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Abstract

Background and objective: Hematopoietic growth factors play a
crucial role not only in hematopoiesis but also in the stimulating of
nonhematopoietic cells proliferation, including tumor cells. This study
aimed to measure the serum concentrations of a panel of hematopoi-
etic growth factors in patients with Breast Cancer (BC) and healthy con-
trols.

Methods: The serum levels of Granulocyte Macrophage-Colony
Stimulating Factor (GM-CSF), Granulocyte-Colony Stimulating Factor
(G-CSF), Macrophage-Colony Stimulating Factor (M-CSF), Stem Cell
Factor (SCF), and Erythropoietin (EPO) were measured with a bead-
based immunoassay technique in 62 pathologically confirmed patients
with BC and 54 age-matched healthy controls.

Results: A higher EPO serum level was observed in the patients with
BC than in the control group (P=0.001). G-CSF level was significantly
higher in the advanced-staged patients (Il and Ill) than those in stage
| (P=0.036). An increase in SCF level was also observed in the patients
with stage Il compared to those in stage | (P=0.011). On the other hand,
GM-CSF concentration significantly decreased with tumor progression
from stage | to stage Ill (P=0.016). In addition, the Spearman rank cor-
relation indicated a significant relationship between GM-CSF, G-CSF,
and tumor size in the patients with tumors greater than 2 cm (P=0.014,
R=0.317, and P=0.045, R=0.257, respectively). There was also a direct
correlation between age and serum levels of EPO and GM- CSF in both
patients and controls (P<0.05). Significant positive correlations were
also observed between the levels of EPO and GM-CSF (P=0.001), M-
CSF (P=0.011), and G-CSF (P=0.039), as well as the SCF level and the
levels of M-CSF (P=0.043) and GM-CSF (P=0.017).

Conclusion: Our study suggests EPO, G-CSF, and SCF as possible
biomarkers for early BC detection. Besides, these HGFs may be used
for determining the prognosis of BC using circulation as a non-invasive
method. Large-scale studies are indeed required to generalize the re-
sults to all patients with BC.

Keywords: Breast cancer; Biomarkers; Hematopoietic growth fac-
tors; Prognosis.
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Background

Breast Cancer (BC) is one of the leading causes of death
among women worldwide. Poor prognosis, rapid clinical pro-
gression, high rates of metastasis, and increased mortality are
associated with this cancer [1]. Despite several risk factors being
associated with the disease, the etiology of BC remains largely
unknown. Tumor size and lymph node spread are strongly re-
lated to poor prognosis of BC [2]; accordingly, the detection of
specific tumor markers is of vital importance to developing new
measures and strategies for early detection and treatment [3].

Hematopoietic Growth Factors (HGFs) are a group of cyto-
kines that play essential roles in the growth and differentia-
tion of hematopoietic progenitor cells and also in maturation
and activation of neutrophils or macrophages [4]. Moreover, a
growing body of evidence shows that HGFs have crucial effects
not only on hematopoiesis but also on the proliferation of non-
hematopoietic cells, including tumor cells [5]. In addition, high
expression of HGFs and their receptors have been observed in
various tumor types and implied their contributions to poor
prognosis [6,7]. The crucial role of these cytokines in tumor in-
vasion is also suggested in some studies while the stimulation
of tumor cell proliferation is demonstrated by their effects [8].
Plenty of studies have also been made to demonstrate the role
of these growth factors in the normal development of mam-
mary epithelial cells and their progression to malignancy [7,9].
Elevated plasma levels of HGFs, including M-CSF or G-CSF in pa-
tients with BC, have been demonstrated in some recent stdies
[10,11].

Considering the importance of detecting serum biomarkers
for malignancies such as BC, this study aimed to determine the
levels of hematopoietic cytokines (GM-CSF, G-CSF, M-CSF, SCF,
EPO) in the sera of patients with BC in comparison with healthy
subjects using a bead-based immunoassay technique. As com-
pared to traditional ELISA methods, this method has a higher
sensitivity and range of dynamic range.

