 2024.

2.2. Participants

Twenty-five Greek patients were recruited for this
study. The cases consisted of women with inci-
dent, pathologically confirmed breast cancer (BC),
under age 64 (range 45-64 years), who had un-
dergone surgery and received adjuvant chemo-
therapy. The participants had never been diag-
nosed with any other type of cancer. Moreover,
they did not experience any infections during the
study period and showed no significant change in
body mass index (BMI) (change rate <5%). With
regard to their dietary habits, the majority reported
consuming breakfast, three main meals accompa-
nied by a daily snack, and multiple servings of
fruits, vegetables, and whole grains; with respect
to meat intake, they exhibited a preference for fish
and poultry, while red meat was consumed infre-
quently.

2.3. Sample collection

A total of 75 blood samples were collected (25 at
each time point). Blood collection was performed
under similar conditions early in the morning, after
8 h of fasting. Peripheral blood samples were cen-
trifuged at 3,500 rpm for 10 min in the laboratory.
Serum was separated and stored at —20°C, in
aliquots of 500 pL, until analysis. This storage tem-
perature ensures the stability of specimens con-
taining a broad range of labile analytes, including
adipocytokines and lipids.
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2.4. Laboratory measurements
2.4.1. Adipokines determination

The serum concentrations of leptin, adiponectin,
resistin and visfatin were measured using sand-
wich enzyme immunoassay ELISA RUO kits
(Bertin Bioreagent Company for leptin and adi-
ponectin, Origene for resistin and AssayGenie for
visfatin). The leptin kit had a limit of detection
(LOD) of 0.2 ng/mL, the adiponectin kit had an
LOD of 0.47 ng/mL, the resistin kit had an LOD of
4 pg/mL, and the visfatin kit had an LOD of 0.188
ng/mL.

2.4.2. Lipids determination

We carried out photometric measurements of se-
rum levels of cholesterol, triglycerides, and HDL-
cholesterol using Beckman Coulter's automated
analyzer AU5800, while LDL-cholesterol was esti-
mated using the Friedewald equation: LDL = Total
cholesterol — HDL-cholesterol — TG/5.

2.5. Statistical analysis

The comparison of mean values at the three time
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points of the treatment was carried out using one-
way repeated-measures ANOVA. This method as-
sumes approximate normality of the dependent
variables and sphericity of repeated measure-
ments, and accounts for the fact that the same pa-
tients were measured at all time points. A p-
value<0.05 was considered statistically significant.

2.6. Ethical approval

The study protocol was approved by the Ethical
Committee of the General Anticancer Hospital of
Piraeus “METAXA” (reference number 12367/27-
01-2021) and the Ethical Committee of the
University of West Attica (reference number
11914/17-02-2021). The principles of the
Declaration of Helsinki were followed throughout
the study involving human subjects. All patients
were provided with an informed consent form con-
taining information about the study, and their will-
ingness to participate was confirmed by signature.

3. RESULTS

Table 1 shows the results for each lipokine at the
three measurement time points during treatment,
while Table 2 presents the significance levels (p-
values) of comparisons between the mean values.

Table 1. Serum levels (mean * standard deviation) of the four adipokines at T1 (baseline), T2 (mid-treatment), and T3 (end

of treatment).

Time points of adjuvant therapy

T1 (baseline) T2 (mid-treatment) T3 (end of treatment)
Leptin (ng/mL) 36.68 + 15.76 26.19+11.84 19.49 + 8.80
Adiponectin (ng/mL) 27.27 +19.34 34.74 + 22.58 43.47 + 25.45
Resistin (pg/mL) 18.53 +6.94 10.96 +5.18 8.64 +5.35
Visfatin (ng/mL) 15.18 £ 5.91 9.71+455 7.84 +4.69

Table 2. P-values for comparisons of mean serum levels of the four adipokines at T1 (baseline), T2 (mid-treatment), and T3

(end of treatment).

Comparisons between time points of adjuvant therapy
Comparison T1vs T2 T1vs T3 T2vs T3
Leptin (ng/mL) <0.0001 <0.0001 <0.0001
Adiponectin (ng/mL) <0.0001 <0.0001 <0.0001
Resistin (pg/mL) <0.0001 <0.0001 <0.0001
Visfatin (ng/mL) <0.0001 <0.0001 <0.0001

The distributions of the four variables were ap-
proximately normally distributed. For the comparison
of the three time points of the treatment, one-way
repeated-measures ANOVA and post hoc
Bonferroni’s multiple-comparison tests performed.

A p-value<0.05 was considered statistically signif-
icant.

