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ABSTRACT

Background: Breast cancer (BC) is the most widespread cancer among women worldwide. Its incidence and mortality rates
have risen in the previous three decades as a result of changes in risk factor profiles, improved cancer registry, and cancer
detection. Objective: The study's goals were to establish if Ki-67 could be used as a potential marker in serum of cancer
disease patients as well as their interaction with vascular endothelial growth factor (VEGF) and ES in various stages of
breast cancer to assess their function in the progression of BC.

Materials and Methods: The levels of Ki-67, VEGF and endostatin (ES) in serum were assessed by commercial enzyme
linked immunosorbent assay (ELISA) Kits in 60 women diagnosed with breast cancer (age range 33-80 yrs.) and 30 age-
matched healthy controls. Two groups of breast cancer patients: groups 1 consisted of stage Il (Low level) and groups 2
consisted of patients in stage I11 and IV (High level).

Results: The results showed a significant increase of Ki-67 and VEGF in BC patients as related to healthy control with
increases in patients in advanced stage. The data revealed that the level of ES was much lower in patients with low-stage
(stage I1) compared to the group of control, but it was significantly higher in women with advanced-stage of BC.
Conclusions: The Ki-67, VEGF, and ES levels in the serum of studied groups may be a good marker in the progression of
BC.

Keywords: Ki-67, VEGF, Endostatin, Breast cancer.

INTRODUCTION placental growth factor (PIGF) are the most common

Breast cancer (B.C.) is a global problem, ranking top members of the VEGF family ®. Angiogenesis is a key
among malignant neoplasms and affecting around 13% of component of carcinogenesis, development, and metastasis
women in their lifetime ®. Breast cancer accounts for one- in many human cancers. VEGF is regarded to be a key
third of all registered women's cancers in Iraq @. regulator of angiogenesis, promoting tumor cell

Ki-67 is a DNA binding protein that is found in most proliferation as well as invasion and metastasis. Tumor
of vertebrates. It’s commonly used as a proliferation mark vascular density, particularly BC, has been shown to be
for tumor grading. It's expressed in every kinetic stage of closely related to prognosis ©. However, pathologic
the cell cycle except GO. It is regarded as one of the most angiogenesis can be caused by disturbances in the balance
dependable indices for determining the degree of of pro- and anti-angiogenic factors 9.
malignant tumor cell proliferation ®. Ki-67 has recently Endostatin is created by proteolytic cleavage of
received much attention as a promising prognostic, collagen XVIII by a set of proteinases such as elastase,
predictive, and therapeutic target in malignant neoplasms matrix metalloproteinases (MMPs) and procathepsin L 9,
such as bladder, lung, cervical, and breast carcinomas ®. Endostatin suppresses angiogenesis by binding to VEGFR-
In some tumors’ tissue, the expression of Ki-67 was used 1 and VEGF- 2 and preventing VEGF interaction with Flt-
as a clinical setting to study the state of tumor ®. However, 1 and Flk-1 and all downstream signaling proceedings 2.
it has suggested that Ki-67 have the ability to secrete or This study aimed to identify the relationship between
leaked out of cancer cells and thus, it can easily be VEGF-A, ES and Ki-67 to evaluate their potential roles in
measured in the serum of patients ©. the progression of BC disease.

Angiogenesis is the formation of new vasculature
from pre-existing ones Aangiogenesis process is tightly MATERIALS & METHODS
maintaining by the interaction between pro- and anti- Study design
angiogenic factors. Many potent promoter angiogenic A total of 90 Iragi women participated in this
factors are described since the identification of the master study; 60 women were diagnosed with BC during their
role of growth factor in maintaining the balance of attendance at Oncology Teaching Hospital /Medical
angiogenesis forming . VEGF-A is a key regulator of City/Baghdad. The study extended from November 2020
vascular growth among pro-angiogenic factors, and the till April 2021. Age of breast cancer women range from
VEGF family is regarded a key activator of vascular (33-80) years. In addition, 30 apparently healthy women
development and angiogenesis. VEGF-A (commonly also participated in this study whose ages ranged between
known as VEGF), VEGF-B, VEGF-C, VEGF-D, and 32-75 years. Patients with BC involved in this paper were
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categorized into two groups: Group 1: Patients in stage |
and stage Il was considered (low-level breast cancer
patients) and group 2 consisted of patients in stage 111 and
IV (High level). All studied women were handed a
guestionnaire that asked for age, weight, length, family
history, site of breast infection, menstrual cycle status,
using of contraceptive pills.

Blood samples collection

Venous blood samples were collected from
positive BC patients at the time of diagnosis and control
subjects in the sitting position using disposable syringes
(5ml). Five milliliters of blood were drawn from each
patient through vein puncture and slowly put into
disposable serum tubes containing separating gel. After
allowing the blood in the gel tubes to coagulate at room
temperature (15 minutes), it was centrifuged at 3000 rpm
for around 15 minutes. The serum was kept at -20 °C for
future use.