Material and methods
Cases

The patients were 62 women with BC (age range of 26-70
years) referred to the hospitals affiliated with Shiraz University
of Medical Sciences, and their cancers were confirmed by clini-
cal and pathological analyses. Neither chemotherapy nor radio-
therapy had been administered to any of the patients before
sample collection. The clinical and pathological data of the pa-
tients were obtained from their records (summarized in Table
1). A group of 54 healthy females with no personal or family his-
tory of malignancy and autoimmune diseases and age-matched
with the patients was also enrolled as a control group. Ethics
approval was obtained from the research ethics committee of
Shiraz University of Medical Sciences (IR.SUMS.REC.1395.5222).
A detailed explanation of the study’s purpose, safety and se-
curity measures was provided to patients and controls prior to
their consent.

Serum separation from peripheral bloods

Five milliliters of peripheral vein blood sample were taken
from both patients and controls. Patients’ samples were collect-

ed on the day prior surgery. To separate the sera, 30 minutes af-
ter coagulation, the samples were centrifuged for 10 minutes at
1000 xg. The sera were then aliquoted and preserved at -70°C
till the experiment day.

Biochemical analyses

Serum levels of a panel of human growth factors, includ-
ing EPO, G-CSF, GM-CSF, M-CSF, and SCF, were measured with
LEGEND plex Human Growth Factor Panel Kit in accordance
with the instructions provided by the manufacturer (Biolegend,
USA). This is a bead-based immunoassay with the same basic
principles as sandwich ELISA. Briefly, serum samples were di-
luted 2-fold with Assay Buer and mixed with 25 uL of pre-mixed
beads. Then, 25 pL of detection antibody were added to each
sample. At the same time, 25 pL of Matrix B and subsequent-
ly 25 pL of each standard were added to the standard wells.
Preparation of standards C1-C7 was done according to the kit
protocol. The tubes were protected from light and shaken for
2 hours at room temperature. Without washing, 25 pL of SA-PE
were added to each tube and incubated for a further 30 min at
room temperature while shaking at 1000 rpm. Afterward, the
tubes were washed with 200 uL of 1X Wash Buer. The beads
were finally resuspended in 200 pL of 1X Wash Buer and ac-
quired on a FACS Calibur flow cytometer (BD Biosciences, USA).
LEGENDplex Data Analysis Software (Biolegend) was applied to
measure the serum levels of each growth factor based on five
parameter curve fitting (Log Scale) analysis. A standard curve
was then used to calculate the concentration of each analyte.

Statistical analysis

Statistical analyses were done by SPSS software version
16 (Chicago, SPSS Inc, USA). Since the data did not satisfy the
normality, non-parametric tests (Kruskal-Wallis and Mann-
Whitney) were done to compare the quantities between pa-
tients and controls as well as patients with different clinical and
pathological characteristics, including histological tumor type,
tumor size, axillary lymph node involvement, TNM-staging, in
situ component, histological grade, tumor necrosis, and peri-
tumoral lymphovascular invasion. Statistically significant differ-
ences were defined in cases of P<0.05.

Results
Characteristics of the patients and controls

Serum levels of HGFs were measured among 116 females,
including 62 patients in different stages of BC and 54 age-sex
matched healthy adults as the control group. The mean age
of the patients was 48.37 + 11.78 years (26-70 years), and the
mean age of healthy individuals was 45.07 + 8.93 years (26-65
years). The clinicopathological characteristics of the patients are
provided in Table 1. The stage of cases was determined based
on the Tumor-Node-Metastasis (TNM) staging system devel-
oped by the American Joint Committee on Cancer Classification
and Stage Grouping (7th edition) [12]. Accordingly, our patients
were mainly in stage Il (24/64, 38.70%). The most common tu-
mor type was IDC (54/62, 87.1%), and tumor-affected lymph
node was observed among 56.5% of the patients (35/62).
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Serum levels of EPO, G-CSF, GM-CSF, M-CSF, and SCF in pa-
tients with BC and controls

We determined the serum levels of a panel of HGFs including
EPO, SCF, G-CSF, M-CSF, and GM-CSF using a cytokine bead array
test. Table 2 shows the maximum, minimum, mean, and median
range of HGFs levels in both patients and healthy controls. EPO
showed the highest mean concentration in both patients and
controls (156.84 and 104.45 pg/ml, respectively), while GM-
CSF had the lowest mean level in both groups (6.11 and 6.61
pg/ml, respectively). Comparing the concentrations between
patients and controls, statistical analysis indicated that EPO se-
rum level was significantly higher in the patients compared to
the control group (P=0.001). A trend to a higher level of SCF
was also observed in the patients compared with the controls
(P=0.062) (Figure 1).