Regarding leptin, serum levels at the beginning
of treatment (36.68 + 15.76) were significantly
higher (p<0.0001) than those during treatment
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(26.19 + 11.84) and at the end of treatment (19.49
+ 8.80). A significant difference was also observed
between mid- and end-treatment levels (p<
0.0001), with higher values at mid-treatment. A de-
crease in values was observed across the three
time points. However, due to interindividual varia-
bility, values may have been lower or higher than
the mean. In this comparison, the results were sta-
tistically significant.

Serum adiponectin levels at baseline (27.27 +
19.34) were significantly lower (p<0.0001) than
those at the end of treatment (43.47 + 25.45). A
statistically significant difference was also found
between baseline and mid-treatment levels (34.74
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+ 22.58), as well as between mid- and end-of-treat-
ment levels (p<0.0001).

Regarding resistin, serum levels were found to
be significantly higher (p<0.0001) before treatment
than those in the middle of treatment, as well as
those at the end of treatment. A comparison be-
tween the mid- and end-treatment time points
showed significantly higher levels at mid-treatment
compared to the end (p<0.0001).

Serum visfatin levels at the baseline were sig-
nificantly higher (p<0.0001) than those at mid-
treatment and at the end of treatment. A similar re-
sult was also observed between the mid- and end-
of-treatment time points.
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Figure 1. Diagrams depicting the levels of four lipokines at three stages of adjuvant treatment: T1 (baseline), T2 (mid-

treatment), and T3 (end of treatment).

Table 3 shows the results for each lipid at the three
measurement time points during treatment, while

Table 4 presents the significance levels (p-values)
for comparisons of the mean values.
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Table 3. Serum levels (mean + standard deviation) of the four lipids at T1 (baseline), T2 (mid-treatment), and T3 (end of

treatment).

Repp =a

Time points of adjuvant therap

T1 (baseline)

T2 (mid-treatment)

T3 (end of
treatment)

Cholesterol (mg/dL)

184.10 + 33.77

185.30 + 28.03

185.80 + 25.66

Triglycerides (mg/dL) 118.70 % 30.61 123.20 £ 29.72 126.50 + 28.13
LDL (mg/dL) 106.00 + 33.90 105.90 + 28.31 107.20 * 25.28
HDL (mg/dL) 5424+ 743 54.64 £ 6.90 53.24 £ 6.48

Table 4. P-values for comparisons of mean serum levels of the four study lipids at T1 (baseline), T2 (mid-treatment), and T3
(end of treatment).

Comparisons between time points of adjuvant therapy
Lipids T1vs T2 T1vs T3 T2vs T3
Cholesterol (mg/dL) >0.9999 >0.9999 >0.9999
Triglycerides (mg/dL) 0.080 0.432 0.0030
LDL (mg/dL) >0.9999 >0.9999 >0.9999
HDL (mg/dL) >0.9999 0.701 0.741

From the above data, no statistically significant
differences were observed in the mean serum
levels of cholesterol, LDL, and HDL across the three

time points. In contrast, for triglycerides, a statistically
significant difference was observed only between mid-
treatment and end-of-treatment levels (p=0.0030).
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Figure 2. Diagrams depicting the levels of four lipids at three stages of adjuvant treatment: T1 (baseline), T2 (mid-treatment),
and T3 (end of treatment).
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4. DISCUSSION

Adipose tissue is a complex and metabolically ac-
tive endocrine organ. Adipocytes, as well as the
non-adipocyte fraction of adipose tissue, synthe-
size and secrete several hormones, such as leptin,
visfatin, resistin and adiponectin, collectively re-
ferred to as adipocytokines.

Briefly, leptin serves as a primary regulator of
adipose reserves and exerts multiple oncogenic
effects, including the induction of cellular prolifera-
tion, promotion of angiogenesis, and inhibition of
apoptosis [36]. In contrast, the roles of visfatin and
resistin in carcinogenesis remain less elucidated.
Preliminary research suggests that visfatin may
contribute to the etiopathogenesis of breast cancer
(BC) by accelerating cell cycle progression and
upregulating genes essential for angiogenesis and
metastatic potential [37]. Resistin, synthesized by
adipocytes and predominantly by infiltrating mono-
cytes, is primarily associated with inflammatory
pathways. Although its definitive role in malig-
nancy remains unclear, emerging evidence sug-
gests a potential involvement in carcinogenic pro-
cesses. Conversely, adiponectin has demon-
strated potent antiproliferative properties across
diverse breast cancer (BC) cell lines [38],
supporting its characterization as a putative
anticarcinogenic factor.

Our study indicated that baseline serum con-
centrations of leptin and resistin were significantly
elevated relative to those recorded at mid- and
post-treatment intervals. Longitudinal analysis re-
vealed a further significant decline between the
mid- and end-treatment time points, with the for-
mer maintaining higher values. Conversely, serum
adiponectin levels were significantly lower at base-
line compared to the study's conclusion, with dis-
tinct variances observed across all measured in-
tervals. Finally, visfatin levels demonstrated a sig-
nificant reduction from baseline to both mid- and
end-treatment phases.