Measurements of Ki-67, VEGF and Endostatin

Ki-67, VEGF-A and Endostatin were assessed
guantitatively in serum samples using commercial enzyme
linked immunosorbent assay (ELISA) kits (SunLong
Biotech/China). Antibody specific for each parameter has
been pre-coated onto a microplate. After that, samples and
standards were pipetted into the wells and any present
parameters were bound by the antibodies. Then a
Horseradish  Peroxidase (HRP)-conjugated antibody
specific for each parameter was added to microelisa strip
plate wells and incubated. Components were washed. Once
adding Chromogen Solution, A and B to the wells, the
colors develop in response to the number of parameters,
turning blue and eventually yellow after the stop solution
is added. Finally, the color intensities were measured using
an ELISA reader (Mindray/ India) at a wavelength of 450
nm. The concentration was calculated from the standard
curve.

Ethics approval:

Written informed consents were obtained from all
subjects and the study was approved by Ethical
Committee (Ref.: CSEC/1120/0082 in November 15,
2020), Department of Biology, College of Science,
University of Baghdad. This study was carried out in
accordance with the World Medical Association Code
of Ethics (Declaration of Helsinki) for studies involving
humans.

Statistical analyses
The obtained data were statistically analyzed using
SPSS version 23. Differences with P values <0.05 were
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considered to be statistically significant. The data were
expressed as Mean + SE. Statistical comparison between
groups were analyzed using an analysis of variance
(ANOVA) -

RESULTS

Ki-67 level showed slightly significant (p < 0.05)
increase in patients with BC compared to control group
(Figure 1-A). Also, a highly significant increase (p <
0.001) were demonstrated in patients at high level stage
compared to patients at low level stage and control groups,
but no significant (p > 0.05) difference were noticed
between patients at low level stage and control as
illustrated in figure (1-B).
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A: Ki-67 level in the breast cancer as compared to control.
B: Ki-67 level in the early (low level) and advanced (high
level) breast cancer in compared to a control group.
*Refers to significant (P<0.05). ** Refers to significant
(P<0.001). Values represent the Mean £SE.

Figure (1): Blood levels of Ki-67 in patients with breast
cancer compared to healthy controls

Our results showed that the expression of VEGF-
A was significantly increased (P<0.001) in serum samples
in BC patients in comparison with that seen in healthy
subjects as shown in figure (2-A). Also, the results
showed a significant increase (P<0.001) in VEGF-A
levels in women with advanced breast cancer (high levels
stage) than in low level stage and control. While, no
significant difference (P>0.05) was detected between low
level stage and control group as shown in figure (2-B).
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B: Breast cancer at different stages and control. Data are
presented as Mean + standard error (SE). **P<0.001 vs control.

Figure (2): Expression of VEGF-A at serum level. A:
Breast cancer and control

No significant difference in ES serum level in
breast cancer women when compared to control group.
Furthermore, the ES level in BC patients was highly
significant P value (P<0.001) lower in patients with BC at
low level (stage II) while ES level increased
significantly(P<0.001) in women with BC at high level
when compared to healthy group, and there was
significant difference (P<0.001) between ES level in
patient groups (Figure 3A & B).
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A: Breast cancer and control. B: Breast cancer at different
stages and control. Data are presented as Mean + standard
error (SE). **P<0.001 vs control.

Figure 3: Expression of ES at serum level.

Table (1) showed that the levels of serum VEGF
showed highly significant (p < 0.001) increase (176.71 +
13.99 pg/ml) in patients with metastatic breast cancer
(stage 1V) compared to the two groups (stage Il and 111)
while no significant differences (P>0.05) were observed
between patients in stage Il and stage I1l. Also, there was

81

significantly increase (p < 0.001) in serum endostatin
level in breast cancer patients in stage IV in comparison
with patients in stage Il and Ill. While no significant
differences (P>0.05) were observed between patients in
stage Il and stage III. The results revealed significant (p <
0.001) increase in serum ki 67 level in breast cancer
patients in stage IV in comparison with patients in stage
Il and Ill. While there was no statistically significant
difference in ki-67 levels between stage Il and stage Il
patients.

Table 1: Comparison of serum markers in different stages
of breast cancer.

s Stage Il Stl??e Stage IV P
Paramet Mean + SE value
Ki-67 5.60 £ 6.15 % 7.68 £ 0.001*
(ng/ml) 0.21b 0.15b 0.28a '
VEGF-A | 98.70+ | 105.74 | 176.71 0.001*
(pg/ml) 3.12b | £329b | 13.99a '
ES 542.81 | 556.57 1058.34 .
(pg/ml) t * | +4368a | 90
23.75b | 21.81b | —

Different small letters refer to significant differences
(P<0.001) within-stages comparison. Similar letters refer
to non-significant differences within-stages comparison.