Levels of hematopoietic growth factors among patients
with different clinicopathological characteristics

In the next step, we assessed the relationships of inves-
tigated markers with clinical and pathological features of the
patients. Regarding the stage, a significant increase in SCF level
was observed in the patients with stage Il compared to those
in stage | (P=0.011). On the other hand, GM-CSF concentration
significantly decreased with tumor progression from stage | to
stage Il (P=0.016, Figure 2). Classifying the patients into low
(0/1) and high (II/1ll) stage groups indicated that G-CSF level
was significantly higher in the advanced-staged patients (II/Il1)
in comparison to those in stage | (P=0.036) while GM-CSF was
lower in high-stage patients (P=0.020).

An increasing trend was also observed in the serum level of
GM-CSF in the patients with Progesterone Receptor (PR)-pos-
itive tumors compared to those with PR-negative ones; how-
ever, it was not statistically significant (P=0.056). No other sig-
nificant differences were observed in the levels of HGFs in the
patients with tumor necrosis, tumor calcification, peritumoral
lymphatic invasion, perineural invasion, vascular invasion, and
axillary node involvement.

Correlations among hematopoietic growth factors, tumor
size and age

Regarding the tumor size and age, the Spearman rank cor-
relation indicated a significant relationship between GM-CSF,
G-CSF, and tumor size in the patients with tumors greater than
2 cm (P=0.014, R=0.317, and P=0.045 R=0.257, respectively). In
addition, there was a direct correlation between age and serum
level of EPO in both patients and controls (P=0.016, R=0.307,
and P=0.001, R=0.650, respectively). A similar correlation was
also observed in the case of GM-CSF (P=0.001, R=0.466, and
P=0.02, R=0.316, respectively). Among HGFs, significant posi-
tive correlations were observed between the EPO serum level
and GM-CSF (P=0.001, R=0.603), M- CSF (P=0.011, R=0.324), G-
CSF (P=0.039, R=0.265) concentrations. There were also signifi-
cant positive correlations between the SCF level and the levels
of M-CSF (P=0.043, R=0.260) and GM- CSF (P=0.017, R=0.325).

Discussion

Cancer biology has recently put more emphasis on the cyto-
kines since increased cytokine production have demonstrated
in the patients with different kinds of cancers [5,13]. It has been
shown that they can not only be produced by tumor cells but
also influence the malignant processes, including tumor pro-
gression, metastasis, angiogenesis, and metalloproteinase pro-

/Table 1: Clinicopathological characteristics of patients with \
breast cancer. ‘

\ /

Characteristics Value
Age (years) 48.37 +11.78
Lymph node status
Free (NO) 27 (43.5%)
Involved 35 (56.5%)
N1 20 (32.8%)
N2 8 (13.1%)
N3 7 (11.5%)
Stage
I 20 (32.3%)
Il 24 (38.7%)
n 18 (29%)
Tumor type
IDC 54 (87.1%)
ILC 4 (6.5%)
DCIS 3(4.8%)
MC 1(1.6%)
Tumor size
T1 (<2 cm) 30 (49.2%)
T2 (2-5¢cm) 24 (39.3%)
T3 (5 cm) 7 (11.5%)
Unreported* 1
Histological grade
Well differentiated (1) 16 (28.1%)
Moderately differentiated (11) 26 (45.6%)
Poorly differentiated (IIl) 15 (26.3%)
Unreported 5
Estrogen receptor (ER)
Negative 13 (22.8%)
Positive 44 (77.2%)
Unreported 5
Progesterone receptor (PR)
Negative 16 (28.1%)
Positive 41 (71.9%)
Unreported 5
Her2 expression
Negative 28 (49.1%)
Positive 11 (19.3%)
Equivocal 18 (31.6%)
Unreported 5

* Unreported data are excluded from the calculations.