Elevated serum leptin concentrations have
been implicated in the pathogenesis of breast can-
cer (BC) among both pre- and postmenopausal
populations [39], as well as in hereditary predispo-
sitions [40]. Conversely, adiponectin is recognized
for its tumor-suppressive properties, mediated
through the inhibition of the Wnt and Akt signaling
pathways [41]. Furthermore, postmenopausal
breast cancer patients exhibit significantly higher
serum resistin levels [42-45], suggesting a possi-
ble prognostic role for resistin. This association
has also been observed in premenopausal cohorts
[44], thereby aligning the present findings with es-
tablished literature. Regarding visfatin, mean se-

rum concentrations in breast cancer patients have
been reported to be higher at baseline than in con-
trol groups [42-44]. In addition, lower systemic
visfatin levels have been associated with improved
long-term survival and disease remission [42,46].
However, these findings should be interpreted
cautiously and should not be considered confirm-
atory of biomarker utility.

Existing literature indicates that adjuvant ther-
apy is associated with significant alterations in the
serum concentrations of the aforementioned adi-
pokines. Trying to interpret our findings, it is es-
sential to consider that these hormones may mod-
ulate malignant cellular behavior via specific re-
ceptor-mediated pathways. Upon penetrating the
basement membrane, breast cancer (BC) cells in-
teract dynamically with adipocytes within the tumor
microenvironment (TME) [47]. These specialized
cells, termed cancer-associated adipocytes
(CAAs), are considered pivotal mediators of dis-
ease progression [48]. This bidirectional crosstalk
may establish a permissive microenvironment that
drives critical oncogenic processes, including cel-
lular proliferation, angiogenesis, invasion, and me-
tastasis [47]. Furthermore, CAAs facilitate sys-
temic communication with both proximal and distal
BC cells through the secretion of various bioactive
factors, including lipokines [49]. The metabolic in-
terplay between adipocytes and malignant cells
appears to be attenuated following the therapeuti-
cally induced depletion of the latter. Specifically,
the administration of chemotherapeutic agents
may disrupt these paracrine and endocrine signal-
ing axes. Such agents exert their effects through
diverse mechanisms: fluorouracil impairs DNA
synthesis and repair to inhibit proliferation; cyclo-
phosphamide acts as a cytostatic agent during the
G2 and S phases; doxorubicin induces direct cyto-
toxicity; and paclitaxel stabilizes microtubules,
thereby arresting the dynamic reorganization es-
sential for interphase and mitotic functions.

Regarding the serum lipid profile—comprising
total cholesterol, triglycerides, LDL-C, and HDL-
C—our analysis identified a statistically significant
alteration exclusively in triglyceride concentrations
when comparing baseline values to post-chemo-
therapy outcomes [50]. This observation aligns
with existing literature [50-51]. Specifically, triglyc-
eride levels exhibited a significant elevation in
breast cancer patients following the completion of
effective cytotoxic therapy, suggesting a possible
association with the systemic effects of adjuvant
chemotherapy [51].

This study should be interpreted within an ex-
ploratory framework due to the absence of a con-
trol group and the relatively small sample size
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(n=25), which limit generalizability and do not allow
causal conclusions. Potential confounding factors
such as BMI variation, menopausal status, dietary
variation, systemic inflammation, and chemother-
apy-related metabolic effects were not controlled
for in the present analysis and should be consid-
ered in the context of the study’s exploratory de-
sign, limited sample size, and absence of a control
group. Given the exploratory nature of the study, a
simplified statistical approach was applied. De-
tailed ANOVA outputs, including F-values and de-
grees of freedom, as well as effect size estimation
and confidence intervals, were not reported, and
the assumption of sphericity was not formally as-
sessed (e.g., using Mauchly’s test) or corrected
(e.g., Greenhouse—Geisser or Huynh-Feldt ad-
justments). Therefore, the findings should be inter-
preted as exploratory and hypothesis-generating
rather than confirmatory.

5. CONCLUSION

In conclusion, we observed that the elevated lev-
els of adiponectin following the completion of treat-
ment, together with the reduced concentrations of
the other three adipokines identified in our study,
are consistent with findings reported in several
previous studies. This finding, however, cannot
under any circumstances justify the abolition of the
widely used indicators in breast cancer (BC).
Given that all studies recommend that further
research must be conducted prior to their
widespread adoption, it is suggested that these
adipokines may warrant further investigation as
auxiliary parameters in larger controlled studies.
Regarding lipids, only triglyceride levels may be
considered as an informative parameter for
assessing the outcome of chemotherapy.
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