DISCUSSION

Breast cancer detection at an early clinical stage
is critical for disease management. Patients with breast
cancer can benefit greatly from early detection and
treatment, which improves their prognosis and long-term
survival. Therefore, it is important and crucial to explore
for biomarkers for early disease diagnosis and prognosis.
Ki-67 level showed slightly significant increase in
patients with breast cancer compared to control group.
Also, a highly significant increase was demonstrated in
patients at high level stage compared to patients at low
level stage and healthy group, but there were no
differences between BC patients at low level stage and
control. Ki-67 expression is frequently employed as a
biomarker of tumor aggressiveness because it’s a highly
connected with the proliferation of intrinsic cell
populations in cancer diseases *®. However, in healthy
breast tissue, very low of Ki-67 levels (<3%) have been
recorded 4. On the other hand, the expression of Ki-67
was increased significantly in malignant tissue @9. Cell
proliferation, through altered expression and/or activity of
cell cycle-related proteins, plays an important role in the
initiation and progression of cancer. Thus, measurement
of cellular proliferation protein may provide useful
information about disease status . In accordance with
our results, many studies indicated that a higher Ki-67
level significantly was associated with increasing tumor
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size and positive lymph nodes “?. Ragab et al. ¥
revealed a high correlation between the expression of Ki-
67 and some breast cancer features such as tumor grade,
lymph node status and tumor size. Also, it’s reported that
block of the expression of Ki-67 by injection of antisense
oligonucleotides leads to inhibition of the cell
proliferation @9, In addition, we assessed the relationship
between Ki-67 expression and various stages of breast
cancer. The results revealed significant increase in serum
ki-67 level in BC patients in stage IV in comparison with
patients in stage Il and Ill. This result is in accordance
with Ren et al. ®® who referred to significant increase in
serum ki-67 level in lymph node metastasis BC patients.
Warth et al. @Y showed that Ki-67 expression is elevated
significantly in advanced stages of lung cancer and
indicated that Ki-67 can work as a predictor for tumor
development. Ki-67 expression has a significant impact
on all stages of carcinogenesis, including tumor genesis,
development, and metastasis, as well as treatment
susceptibility ©@?. It has stated that the aberrant
proliferation of Ki-67 is associated with many tumor
features including tumor differentiation, invasion,
metastasis, tumor progression and patient survival @9,
Our results showed that VEGF-A expression was
significantly increased in serum of BC patients, in
comparison with that seen in healthy controls. This
finding agrees with lovino et al. ?» who observed that
concentrations of VEGF was increased significantly in the
serum of breast cancer patients. This increase may be due
to increase of the expression of VEGF-A in cancer cells.
The vast majority of solid tumors in human, including
breast cancers, express VEGF-A and their receptors.
Different cell types produced VEGF-like stromal cells
(monocytes, macrophages, and fibroblasts) as well as
tumor cells . Vascular endothelial growth factor-A
(VEGF-A) is a mitogen and survival factor for endothelial
cells that also acts as a key promoter of angiogenesis. It
has the ability to bind and activate many tyrosine Kinase
receptors such as vascular endothelial growth factor
receptors (VEGFR1 and VEGFR2). The VEGF/VEGF-
receptor pathway activates signaling cascades that
enhance endothelial cell growth, proliferation, migration,
and differentiation. This potent cytokine also increases

microvessel permeability, and activates proteolitic
enzymes implicated in tumor invasiveness @& 27,
However, tumor vascularization, progression, and

invasion are all enhanced by VEGF. Also, these results
suggested that the level of VEGF-A was associated with
their TNM-staging. According to Hao et al. ®® results,
significant higher levels of VEGF-A were found among
patients in stage 1V. These results showed compatibility
with Ghosh et al. @ who demonstrated that the high
expression of VEG was found in metastatic breast cancer
and associated with higher pathologic stage as well as
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worse prognosis compared to low VEGF secreting
tumors.

Our data illustrated that there was a highly
significant decrease in ES level in patients with BC at low
level (stage 1) while ES level was increased significantly
in women with BC at high level when compared to control
group, and there was significant difference between ES
level in patient groups. These results are in line with
previous study that indicated that the expression of ES
decreased significantly in hepatocellular carcinomas cells
9 Moreover, this decrease is associated with increasing
tumor size, modifications in the histological architecture
of cancer patients as well as higher vascular support. Our
results also agree with The et al. @Y who illustrated a
decreased level of ES in pre-operative breast cancer
patients compared to the post-operative groups. However,
the variability in the expression of ES could reflect
different angiogenic phenotypes of the tumors.

The results of the present study demonstrated a
highly significant increased levels of ES in breast cancer
women in high-level stage compared to control and low-
level stage. Elevation of ES levels were observed in many
human cancers, such as lung cancer and renal carcinoma
as well as breast cancer ©2, However, many studies
revealed that the effect of ES depends on two factors:
length of exposure and type of growth factor @3, Increase
ES levels in patients with metastatic breast cancer
compared to those without metastasis in our study
indicated that levels of serum ES may be involved in the
progression of BC. This finding agrees with the result of
Bachelot et al. ©®¥ who established a significant
correlation between ES concentrations and metastatic
breast cancer patients.

CONCLUSION

The Ki-67, VEGF, and ES levels in the serum of
studied groups may be a good marker in the progression
of BC.
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