IDC: invasive ductal carcinoma; MC: Invasive carcinoma with medul-
lary features; ILC: invasive lobular carcinoma; DCIS: ductal carcinoma
in situ.

duction [5]. In the present study, we determined the association
of serum levels of a panel of human growth factors (EPO, G-CSF,
GM-CSF, M-CSF, SCF) with BC susceptibility and prognosis. Our
data indicated higher EPO and SCF serum levels in the patients
with BC than in healthy controls. An association was also ob-
served between G-CSF and SCF and higher stages of the disease,
while GM-CSF showed a decrease with the tumor progression.
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| Table 2: Human growth factors’ serum levels in breast cancer patients and healthy individuals.

Growth Patients (n=62) Controls (n=54)
factor Min Max Mean +SD Median (IQR25-75) Min Max Mean + SD Median (IQR25-75)
EPO 25.42 | 1686.00 @ 156.84 +203.91 | 130.87 (98.33-158.03) 2.27 220.72 | 104.45+42.63  104.78 (76.31-134.99)
SCF 0.17 249.19 68.14 +45.01 62.78 (40.22-88.34) <0.001 187.00 | 52.97 +41.28 52.11 (16.93-80.38)
G-CSF 0.64 57.59 14.18 +13.61 8.81 (4.64-21.87) 0.03 50.27 12.62+12.14 8.97 (4.13-15.67)
M-CSF 0.52 334.07 63.48 £ 83.22 24.55 (3.78-106.08) <0.001 262.49 | 57.13+71.69 29.19 (3.45-85.29)
GM-CSF 0.20 35.48 6.11 +5.62 4.51(2.73-7.48) <0.001 25.92 6.61 +5.69 5.39 (2.47-8.52)

EPO: Erythropoietin; SCF: stem cell factor; G-CSF: granulocyte-colony stimulating factor; GM- CSF: granulocyte macrophage-colony stimulat-

ing factor; M-CSF: macrophage-colony stimulating factor.
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GM-CSF is a hematopoietic growth factor playing an essential
role in the survival and maintenance of hematopoietic lineages.
It can be produced by different cell types such as activated T
cells, B cells, macrophages, endothelial cells, fibroblasts, and tu-
mor cells [14]. Although no difference was found between pa-
tients and controls, we observed lower GM-CSF plasma levels in
patients with higher stages than those with a lower stage of the
disease. However, to the best of our knowledge, there is no di-
rect report in BC, but similarly, lower expression of GM-CSF was
reported in CD4+helper subsets in draining lymph nodes of pa-
tients with progressed tumors of the bladder (having involved
node or higher stages) [15]. This reduction could be attributed
to GM-CSF suppression following tumor growth and progres-
sion, implying a potential antitumor role for GM-CSF in BC.

In this regard, it has been shown that GM-CSF stimulates
monocytes to exhibit antitumor behavior and also increases an-

tigen presentation by macrophages and therefore increases im-
mune responsiveness [16]. Consistently, in vitro studies showed
the potential role of GM-CSF in promoting monocytes and mac-
rophages’ survival and also stimulating inflammatory media-
tors release to kill tumor cells [17]. Concordantly, Eubank et al.
showed that in the murine model, GM- CSF stimulates mono-
cytes to secrete soluble Vascular Endothelial Growth Factor
(VEGF) receptor- 1 (sVEGFR-1), which resulted in the inhibition
of tumor progression and metastasis through VEGF inactivation
and blockage of angiogenesis [18,19]. Furthermore, more sen-
sitivity towards anticancer drugs was observed in GM-CSF over
expressing MCF-7 cells in Chaubey’s study [20]. In contrast, sev-
eral studies have shown GM-CSF secretion from tumor cells and
stimulation of their progression [13,21]. The elevated serum
levels of GM-CSF were also observed in lung carcinomas [22],
indicating its contribution to disease progression. This discrep-
ancy may result from different tumor types or sample sizes in
various studies. However, no difference was detected between
cancer patients and the control group and in clinicopathological
features in the present study M-CSF, produced by lymphocytes,
fibroblasts, and endothelial cells, induces differentiation, pro-
liferation, and activation of phagocytes [23]. Different studies
showed serum M-CSF levels correlation with tumor size, metas-
tasis, and poor outcomes in various human malignancies [8,24].
The presence of M-CSF-expressing cells in the tumors has been
associated with a more clinically aggressive attitude and ad-
verse prognosis related to extensive macrophage infiltration
[25]. Moreover, elevated levels of M-CSF were also reported in
the sera, ascites, and pleural effusions of patients with an ad-
vanced stage of BC [10,24].

G-CSF is another growth factor that has been found in differ-
ent cancers since the original finding of G-CSF producing tumors
[26]. Previous studies showed a correlation between the ecto-
pic secretion of G-CSF and induction of primary and metastatic
cancers [27,28]. and its serum level and tumor stage [13,29].
Moreover, the G-CSF value as a diagnostic marker in compari-
son to classic tumor markers, such as CEA and CA19-9, suggest-
ed the use of G-CSF measurement in colorectal cancer diagnosis
[30]. In this study, we observed an increasing pattern in G-CSF
serum levels of node-positive patients and patients with lym-
phatic invasion, although it was not statistically significant. Our
result is in line with Bordbar et al., which showed an increase
in G- CSF levels in Iranian patients with BC having more than
three involved lymph nodes [31]. The Natori et al. study sug-
gested a potential role of G-CSF through its ability to stimulate
tumor- associated angiogenesis and cancer development [32].
These findings collectively imply a tumorigenic role for G-CSF in
patients with BC.
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Stem Cell Factor (SCF) is a cytokine with a stimulatory effect
on primitive hematopoietic stem cells’ growth and develop-
ment both in vitro and in vivo [33]. Enhanced levels of SCF has
also been demonstrated in the serum of patients with BC [34].
In the present study, a trend for a higher level of SCF was ob-
served in the patients compared with the controls, as well. An
increase in the SCF level was also found in the patients with
stage |l compared to those in stage |I. Not many studies have
been done on circulating SCF and their significance in BC, jus-
tifying the variable results and demonstrating the need for fur-
ther studies in this area.

Erythropoietin (EPO) has long been considered to have a key
role as a hematopoietic growth factor in stimulating erythroid
proliferation and differentiation. In addition, recent studies
have emerged EPO as a pleiotropic cytokine with proangiogenic
and tissue-protective effects in an anti-apoptotic and/or mito-
genic manner in numerous nonhematopoietic cells and tissues,
including malignant ones [35,36]. This may be in line with our
results that showed an increase in the patients’ EPO level in
comparison to the control group that suggested a role for EPO
in stimulating cancer cell proliferation and/or survival. Consis-
tently, co-expression of EPO and its receptor has also be end
etected in various tumors of adult reproductive tissues [37,38].
The results of Arcasoy et al. [39], confirmed by study of Trost
and his colleagues [40]. Also demonstrated the induction of BC
cells by EPO. In addition, they demonstrated an EPO-induced
MCF-7 proliferation with a time- and concentration-dependent
manner [40]. Additionally, in tumor xenografts of malignant
uterine tumors and BC, EPO signaling deprivation induces the
death of tumor cells and capillary endothelial cells [38,41].
However, we did not detect a meaningful relationship between
serum EPO level and clinicopathological variables.

In addition, we evaluated growth factors’ correlation with
each other which showed a direct and strong statistically signifi-
cant correlation between EPO and GM-CSF, G-CSF, and M-CSF.
Besides, a similar relationship was detected between S-CSF and
M-CSF. These correlations were in both patients and the con-
trol group, which could imply that regardless of cancer, specific
growth factors have some control mechanisms, regulators, or
synergistic functions, in common.

Conclusion

Our data collectively suggests EPO, G-CSF, and SCF as pos-
sible biomarkers for early BC detection or determining its prog-
nosis using circulation as a non-invasive method. Large-scale
studies are certainly required to generalize the results to all
patients with BC.
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